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Much of the m aterial in this thesis is based on wor 

which was undertaken in collaboration with others •

hi the Leeds/Y ork G astric Follow-up Clinic, I hav 

worked since 1968 with P rofessor J . C. Goligher,

D r. C. N. Pulvertaft, .Dr. B. E . Walker and M r. R . Hail.

I thank them for perm ission to quote tlie data collected in 

the Clinic.

Oiir team in Leeds has cooperated with P rofessor 

E . Amdrup and D r. E . îïragelund of Copenhagen in studying 

tiie effects of highly selective vagotomy (HS¥) on gastric  

secretion . We iiave read Joint papers a t the Surgical Eesear< 

Society and the B ritish Society of Gastroenterology on the 

resu lts  of the secretory studies anion the clinical resu lts 

which were obtained in Leeds and Copenlmgen after HSV. 

Several Jomt publications a re  awaiting publication. Ï have 

re fe rred  in some detail to the resu lts  from Copenhagen, with 

P rofessor Amdrup's full perm ission.

In the Univereity Department of Surgery a t Leeds, 

the work iias been done by a team, of which I am the researcl 

director* The idea of Mghiy selective vagotomy without a
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drainage procedure is entirely mine, and I am responsible

for the planning of a ll the studies reported in the thesis.

I taught the research assistants how to carry  out the tests 

of gastric  secretion, supervised their work closely, and 

personally carried  out many of the te s ts . Dr. Â. R . Willdns< 

was responsible for most of the tests of gastric  emptying of 

the food-barium m eal, and Dr. C. S. Humphrey and 

Dr. Wilkinson performed nearly a ll the tests of the emptying 

of hypertonic glucose. Dr. P . J. Lyndon has continued the 

studies of fat-"induced inhibition which I began in collaboratior 

with Professor Biithie in Sheffield, and after X had supervised 

the first few te s ts , Dr. Lyndon has done most of the work 

without further supervision. M the study of antroneurolysis 

in dogs, I performed most of the operations and personally 

carried  out about 25 per cent of the secretory  te s ts . M r. E . 

Consultant Surgeon, York County Hospital, performed the oth 

operations, and moat of the tests of secretion.

D r. E . Bo Smith performed a large number of 

pentagastrin, insulin and *ŒCO' te sts , and also  acted as 

anaesthetist in the animal theatre.



M r. J .  P . Edwards, biochemist to the Department 

of Surgery, has taken a  keen in terest in the accuracy and 

reproducibility of the m easurem ents of pepsin, polyethylene 

glycol and phenol red .
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Selective Vagotomy with Innervated Antrum without Drainage Px^ocediirg
for Duodenal Ulcer

D. Johnston and A. E.» Wilkmson, llnlverslty Department of Surgery, 
The General Infirm ary, Leeds.. Br. J., Burg.,, 56,826.

Stimulated by descriptions of partial gasUdc vagotomy by 
Griffith and Harldna (1957) and of segmental gastric  resection with 
innervated antrum by Ferguson gt a l. (1960), we have selectively 
denervated the parietal cell m ass, dispensing with a drainage 
procedure, in a consecutive series  of 15 paiie=..Lj with uncomplicated 
clmonic duodenal u lc e r.

Presemration of vagal nerve-supply for Gem. proxi.mal to 
the pylorus was straightforward, even in obese subjects. Precise 
measurem ents were made of the innervated antrum . The nerves to 
the antrum were demonstrated and photographed. Mucosal biopsies 
taken at the junction of the innervated and denervated areas showed 
that parietal cells were sometimes left innervated.

Post-operative insulin te sts , however, Imve all been negative 
Peutag’astrin-stim ulated acid output was reduced by 67.0 f  6 per cent, 
which is equal to the reduction found in this laboratory after complete 
conventional vagotomy.

The antrum left innervated is well drained and is exposed 
to acid inhibition. Normal antropyloroduodenal regulation of gastric 
emptying is preserved, as is all ex tra-gastric  vagal innervation.

The 15 patients have done well in the sao rt term . These 
early resu lts a re  encouraging, but it is the clinical status at 5 and 10 
years that really mr t ie r s .
Ferguson, D. J . , Billings, 3 . ,  Swenson, D ., and Hoover, J .  (1960)

Surgery, Bt. Louis, 548.
Griffith, C. A ., and Harkins, E. N. ^1957) Gastroenterology, 32, 96.

TMs iB the f irs t reference to vagotomy confined to the parietal cell 
m ass, without a  drahiage procedure, in man.



THE ANTERIOR N5RVE OF LATARJET

As often happens, it splits into two major terminal branches, 
which cross onto the ’’antrum*’ just beyond the incisura angularii 
Both these branches are preserved in the performance of 
highly selective vagotomy.



THE ANTERIOR NERVE OF LATARJET

(in a different patient). HSV has begun, just at the incisura. 
The main nerve passes onto the ’’antrum”, and is preserved.



THE POSTERIOR NERVE OF LATARJET

You are looking at the posterior wall of the stomach, with the 
greater curvature, which has been mobilised, at the top anu the
pylorus off the picture at top left. The terminal branches of the 
nerve are shown splaying out to supply the antral regiœi.
Vagal denervation of the parietal cell mass has commenced at 
the incisura angularis •
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a b b r e v ia t io n s  u s e d  en THES THESIS

OPERATIVE PROCEDURES

HSV: highly selective vagotomy without a drainage
procedure

SV: selective vagotomy

TV: truncal vagotomy

P: pyloroptesly

GJ: gas tro jajunostomy

TV+A: truncal vagotomy plus antrectomy

STIMULANTS OF GASTRIC SECRETION

PG: pentagastrin (’Pepteivlon': ICI)

0X 0; proprietary meat extract

Ach: acetylcholine

ACID OUTPUT

BAO: basal (spontaneous) acid output

PAO: peak acid output

PAO^^, PAO ,̂ PAO®^®, PAO^®^: peak aci,
response to pentagastrin, insulin, 
acetylcholine

MAO: maximal acid output



T , H. ( AO) : total -hour acid output

P . H. (AO) ; peak-hour acid output

Sit'î early “positive (first-hour) acid response to 
insulin

: late-positive (second-hour) acid response to
insulin

NB; not significant

ND; not done

Data have been expressed as arithm etic means, plus or 
minus one standard e r ro r  ( f  1 BE) in most of the figures in the 
thesis.



CHAPTER 1

INTRODUCTION AND REVIEW OF THE LITERATURE



ïn this Chapter, reference is made only to published 

work or to unpublished data wMch were known to me in 1968, 

when X had the idea of doing iiigMy selective vagotomy for 

duodenal u lcer. Subsequent publications, for example those 

detailing the poor resu lts  of vagotomy with drainage, the work of 

Burge and others on bilateral selective vagotomy without 

dramage, the studies of highly selective vagotomy in dogs, the 

effects of vagotomy on plasma gastrin  concentration, and other 

relevant litera tu re  which appeared between 1969 and 1972, are 

a ll discussed in the concluding Chapter, Several additional 

references appear in the f irs t paper on highly selective vagotomy 

(Chapter 2), wiiicii was published in 1970, Although the 

pioneering work of B art and Holle in Munich on selective 

proximal vagotomy ivitii a dramage procedure or antrectomy 

had been published in German by 1968, Î did not know of it, 

and discussion of the findings of these w orkers will therefore 

also be deferred until later chapters,



” K the pylorus does not relax, it is evident that 

a wave approaching it pushes the food into a blind elastic pouch, 

the only exit from which is through the advancing constricted 

ring. The constrictions are deeper near the end of the antrum,

and the rings are small; consequently the food is squirted back 

through them with considerable violence. As has been noted, the 

pylorus opens less frequently for a while after a solid piece of 

food comes to it. In such a case the slow driving waves squeeze 

the liard m orsel and the soft food about it up to tiie sphincter, 

only to have the whole mass shoot back, som etim es half way 

along the antrum. Over and over again the process is  repeated 

till the spMncter at last opens and allows the more fluid parts 

to p a ss .”

W. Bo Cannon

Amer. J. P hysiol., 1, 359 -382 ,  1898



There is no previous litera tu re  on vagotomy confined 

to the parietal cell m ass without a drainage procedure in man.

:H ïjîî',: :*« iK

Near the upper end of the alim entary trac t there is a 

large muscular bag whose principal function is to receive the m eal, 

to mix it and grind it and pass it on into the duodenum in sm all 

spurts of smooth chyme. The stomach is the ”hopper” and the 

”m lll” of the alim entary canal. Its emptying is controlled by

nervous reflexes and by hormones wliich regulate the activities
1of the antrum , the pylorus and the duodenum All the standard 

operations which have been employed since the inception of 

surgery for duodenal u lcer in the late iBth century - partial 

gastrectom y, gastrojejunostomy alone, truncal or selective 

vagotomy with a draim ge procedure or antrectomy - have destroyed 

this precise regulation of gastric  emptyixig which is such a 

beautiful feaixire of normal gastric  physiology; and they liave all 

destroyed or im paired the ’’grinding” function of the an tra l m ill. 

Since they share these basic defects, they all produce side-effects 

such as dumping and diarrhoea, with the resu lt that fe%ver timn 

fifty per cent of the patients so treated acMeve an absolutely



2
perfect clinical result .

In 1968, being dissatisfied with the results of 

conventional surgery for duodenal ulcer, I devised a new 

operation in wMch vagotomy was confined to the acid- and pepsin- 

secreting jm ’t of the stomach. The vagal nerve supply to the 

antral region and to a ll the extra-gastric viscera was preserved, 

and the pylorus was left intact. This "MgMy selective" vagotomy 

was designed to eliminate side-effects such as dumping and 

diarrhoea by preserving normal regulation of gastric emptying, 

and to cure a higher percentage of ulcers tlian did the standard 

truncal vagotomy, by preserving protective and iniilbitory 

mechanisms wMch are destroyed or damaged by the standard 

operations.

THE INDIFFERENT RBSUI.TS OF CURRENT QgERATIONS

The ideal operation for duodenal ulcer would have 

no mortality, produce no side-effects, and cure every ulcer, 

permanently. It would also W followed by perfect nutrition in 

the long term . The achievements of current methods of surgical 

treatment faU some way short of this ideal. The mortality rate 

is  1 to 2 per cent, side-effects are the rule rather than the 

exception, the ulcer recurs in 1^tween 1 and 14 per cent of patients,



and iîi the long term  weight loss, iron-deficiency anaemia and
2 -10even tuberculosis a re  far from uncommon"* . Five to eight

years a f te r  operation in the Leeds-York prospective, x^andomlaed,

controlled trial*' of truncal vagotomy and gastrojejunostom y,

truncal vagotomy and antrectomy and Polya partial gastrectom y,

only 44 per cent of the patients who Iiad been treated by vagotomy

and gastrojejunostomy were found to have obtained a perfect

clinical resu lt, and only 70 per cent had a good-to«excellent

resu lt (Yislck grades I and ÎÎ combined) * Ten per cent were

outright failures and a further 20 per cent had only a ’’m oderate”

or ”fa ir” re su lt. The resu lts  which were recorded after the

other two operations were slightly, but not significantly, le tte r

(Table I). All three procedures were followed by a formidable

incidence, and variety, of side-effects'"' (Table n ), although It

should foe added tlmt many of these v/ere quite mild hi degree.

Patients lost ten pounds in weight, on average, afte r both procedures

involving gastric  x’esection, whereas the mean weight loss was

four pounds after vagotomy with gastrojejunostom y. hi a
11subsequent study in Leeds , the clinical resu lts  five to eight 

years after truncal vagotomy and pyloroplasty were found to be 

marginally worse tîmn those which were recorded after vagotomy



and gastrojojmiostomy. The eonelnslon timt the newer operation

of vagotomy with gaatrojejmiostomy did not yield better resu lts

than the time-honoured method of partial gaetrectomy was
12supported by the findings of Cox in his report in 1968 on the 

resu lts  of the prospective random tr ia l of these two operations 

in Glasgow.

Although laudatory reports on the value of a  varieiy- 

of operations for duodenal u lcer were abundant in the lite ra tu re , 

the resu lts of these two well-planned, c ritica l tr ia ls  seemed to far 

outweigh the re s t. They were also extremely disappointing, for 

no significant advance In gastric surgery ted  apparently been 

made in the preceding eighty years , apart from the decrease in 

operative m ortality, which was due in large m easure to factors 

other tten  the type of operation which was performed. The 

superiority of vagotomy with a  drainage procedure over partial 

gastrectomy or vagotomy and antrectomy with respect to (slightly) 

lower operative m ortality and (presumably) better nutrition in the 

long term  was offset by a Mgher Incidence of recu rren t ulceration 

and by overall clinical resu lts wMch were inferior to those which
iswere found after the resection procedures .



g
•T -{  .
-pl

g'

ICîf
5
I
■S
' r i
Q )

'P

>

ïi
w

- p

1s
I
•H

I
Ch .0

16
g
'HW'i—I

«g8
vor4
CmO

S

- ë  i

iiso  o

I

cvj

Ig

I

«3
0
mttio

vod
A-,O

0
0wes
o

a \

r - |fH
«44o
XX

K? 00
rH

g) % IV vo

R % -=̂*r4 00

&

g a r— ) 
H

IV
ON
r - I

5
I0
1
u

I
-Hi-I
6
S
f i
<c

% g
f i  tur.;

-aU1 0) -p Fh
II
-P O £d o

l ï

I
H

pq

Eh
B HVI



TABLE I I

Frequency of Symptoms Due to Disturbance of Alimentary Function 

Five to Eight Years after Operation

Operation Used

Symptom Vag. & OJ
. . # of about
119 Cases)

¥ag. & Antr.

of about^ 
116 Cases)

Subtot. 
Gastrect. 

(jo of about 
107 Cases)

Vag. & P.

(fo of about 
161 Cases)

Epigastric fullness 40.2 56.5 5 6 .5 5 7 .1

Early dumping 17.9 8 . 6 2 1 .5 11.9
Late dumping 6 .0 4.5 0 . 9 1 .9

Nausea 1 2 ,8 1 7 .2 2 5 .4 1 7 .6

Pood VOÎ Iting 4,;5 9.6 5 . 6 4.4

Bile vomiting 14,5 1 5 .8 1 5 .1 1 0 .1

Heartburn 19.9 1 5 .7 8.4 1 2 .6

Flatulence 17.9 2 2 .8 1 9 .8 20 ,1

Dysphagia 1 .1 0 .0 0 .0 0 . 6

Diarrhoea 2 6 .5 2 5 .2 6.5 21.7

The percentages relate to the total number of cases in which the 
particular synptom was elicited., which in some Instances were a 
few less than the numbers indicated.
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In Leeds g the incidence of complete failm'e after 

truncal vagotomy with a drainage procedure was 10 to 12 per cent,

S to 8 years afte r operation"’ " , Half the failures after vagotomy 

and gastrojejunostomy were due to recu rren t ulceration, and imlf 

to the occurrence of severe side-effect©, particularly dumping, 

bilious vomiting and d ia rrh œ a . After vagotomy and pyloroplasty, 

recu rren t ulceration accounted for most of the failures. Twenty 

per cent of patients iiad a  resu lt (Yieick grade m ), leaving

70 per cent with a  good resu lt (Yisick grades I and H)$ The 

symptoms which led to patienta being placed in category ÏÏÏ were 

predominantly epigastric fullness, early dumping, vomiting and 

d iarrhoea. The challenge, then, was to lower the incidence of 

recu rren t ulceration, and to attempt to eliminate these side-effects.

One possible approach was to cliange from truncal to 

bilateral selective vagotomy^^’^^, hi selective vagotomy, the 

stomach is denervated from cardia to pylorus, but the hepatic 

and coeliae vagal fibres a re  preserved. It is  thus a  logical 

operation, attacking only the target organ, but sparing the para

sympathetic nerve supply to the pancreas, sm all intestine and



biliary trac t. Whereas truncal vagotomy Imo been shown to
16 17cause the gall bladder to dilate in man ’ " , aelective vagotomy 

17
do3s not" . Selective vagotomy has lîaen claimed to lower the

incidence of post-vagotomy diarrhoea and also to reduce 

the incidence of incomplete gastric vagotomy " \  in addition, it 

possesses the theoretical advantage of preserving the hepatic 

and cosliac fibres, which Imve been shown to mediate inhibition
2̂  Q tj

of gastric  secretion from Heidenlmin pouches in dogs " , and

hence might exBTt an inhibitory influence on acid output from the

denervated parietal cell m ass in man. Despite its considerable

attractions m theory, hov/ever, there was no convincing evidence

timt the overall clinical resu lts  after selective vagotomy with a

drainage procedure were significantly better than fihose which were
28-30found after truncal vagotomy with a drainage procedure "*

The early , admittedly uncontrolled, experience with selective
30vagotomy and pyloroplasty in Leeds was not particularly 

encouraging. There was little reduction hi the incidence of 

diarrhoea, dumping was still a  common side «effect, and the 

incidence of incomplete vagal nerve section as judged by the 

resu lts  of the msulin test was little different from that wMch \ras 

found after truncal vagotomy.



It seemed to me that the incidence of side-effects 

would be greatly reduced if the pylorus could be kept Intact, and

not bypassed, and if normal, regulated gastric  empty mg could be
1obtained through an intact antr o -py loro -duodenal segment * In

311966, Coda and hie colleagues had shown how the term inal 

an tra l contraction in dogs not merely a rres ted  the progress of 

solid m aterial near the pylorus but actually retropelled it 

forcibly into the body of the stomach. The cine film of tliie work, 

which Code showed a year later to the British Society of G astro

enterology, gave a clear and exciting picture of the an tra l m ill in 

action. It was obvious that pyloroplasty would destroy this 

mechanism, gastrojejunostomy bypass it, while antrectomy or 

gastrectomy would ablate it  altogether. Ab a  result, solid food 

would pass, un-milled, and sometimes with excessive rapidity, into 

the sm all intestine. There, its physical state would make it

unsuitable for absorption. These deductions fitted perfectly with the
S2

observation of W astell that pyloroplasty led to a significant 

increase in the output of faecal fat in doge, m  man, too, 

malabsorption of fat was well documented after vagotomy with a 

drainage procedure^’ Excessively-rapid emptying

of solid food after vagotomy and pyloroplasty in man Imd been



3 8noted by Coimer and hie colleagues , who foimcl timt a  normal,

albeit radioactive, brealdaot emptied much faster after vagotomy

and pyloroplasty (at least in tlie f irs t 20 minutes after the meal)

tlian it had done before opération. This was a t variance with
39the previous flndii-^s of Buckler , who reported tiiat a  te st meal 

of mashed potato left the stomach mo,ve slowly after vagotomy 

and pyloroplasty.

Bmptjrlng of fluids from the stomach is also
40-42excessively rapid after vagotomy with a  drainage procedure

This may be due in part to loss of the antrum and pylorus and in

part to loss of inhibitory nervous reflexes and to diminished

release  of hormones which inMfoit gastric motility and delay
Îgastric  emptying . The role of inhibitory reflexes is illustrated

43by the findings of Waddell and Wang , who noted that a  sem i

fluid fatty meal slowed gastric emptying in patients with gastro 

jejunostomy alone, but that when vagotomy was added to the 

gastrojejunostomy, the fatty meal left the stomach m ore rapidly. 

Agali, it has been shown by  ̂ that the upper sm all intestine

contains osm oreceptors which delay gastric emptying by means of 

nervous reflexes when solutions of high osmolarity enter the duodenur 

After truncal and selective vagotomy with a drainage procedure,



this mechanism is lost, and fluid te st meals of high

osmolarity empty in unconti'olled fashion into the sm all intestine,

pass tlirough it rapidly lilse a saline purgative, and produce
41,42urgent diarrhoea . The stomach is then truly ^Incontinent’̂

40-42of liquids, The contribution of the Belfast group was thus

of g rea t value, by their démonstration that the stomach was

’’incontinent’^ tliat it was illogical to speak of vagotomy with

drainage as ’’preserving the gastric re se rv o ir”, and finally that

the prime cause of diarrhoea in many {but not all) cases was

incontinent gastric  emptylug. They also showed tliat posture

assum es considerable importance in gastric  emptying after
42vagotomy and pyloroplasty « Ji the patient lies flat on Ms back,

even liquids empty slowly, but if he assum es the upright posture,
42gastric  emptying is precipitate . The liquid pouring out of the 

stomach no doubt sweeps solid food with i t  into the sm all intestine 

at an abnormally rapid ra te  after the term inal antrum and pylorus 

have been distorted or bypassed.

D isorders of gastxTc emptying a re  thus responsible for 

many of the side-effects and failures of gastric  surgery . E 

emptying is excessively rapid, dumping and diaxuiioea may ensue. 

If it is too slow, because of diminished an tra l perista lsis  after



vagotomy combiuecl with a poorly-fimetloning pyloroplasty or 

gastroenterostom y, the patient may experience side-effects such 

as nausea, vomiting and flatulence. The loss of co-ordination 

of the contractions of the axxtnim, pylorus and duodenum after 

pyloroplasty could lead to copious reflux of all^Iine duodenal 

content, rich  in bile sa lts , onto the antrum . Regurgitation of 

sim ilar fluid into the stomach after gastroenterostom y is also 

to be expected. This m aterial in the stomach might cause 

irrita tion , nausea and vomiting.

THE NEW OPERATION: VAGOTOMY OF THE PARIETAL CELL
MA88 WITH PRESERVATION OF 
ANTRAL INNERVATION WITHOUT A 
DRAINAGE PROCEDURE

OF s m g j î f f e c t s  by

jZ O N 'D ^ L L ^  G .^T m C  EMPTYING^ : 
PEE8ERV/TION OF CONTRÔLIED GAGTRIClnMPTYING
THROUGH AN INTACT PYLORUS

It was clear that the resu lts  of surgery for 

duodenal ulcer would improve significantly if the normal 

control of gastric  emptying could be retained; provided, of course, 

that the operation also cured the u lcer. This w^b the nub of the 

problem: how to preserve the entire gastric re se rv o ir and induce 

it to empty normally tiirougli an intact pylorus, while at the same



time enBuring timt the ulcer would heal and rem ain healed.

Truncal vagotomy without a drainage procedure was obviously 

out of the question. Drag’stecit iiad originally performed 

transthoracic truncal vagotomy without drainage '^̂ , but Imd to 

re-operate  on many of hie patients to add: a gastroJeJunoBto,my, 

because of the occurrence of gross gastric  retention Bilateral 

selective vagotomy is also a complete gastric  vagotomy, because 

the nerves of L atarjet to the an tral region of the stomach are 

severed. The branches of the hepatic vagi which go to the pylorus 

and distal antrum have not been shown to have any efferent
47-41function, despite careful investigation by several groups of w orkers.' 

For eram ple, Stavuey and his colleagues'^^, who recorded in tra - 

an tral p ressure changes in dogs by means of fine polyethylene 

tubes connected to s tra in  guages, showed that in tra-an tra l 

pressure increased significantly when the vagal trunlcs were 

stim ulated electrically . However, after bil^a-teral selective 

vagotomy, no increase in pressure was detected, nor ..id direct 

stimulation of the hepatic fibres of the an terior trunlc (which give

rise  to the pyloric nerve) produce an increase in pressure in the
fvOantrum . Sim ilarly, in man, Burge has demonstrated with his 

e lectrical stimulation test""' for completeness of vagotomy that

selective



\mgotomj completely eliminates the contractile response of

the stomach: e lectrical stimulation of the hepatic and coeliac

vagi does not e lic it any gastric contraction. These resu lts
ISprovide support for Franlfsson’a observations in 1948 that 

selective vagotomy causes as much gastric s tas is  as doss truncal 

vagotomy without a  drainage procedure* Thus, vagotomy of the 

whole stomach, whether truncal or b ilateral selective in type, 

diminishes an tra l perista lsis and leads to gastric  s ta s is .

Therefore, if the stomach is to empty tlirough an intact pylorus, 

vagotomy of the stomach m ust not be complete, but partial.

The portion of stomach remaining innervated should quite 

clearly  W the distal part, the an tra l ”milP% whose powerful 

contractions, so fam iliar to the radiologist and gastroscopist, 

provide the v is-a-te rgo  which propels the chyme out of the 

stomach. The vagal nerve supply to the an tra l regioxi of the 

stomach^^’ ^^ is provided by the nerves of Tatarjet'^'^, otherwise 

Mown as the g rea ter anterior and posterior gastric  nerves
54

(of Mitcliell) These nerves run doxvnwarda in die le sse r 

omentum parallel to the le sse r curvature and end In branches which 

cross onto the ’’antrum ” near the incisura angular is , about five to 

seven centim etres proximal to the pylorus* Although the extent



of the ’’pyloric gland a re a ” , or antrum , of the stomach is 

variable, it  usually extends a t least five centim etres prosdmal 

to the pyloi’us^^ Thus, preservation of the nerves of 

L atarjet with their main term inal branches would keep the 

alkaline axitrnm innervated, while division of a ll other vagal 

fibres to the stomach, along the le sse r curvature between 

incisura angularis and cardia, and on the lower ossoplxagus, 

would denervate a ll, or alm ost all, of the acid- and pepsin- 

secreting part of the stomach, the parietal cell m ass.

An alternative approach which was considered was 

to keep the pylorus intact and to perform ’’supra,-pyloric 

antrectom y” , by transecting the stomach two centim etres or so 

proximal to the pylorus, resecting the m ajor portion of the antrum 

with a cuff of the parietal cell m ass, and anastomosing the

(vagotoml^ed) body of the stomach to the pro-pyloric rem nant.
59

Maid and his colleagues had used this operation (without, however, 

vagotomising the stomach) in the treatm ent of gastric u lce r, and 

claimed that, while gastric  stasis  was absent, emptying of the 

stoxnach was under much better control than was the case after 

the Billi'oth or Polya i^^pes of gastric resection. This procedure, 

however, reduced the siz'.e of the gastric  re se rv o ir, and also



seemed m likely to lead to as well-regulated gastric  emptying 

as could be expected if the innervated antrum were left in situ. 

Although it was tempting to excise the source of gastrin , for 

reasons which a re  given below I thougiit that it was unnecessary 

to do so.

’’P artia l gastric vagotomy” , with preservation of

the nerve supply to the antrum , had firs t been performed in
60dogs by Griffith and Harldns in Beattie . These authors reported 

in 1957 that the operation was followed by satisfactory gastric 

emptying, as Judged radlologlcally by the emptying of barium; 

and that denervation of the parietei cell m ass was also satisfactory, 

because the insulin test was either negative or only wealdy positive. 

They concluded that ’’clinical application seem s feasible” . It was 

to ba many years, however, before the operation was used in man, 

partly no doubt because the evidence for efficient gastric emptying 

was not entirely unequivocal, four of the ten dogs exhibiting 

slightly delayed empt5"lng, partly because the insulin test was 

wealdy positive in seven of the ten dogs, but chiefly, one 

would imagine, because at that time most surgeons were satisfied 

with the resu lts of the established operations, so that there was 

little incentive to try  a new procedure which seemed technically 

difficult and fraught with the danger (as they thought) of recurrent 

ulceration because the antrum remained innervated.



I decided to use ’’partial gastiTc vagotomy” in the 

treatD.mnt of patients with duodenal n icer, because it seemed to 

possess a il the virtues (real or im aghiaryl) of selective vagotomy, 

but had the added advantage that ^ s t id c  emptying would be well- 

regulated, because the antro-pyioro-duodenal segment was left 

undisturbed, Thus it seemed alm ost certain  to reduce the 

incidence of side-effects such as dumping and diarrhoea. But 

would the stomach empty satisfactorily , and would the ulcer heal 

and rexnain healed ?

G astric emptying was largely dependent upon the

vigour of an tra l peris ta ls is , and It seexned reasonable to assume

that if the antrum was left completely inta.ct, without interference

with its blood or nerve supply, emptying would rem ain unim paired.

M oreover, it had bean shown that gastric emptying was alm ost
00normal after partial gastric vagotomy in dogs . Finally, one was

61reassured  by the report of Ferguson and Ms colleagues that 

gastric  emptying was satisfactory after segmental resection of 

much of the parietal cell m ass , with preservation of an innervated 

antrum and an intact pylorus in men with duodenal u lcer.

The pylorus, then, was to be left m tact and the antrum 

was to be left innervated. The next question to fee considered v/as

how dangerous this



imiervated antrum v/oiüd be in term s of recu rren t ulceration.

THE SECOND CONCEPT: THAT THE ANTRUM COULD BE

LEFT INNERVATED WITH B/iPUNITY

During the past decade, m ost surgeons who did not 

actually re sec t the gastric  antrum , severed its  parasympathetic 

nerve supply in the course of truncal or selective vagotomy, 

in the belief timt by so vioing they were reducing the re lease  of 

gastrin . This philosophy was based in large m easure on the
62pronouncements of Hyhus, Harkins and. theix’ colleagues in 1960 **,

who wrote that if the antrum was to be retained a t a ll in the course 

of operations for duodenal u lcer, it must be vagally denervated, 

rem ain in continuity wiia the ”acid stz'eam” , while an tral s tasis 

must be px’eventecl by the performance of a drainage procedure. 

These fortiiright edicts were based on their findings in anotiBr 

species - the dog; nor were they based on findings in anim als with 

the antrum in situ, but in dogs which were equipped with separated 

an tra l pouches sMeidecl from the inhibitory mfluence of endogenous 

acid. In such circum stances, vagal re lease  of gastrin  is easy to
0 1 j  0  /j,

demonstrate^ " % but when the antrum is left in situ , vagal

re lease  of gastrin  is extremely difficult to dem onstrate, as



Janowite and Hollander^*'^, and Burstall and Sciiofield'^^, reported.

Acid i 1 contact with the antral, mucosa inliibitB gastrin  re lease ,
67 68 69

both in man and in the dog ' « This may represent a d irect

Inhibitory effect on the gastrin cell, which is situated in the
70mucosa, close to the lumen “. In addition, nerve endings

sensitive to change in pll have been dem onstrated in the antral
7Jmucous membrane % and it is possible that these give r ise  to

inhibitory nervous reflexes.

The literature on the effect of vagal denervation of the

antrum on gastrin  release is contradictory, and is discussed in

greater detail In a la ter chapter, Yagal denerva.tion both of the

in-situ  antrum and of the separated antrum in dogs was reported
72 -76by many authors to lead to a significant reduction In acid

output from an indcator pouch of the fundic gland a rea . On the
77 62other hand, Wohlrabe and B'eily , and Nyhus and Ms colleagues

found that vagal denervation of the antiuim did not reduce gastiTn

release in response to bathing the mucous membrane of the antrum
77 62with beef broth or with alcohol nor did it reduce gastrin

release in response to mechanical distension of the antrum 

Thus, the lite.valaire was conflicting and the findings in doge 

equipped with Heidenhain pouches and separated an tra l pouches 

were not necessarily applicable to xnau.



In this comiectionp it is amusing to consider that the standard 

laboratory animal which was used for studies of experimental 

gastric  operations was the Heidenhain pouch dog. Any opération 

which led to an increase in acid output from the Heidenliain pouch 

was considered ”bach'; imsuita,blQ fo:c use in man. Yet It had

been shown repeatedly that acid on the antrum inhibited gastrin
, 64,66-69 .. . . , .p ,release  ̂ . rience, miy operaxion v/Lucn etfectiveiy reduced

acid output from the parietal cell mass of the main stomach would

lead to more alkaline conditions in the antrum , to diminished

inlubitei of gastrin , " 'ise, and thus to an increase in acid

out .mt from the Heidenhain pouch. Paradoxically , the greater

the reduction in acid output in the main stomach, the higner would

acid output r ise  from the B.eidenlmiu pouc i (assuming that the

antrum was left ”in situ”).
78-The disasL'oue effects of the an tra l exclusion operation

81 , which were clue to excessive gastrin  re lease  as a resuR  of
, ,  , , «. . 6 8 , 69 , 8 1  .. I l l  f.the constant alkaline environment in the excluded antrum ,

had left an indelifole im pression on the surgical world. Generations 

of surgeons were allowed to forget the scurvy trick  which the 

antrum had played upon their surgical m entors, The antrum was 

regarded as a natural foe, to be excised or at least ”tamed” by



severance of its  vagal nerve supply. Little significance was 

accorded to the observations of State and Ms colleagues 

who had shown that when the antrum was kept in continuity with 

the acid sti'eam , it protected dogs against the development of
6ÏMstarnine-induced u lcer. Jii man, Ferguson and Ms colleagues 

who treated  over one hundred patients with duodenal ulcer by 

segmental gastric  resection, with preservation of the vagal nerve 

supply to the anixiim, and without a drainage procedure, were 

able to rep o rt a respectable recurrent-txlcer ra te  of 4 per cent 

on follow-up ranging from one to four y ea rs .

Thus, it appeared timt the accepted surgical practice 

of denervating the antrum was baaed oxi evidence which was

conflicting and questionable. Certainly, the resu lts  of Wohlrabe
Tl 62and Kelly and of Nyhus and Ms colleagues suggested that the

antrum might re lease  just as much gastrin  in response to a meal

after vagal denervation as it had done before. Besides, vagal
48 60denervation of the antrum produced g astric  s ta s is  “ ' and 

made necessary the performance sf a drainage procedure. Even 

when that had been done, s tas is  of food was not alv/ays prevented. 

Such stas is  might be expected to provoke sustained re lease  of 

gastrin* In addition, complete gastric  vagotomy with pyloroplasty



or gastrojejunostomy permits increased refluK of alkaline 

duodenal content, containing a high concentration of bile salts, 

into the stomach. "Bile is  seldom found in the stomach, except

under peculiar circumstances” wrote Beaumont  ̂ in Ms

celebrated case report on Alesds Bt. Martin. Both alkaiinity®^^
85and bile salts , in the antrum tove been shown to promote the 

release of gastrin. In contrast, if the antro-pyloro-duodenal 

segment is left intact, duodenal contents are in the main kept 

in their rightful place, beyond the pylorus^^’ 86-88^ "The function

(of the pylorus) is to prevent reflux into tlie stomach during
87(duodenal) cap systole” (H. D. Joimson) . The co-ordination 

of the movements of the antrum, pylorus and duodenum in dogs

has been described as follows; ”  duodenal contractions

were seen immediately after closure of the pyloric spiiincter.

The junctional gone operated ae a unit, displaying a co-ordinated 

sequence of muscular events: first a gastric peristaltic contraction 

wMch, as it moved along the antrum, excited an almost eimul- 

taneoua contraction of the terminal antral segment, producing 

closure of the pyloric sphincter with cessation of flow of contents 

into the duodenum, and then rétropulsion of the contents trapped 

in the antrum into the stomach. Duodenal contractions occurred
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Thin theaifi la  about a new operation fo r  duodenal u lc e r .

I t  i s  naniad h ig h ly  a e leo tiv e  vagotomy without a drainage procedure, 

or HSV. I  was tlie f i r s t  to  deerifoe I t s  use in  man, a t  the meeting 

o f  the B r it ish  Surgical Research S ociety  on the f i r s t  o f  J u ly , 1969* 

% e unique feature o f  HSV Is  that w e ll-co n tro lled  g a str ic  

emptying i s  achieved, tlirou^i an In tact pylorus* has never

Wen done before. In tlie  long h isto ry  o f  surgery for  duodenal ulcer*  

In coï^equence, the well-known s id e -e f fe o ts  o f  g a str ic  surgery, such 

as dumping and diarrhoea, are grea tly  reduced. Yet, so far  as we 

can t o l l ,  these advances have not been secured a t  tiio cost o f  an 

Increased incidence o f x^ecurrent u lcera tio n . Indeed, not a s in g le  

case o f  recurrent u lcera tion  has been found in  l8 o  p a tien ts  treated  

by HSV In Leeds in  the past three and a h a lf  yeax’o*

The pub lication  o f  the f iv e -  to  e ig iit-year  r e su lts  o f  the  

Leeds-York t r ia l  in  1968, and o f  the ea r ly  r e s u lts  o f  truncal 

vagotomy and p y lorop lasty , had shown tl:iat the achievements o f  

’’nWern" surgery (truncal vagotomy with dx'ainacse) fo r  duodenal u lcer  

wera no b e tter  than those o f  p a r t ia l gastrectomy# In ten  per cent o f  

p a tien ts  the operation was a fa ilu r e , because o f  reouxTsnt u lcera tion  

or severe s id o -e f fe o ts , and in  a ilirther twenty pei’ cent the outcome 

was max'i'ed by s ld e -e f fe o ts  such as ep ig a str ic  fu lln e s s  a fte r  m eals.



2 ,

dumping, bilious vomiting or diarrhoea* I t  was d iff ic u lt to understand 

why tho resu lts were m  better* Vagotomy witii drainage seemed to 

bo more ’’ishyslologlcal” tiian partia l gastreotomy* I t  m e said to 

‘’preserve the gastrlo reservoir"* I t  should have given better resu lts , 

but i t  did not* Nor did selective vagotomy with a drainage procedure 

eeom to  yield better overall c lin ical resu lts , despite reducing tne 

incidence of cllarrhoea»

I t  seemed to me that the resu lts  of surgery for duodenal 

ulcer would improve significantly  I f  the antro-pyloro-duodenal 

segment, which regulates gastric enptying, could be kept Intact.

All the standard operations damged th is  region* Consequently, 

a l l  produced unregulated gastric en^tying, dumping, and diarrhoea. 

Carlson, Code and liaison had shown in lg66 tha t the terminal antral 

contraction was essential to the function of the an tral "mill".

TSiie terminal antrum and pylorus discriminated between solids and 

flu ids. Hence, I t  was clear tiiat a fte r the standard operations, 

solids would leave tlxe stomach too rapidly, un-mllled, and In an 

unsuitable sta te  for furtlxer digestion and absorption* Two y#ars 

la te r , George, Connell, Kennedy and MoKelvey #iowed tliat liquids 

le f t  the stomach with undue rapidity  a fte r truncal or selective 

vagotomy with a drainage procedure, and tha t the abnormality in 

en^tying vjas greatest in  patients with "post-vagotomy" diarx^oea.

For these reasons, I  decided to keep the pylorus in tac t.



2̂ *

in  oï*dor to  keep tlie stomoh "continent"* How then was tlie 

vagotoiiiised atomch to  eniptÿ"? Ttie answer was to vagotcmilze, not 

tiie wiiole stoiiiacii (as i s  done in  selective or truncal vagotomy), 

but catily tSie acid- and pepsin-secreting part, the parie ta l ce ll mass.

In dogs, tills  "partia l #sti*io vagotoïtty" (H3F) imd been shown to 

produce effective denervation of the parie ta l ce ll and to be 

followed by satisfactory  gasti'lc e%#tylng. I t  had not been used 

in  man, because of fears tliat # e  innervated antram would release 

excessive amounts of gastrin* I  tliou^it, however, ttmt such fears 

were probably groundless, because i f  the antrum were le f t  la  continuity 

with tliQ "acid stream" from the body of the stomach, gastrin  release 

would bo inliibited by tlie local action of endogenous acid* la  addition 

the branches of the vagus nerves whicii were spared in HSY had been 

shown to  mediate inhib;ltl<m of gastric seox»etlon in  the dog. I t  

seemed possible tiiat otiier protective and Inliibitory mechanisms in 

tiio antrum and duodenum îîdght function better a f te r  H8V tîian a fte r 

ti'uncal vagotomy* Such was the physiological rationale of H3V.

The x'csults of the new opemtlon were assessed both a t the 

c lin ica l and a t the experimental level. Gllnlcal assessment was made 

a t  tho Leeds Gastxdc Foll<si-up Clinic, vAiere patients treated by HSV 

attended in company with numerous otlier patients #10 Imd been treated 

by tiie standax’d opérations* An experienced panel of gastroenterologist! 

wrote down th e ir  findings befox^e being permitted to  learn which typo
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o f operation had been In th is  way, an imbiased verd ict

was reached. In the laboratory, a v a r ie ty  o f  te s ta  (o f  secre tio n , 

Gr#tylng, e t c ,  ) were performed in  w ell-m tched  groups o f  p a tie n ts , 

who wox-’o in  good h ea lth , riora tîian on© year aftex'’ tru n ca l, s e le c t iv e  

or Mghvly s e le c t iv e  vagotomy#

One hundred and e igh ty  p a tien ts  Imve been txHiated by HSV 

in  tho p ast three and a im lf  years, wltixout operative m orta lity ,

Hot one has developed a recurrent u3.cer. At tixe c l in ic a l  l e v e l ,  

g a str ic  c f# ty ln g  has Wen sa t is fa c to r y . Only one p a tien t lias 

required re-operation  on account o f  g a str ic  s t a s i s ,  Testa o f  

g a str ic  en^ptying y ie lded  no evidence o f  g a str ic  re ten tio n  a fte r  

UBV* They a lso  showed tîm t g a str ic  eniptying i s  much c lo ser  to  

n orm l than in  p a tien ts  axter vagotomy with drainage* "Post-vagotomy" 

diarrhoea has been v ir tu a lly  abolished , b ilio u s  vomiting i s  absent, 

and the incidence o f  dumping has been much reduced*

Spontaneous acid  output, and tho acid  outputs in  response to  

^ )on ta#strln , in s u lin , mid e x tra c t, were fom d to  be diminished  

as e f f e c t iv e ly  by ÎISV as by the standard operations# Ho evidence 

o f ex cess iv e  re lea se  o f  ij^strin was found* While follow -up i s  too  

short to  allow  o f  firm cm o lu sio n s, a great deal o f  evidence already  

ouggosts that the Incidenoe o f  recurrent u lcera tion  a f te r  H8V w i l l  

be le a s ,  not more, than a f te r  truncal vagotomy with a drainage 

pï^ocedur©*



J *

The g a ll  bladder was tmsyd to  be d ila te d  a f te r  truncal 

vagotosny, but not d ila te d  a f te r  HSV*

In the short te%% HSV has given sa t is fa c to r y  x^esulto in  

tho treatment o f  p a tien ts  w ltii benign g a str ic  u lc e r , and in  a fov? 

oarofully-chosen  p a tien ts  wltkx duodenal u lcera tio n  complicated by 

haeiiK>rrhage, perforation  or p y loric  s te n o s is .

’Bie most d isappointing find ings were tlia t üio incidence o f  

e p l# s t r io  f iilln esa  a fte r  meals vms S5 to  JO per cent a fte r  HSV, 

vMoh Is  l i t t l e  d iffer e n t txvm tho Inoldenco a f te r  the standard 

operations: and th a t dumping wao not e n t ir e ly  abolished*

Ninety p a tien ts  were x^eviewed a t the G astric Follow-up G lin io , 

one year a fte r  HSV; and 48, two years a fte r  HSV. 62 per cent had 

achieved p erfect cliM oaX r e su lts  (V lslok grade I ) ,  compared with  

58 per cent a f te r  trim cal or s e le c t iv e  vagotomy w ith pyloroplasty*  

Altiiou^x t i l ls  d ifferen ce  I s  not s t a t i s t i c a l ly  s ig n if ic a n t , i t  i s  

s t a t i s t i c a l l y  s ig n if ic a n t  (p ^  0*01) i f  our r e s u lts  ax’c pooled with  

those o f  Professor Amdrup, whoso r e su lts  are v ir tu a lly  id en tic a l to  

our own* The twenty per cent increase in  the proportion o f  p a tien ts  

w ith pex^fect r e s u lts  vma matched by a s ig n if ic a n t  decrease ( in  

la e d s , p  ^ 0 .0 1 )  in  the proposition o f p a tien ts  in  V lslck  grade I I I  

(a "fair" r e s u lt ,  m rred toy s ld e - e f f e c t s ) .

Tills i s  an In ter ira report. %e f in a l  v erd ict on HSV w i l l  be 

passed a fte r  a  longer period o f  follow -up, and wiien iiio r e s u lts  o f
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prospective random t r ia l s  becoitie available. However, there are 

in  eaaenoe only two wain questions to be answered a f te r  HSV*

F irs tly , does the stomaelx eupty, and secondly, does the ulcer recur? 

Hie evidence presented in th is  thesis shows tha t the stomach does 

en^ty, and tim t the ulcer w ill almost certainly not recur, while 

the advantages of HSV over established procedures are clearly 

dewnstrated. This is  tixe f i r s t  operation in  the M story of 

gastric sm'gery to  permit of well-i’egulated gastric emptying 

tlirouffi on in tac t pylorus*



immediately after clos w e  of the pyloric spMncter, never just
91before.” Thus did Code ' ,  in 1970, describe the sequence of

3*3events wMch he and Me colleagues had recognised tn 1966 

It follows that if the antro-pyloro-duodenal segment is kept intact, 

the antrum will continue to be bathed in the stream of endogenous 

acid from the fundus* Hence, paradosdcally, gastrin release 

might actually be less from the innervated, ”imdrained” antrum 

than from the denervated, ”well-drained” antrum,

THE THIRD CONCEPT: THAT PRESERVATION OF PROTECTS

A N ^nm m gO R Y  M EgurngM S c o u l d jjEAd  to  a n

EXTREMELY LOW INCIDENCE OF RECURRENT ULCERATION

My third and final hypothesis concerning the new 

operation was that ulcer healing would not merely be as good as 

after truncal vagotomy with a drainage procedure: it might 

actually be better. Though much of the ensuing discussion in 

support of this suggestion is freely admitted to be in the realm 

of speculation, rather than of proven scientific fact, enough facts 

are available to lend a certain plausibility to the argument.

Firstly, there is the fact, already alluded to, timt the hepatic 

and coeliac vagal fibres, which are severed in truncal vagotomy 

but preserved in highly selective vagotomy, inhibit gastric
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secretion la the dog  ̂ . Secondly, Code and WatMneou found

that in dogs inhibition of gastric secretion by acid in the duWenum
89had an important vagal component * Thirdly, Duthie and I 

observed, to our considerable surprise, that after truncal 

vagotomy and pyloroplasty in man, inMbition of gastrin- and

histamine “Stimulated acid output by olive oil in the duodenum
90was no longer demonstrable , although it had been readily shown 

in subjects with intact vagi before operation, and also in patients 

who had undergone pyloroplasty without vagotomy. This work 

was open to the criticism tliat the tests were performed only 

seven to ten days after operation. Nonetheless, it suggested tliat 

inMbition by fat might teve a vagal component. Hence, it was 

possible that inhibition of gastric secretion would be greater in 

degree If the small intestine were kept innervated than if it were 

vagally denervated.

There is ’’negative feed-back” from the duodenum
82 **94

to the stomach, such that when chyme wMch is excessively acid ,
. , . 9 5  , , 92,94 ,96,9? _ , , .mtty or hyperosmolar ’ ' ' enters the duodenum, gastr ic

emptying is slowed. The ”braldng” mechanisms probably consiste 

both of inhibitory nervous reflexes^/ and of Inhibitory hormones 

such as secretin^eholecystoM nin^^ and ”enterogastrone”



When Waddell and Wang placed barium plus fat m the stomach 

of patients with gastrojejunostomy without vaf^otoray, they 

observed on fluoroscopy that gastric emptying was slow^ In 

contrast, when the same test meal was given to patients who had 

undergone truncal vagotomy and gastrojejunostomy, gastric 

emptying}' was much more rapid. This dem onstrated the 

importance of the vagus nerves in the inhibition of gastric
g a 97

motility by fat in the intestine. Sim ilarly, Hunt ' has shown 

that the upper sm all intestine contains osm oreceptors which 

delay gastric  emptying by means of nervous reflexes when solutions 

of high osmolarity enter the duodenum ̂  One would expect, 

therefore, Umt gastric  en-ptylng of fluids would be under better 

control after Mgliiy selective vagotomy, in which some reflex 

a rc s  from duodenum to antrum are  s till intact, than after truncal 

or selective vagotomy, when all such a rc s  a re  presumably 

destroyed. The importance of this better regulation of gastric  

emptying after highly selective vagotomy (apart from the prevention 

of dumping) is t i r t  potentially -Injurious fluids, such as acid of 

high concentration, can be prevented from entering the duodenal 

cap, whose mucous membrane is thereby protected against



ulceration more efficiently than is the case after truncal or 

selec.ive vagotomy with a drainage procedure o In addition, 

damming the acid back in the antrum will lower the luminal 

pH in tlie antrum , diminish gastrin r e l e a s e ^ a n d  so 

decrease acid output from the body of the etomach.

Pursuing this line of argument, it seem s possible that 

truncal or selective vagotomy with pyloroplasty, by destroying
31the norm al co-ordination of motility in the antrum and duodenum

and by impairing the propulsive power of the an tra l musculature'^^,

might lead to prolonged contact of endogenous acid with the

mucous membrane of the proximal duodenum « In contrast, when

the antrum , pylorus and duodenum are  left intact, systole of the

duodenal cap would be expected to expel the bolus of acid rapidly 
31 87 91and efficiently '  ̂ . Impaired motility in the antrum after

vagotomy and pyloroplasty would also favour prolonged contact 

of secretagogues with the mucous membrane of the antrum , 

particularly in the dog-eared cul-de-sacs wMch are  such a
101"log

common feature of the Heinecke-Miculieg type of pyloroplasty 

This, in turn, might lead to prolonged and excessive release of 

gastrin , with resulting hypersecretion of acid and pepsin, Buch 

a sequence of events would be less lilcely to take ploxe when the



antrum , pylorus aïKl ciuodsnum are kept intact.

The passage of chyme into the duodenum leads to the 

release of hormones such as secretin , cliolecystoidnin and 

^^enterogastrone" which inhibit gastric secretion in -108^

Release of these inhibitory hormones might be impaired after 

vagal denervation of the duodenum, as in tinuical vagotomy.

A cephalic phase has been demonstrated of the secretion
. ,  , 107-109 , 110  ̂ .ox bile, m arumals and man ; oi pancreatic jmce, m

111 Id2 11Sanimais "  ̂ and man"' ; and of succus entericus in
114animals " , just as there has long been Imown to be a cephalic

phase of gastric  secretion « The effect of this ceplmlic pimse

would be to increase the capacity of the duodenal contents to

iieutraligje acid entering from the stomach. One would expect

the cepiialic phase to be abolished by truncal vagotoxny and

indeed there is evidence that this is so. For es^ample, in a
136carefully-perform ed study, Pfeffer, Btephenson and Hinton" * 

showed that ten patienta who were in good health, four to five 

years after iTanstiioracic truncal vagotomy had significant 

depression of exocrine pancreatic secretion, both In response to 

secretin  and In response to stimulation with insulin-

plus-secretin  in combination, compared with secretion in normal



11
control subjects. BimilaiTy, Dreilixig, Dîmcicerman and Ilollander *

reported that the pancreatic enzyme response to insulin-hypogly-

caemia was virtually absent in eight patients who had undergone

complete truncal vagotomy in the course of oasophago-gastrectomy

for carcinoma, although their response to secretin  was norm al.

In the dog, selective gastric vagotomy was found to reduce the

daily volume of pancreatic secretion by 99 par cent (probably 1^

reducing gastric  acid output): whan the selective gastric vagotomy

was converted to a truncal vagotomy, ttedaily volume of pancreatic
1Î8secretion diminished by a further 21 per cent . Extragas trie

vagotomy in the clog reduced mean daily volume of pancreatic
118

secretion by 32 per cent" . In mrn, gastric  distension was found

to produce a significant increase m  the volume of pancreatic
119secretion and in the output of amylase . This effect persisted

120after Billroth I gc-stric resection ** ( i.e . after removal of

the source of gastrin), but in no instance could it be demonstrated
120after truncal vagotomy' , There is no agreem ent about the

effect of truncal vagotomy on the pancreatic response to
110 118secretin  in the dog, some authors reporting diminution ' ,

117 121others no change" ' , and yet others augmentation" . The

foregoing results strongly suggest that the pancreatic



exocrine response to food will be dimmished significantly after 

truncal vagotomy in nian, partly because of loss of the cephalic 

phase, and partly because of loss of the gas tr  o - pancreatic 

reflex. In coiiti'ast, after highly selective vagotomy, the 

cephalic phase should be intact and the gasti'o-pancreatic 

reflex may s till function to some extent, since part of the 

stomach is s till iimervated.

Finally, mucus, sticcuB entericus and the secretions 

of Brunner*s glands probably play an important part in the 

defence against peptic ulcération, although proof of this assertion 

is hard to come by. It seem s reasonable to suggest tiiat these 

protective secretions will be less altered in composition and less 

diminished in volume after an operation which leaves their sources 

intact than after one which vagally denervates these sources.

These, then, were the three fundamental concepts upon 

v/hlch the operation of highly selective vagotomy v/ithoiit a 

drainage procedure (HS¥) was founded. Compared with gastrectomy 

or antrectomy, it  should ba a safer opération, since it  involves 

no resection, no anastom osis, no closure of a  duodenal stump.



It Bhoiücl also be slightly safer than vagotomy with a drainage 

procedure, because even pyloroplasties liave been known to 

ieaic or to bleed, and gastrojejunostomy^ stomas to become 

obstructed. In tlia long term , nutrition may prove to be better 

timn it is afte?’ any of the standard operations, because 

preservation of the antral m ill and of well-regulated gastric 

emptying should ensure that food is presented to the sm all 

intestine in a form which is suitable for further digestion and 

absorption. Far the same reasons, loss of fat in the faeces 

should be less than after vagotomy with a drainage procedure.

It is obviously of crucial importance timt the vagotomy 

of the parietal cell m ass should be complete a t the time of

operation. Incomplete vagotomy is the commonest cause of
122 122recurren t ulceration after truncal vagotomy and no

variety of vagotomy - truncal, selective or highly selective - can

foe expected to succeed if there is a Mgli incidence of incomplete

vagotomy at the time of operation. For tMs reason, it is

desirable that routine insulin testing should be carried  out in the
122post-operative period' so that the surgeon may be alerted if

positive responses are  found.

In summary, the resu lts of conventional surgery for



duodenal u lcer are  unim pressive. The operation proves to foe a 

failure in ten per cent of patients who undergo truncal vagotomy 

with a drainage procedure, and In a further twenty per cent the 

clinical resu lt is only m oderate. Many of the bad résulté are  

attr;Uxita.tole to disorders of gastric  emtpying. The new surgical 

approach consists of keeping the pylorus, indeed the whole antro™ 

pyloro-duodenal segment, intact, vagotomy being confined to 

the acid-and pepsin-secreting part of the stomach. Dumping, 

bile vomiting a.nd diarrhoea should thus foe prevented. The 

innervated antrum is thought not to pose a major tlireat of 

recu rren t ulcera.tiou, because it rem ains in the acid stream , 

subject to acid-inhibition of gastrin  re lease . It is far from 

certain  that denervating the antrum diminishes gastrin  re lease . 

There is reason to believe that protective and inhibitory 

mechanisms may he xnore effective after highly selective vagotomy 

than after truncal vagotomy.

For alm ost a century, operations for duodenal ulcer 

had been followed by unregulated gastric  emptying. There was 

ample justification hi theosry for keeping the antrum , pylorus and 

duodenum intact. By December of 1968 the time had come to 

’tey  the te st" .
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HIGHLY SELECTIVE VAGOTOMY WITHOUT A DRAINAGE 
PROCEDURE IN THE TREATMENT OF DUODENAL ULCER

By DAVID JOHNSTON and ALAN R. WILKINSON
UNIVERSITY DEPARTM ENT OF SURGERY, TH E GENERAL INFIRM AR Y, LEEDS

S u m m a r y

A consecutive series of 25 patients with chronic 
duodenal ulcer has been treated by highly selective 
vagotomy without a drainage procedure. The vagal 
fibres passing to the distal 5-7  cm. of the stomach—  
the nerves of Latarjet— were left intact, as were the 
hepatic and coeliac branches of the vagus. The 
object was to denervate only the parietal cell mass, 
while preserving normal gastric emptying and normal 
inhibition of gastric secretion from the antrum and 
duodenum. This operation should cure the ulcer as 
effectively as vagotomy with drainage does, and at 
lower cost in terms of side-effects such as dumping 
and diarrhoea.

T he insulin test was negative in each case, suggest
ing that vagal denervation of the parietal cell mass was 
complete. Evidence provided by mucosal biopsies 
taken at operation does not fully support this view, 
however. Pentagastrin-stimulated acid output was 
reduced by 70 per cent, and pepsin output by 5 1 per 
cent, 3 months after operation. T he volume of resting 
juice was halved and spontaneous acid output was 
reduced by 97 per cent at this time. Thus, highly 
selective vagotomy is as effective as truncal or 
bilateral selective vagotomy with drainage in reducing 
gastric acid output in the early months after operation.

There have been no deaths. With 2 exceptions, the 
patients appear to be doing well clinically and few  
complain o f side-effects, but the period of follow-up 
is only from 3 to 11 months.

These results are encouraging. They suggest tliat 
a highly selective vagotomy, denervating the parietal 
cell mass but leaving the antrum innervated, may be 
all that is required to cure most patients who have a 
chronic duodenal ulcer.

A CONSECUTIVE series of 25 patients with chronic 
duodenal ulcer has been treated by highly selective 
vagotomy without any form of drainage procedure. 
The vagotomy was confined to the acid- and pepsin- 
secreting area, the distal 5-7 cm. of the stomach being 
left innervated. This operation is thought to possess 
two specific advantages over truncal or bilateral 
selective vagotomy with drainage. First, gastric 
emptying should be almost normal and as a result 
dumping should be eliminated, because the antro- 
pyloroduodenal segment remains normal anatomically 
and its extrinsic vagal nerve-supply is kept intact. 
Secondly, the neurohumoral inhibitory mechanisms 
in the antrum and duodenum, which ‘apply the 
brake’ to gastric secretion, are preserved. Thus, 
postoperatively, inhibition is still lively, whereas 
maximal acid output is only 30 per cent of its former 
level. This should be enough to ensure that the 
ulcer heals and remains healed.
21

M E T H O D
P a tien ts .— There are 18 men and 7 women 

(Table I )  who have been treated during the period 
February to October, 1969. In each case the diagnosis 
of duodenal ulceration was made clinically, radio- 
logically, and at operation. T he series is consecutive, 
except that patients with pyloric stenosis and emer
gency cases were excluded. In an attempt to detect 
patients with early pyloric stenosis, special attention 
was paid to symptoms such as vomiting, acid 
regurgitation, or heartburn, and to the nature and 
volume of resting juice aspirated from the stomach 
in preoperative secretory tests, but in fact only 
2 patients who did not have clear radiological 
evidence of pyloric stenosis were rejected, both on 
account of a history of repeated vomiting. Obese 
patients and patients with very scarred, but not 
stenosed, duodenal caps were included.

O perative T ech n iq u e.— The abdomen is opened 
by a right upper paramedian incision and the presence 
of a duodenal ulcer, without other pathological con
dition, is confirmed. T he degree of scarring and 
stenosis of the duodenum is estimated by inspection 
and palpation, but if clinical and radiological features 
of pyloric stenosis are absent, a drainage procedure is 
not added even when considerable scarring is found.

The greater anterior gastric nerve of Mitchell 
(Mitchell, 1940) (anterior nerve of Latarjet; Latarjet, 
1921) is demonstrated, as it runs in the lesser omen
tum close to the descending branch of the left gastric 
artery (Fi^s. 1-3). It lies 0-5-1 in. from the lesser 
curvature, until it passes on to the anterior wall of the 
stomach 4-6  cm. from the pylorus. The nerve is 
usually seen easily and can always be demonstrated, 
even in obese subjects.

The distal two-thirds of the greater curvature is 
next mobilized by dividing the greater omentum, so 
that the posterior nerve of Latarjet may be seen and 
preserved. Its course (Fig, 2 (B) ) is similar to that of 
the anterior nerve, though in a more posterior plane, 
and its terminal filaments run caudally on the posterior 
wall of the stomach towards the pylorus. The  
next step is to free the stomach still further by 
dividing congenital adhesions between stomach and 
pancreas.

The lesser curve is now separated from the lesser 
omentum, within which the nerves of Latarjet run 
downwards to the antrum. The dissection begins 
near the incisura (see arrows^ Fig. 2) and proceeds 
upwards towards the cardia. T he gap between 
stomach and nerves being a mere 0*5-1 in., it is 
essential at this stage to use fine instruments and to 
avoid haemorrhage. Before they are divided, blood
vessels are ligated in continuity with fine thread on 
the omental side, while Kilner’s forceps are applied 
on the gastric side. T he anterior nerve of Latarjet
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is kept in view, and liberal use is made of the dia
thermy to coagulate small vessels, with fine forceps 
applied close to the stomach, as far from the nerve as 
possible. The vessels enter the lesser curve in two 
distinct leashes, one anterior and the other posterior; 
and since these leashes are best taken separately in 
the more distal part of the dissection, it is an advan
tage to have secured good access to the posterior 
aspect of the stomach. The anterior nerve of Latarjet, 
which is the direct continuation of the anterior vagal

aspirated, and the abdomen is closed. Operating 
time varies between 90 and 180 minutes, depending 
upon the build of the patient, and now averages 
about 120 minutes.

Three mucosal biopsies were taken from the middle 
of the anterior wall of the stomach in each of 15 
patients, in an attempt to define the position of the 
antrum -corpus boundary. The first biopsy was 
obtained 5-7 cm. from the pylorus at the junctional 
zone between innervated ‘an trum ’ and denervated

F i g .  I . — A n t e r i o r  n e r v e  o f  I _ a t a r i e t  a n d  b r a n c h e s ,  l e s s e r  
o m e n t u m ,  a n d  a d j a c e n t  l e s s e r  c u r v a t u r e  o f  s t o m a c h ,  p h o t o g r a p h e d  
a t  o p e r a t i o n  i n  a  s l i m  s u b j e c t .

trunk, approaches the oesophagus near the cardia and, 
together with the hepatic branches of the vagus, must 
be avoided by carrying the dissection obliquely up
wards and to the patient’s left across the front of the 
oesophagogastric junction. The anterior aspect of the 
oesophagus is cleaned of all nerve-fibres, down to 
bare longitudinal muscle, and finally its posterior 
aspect is laid bare in like manner. The technique in 
this region is similar to that employed in the perfor
mance of bilateral selective vagotomy, and the hepatic 
and coeliac branches of the vagi are, of course, also 
preserved; but it differs from selective vagotomy in 
that the lesser curve of the stomach is separated 
completely from the lesser omentum between cardia 
and ‘ incisura’, that is, to a point about 5-7 cm. from 
the pylorus (Fig. 3). A continuous catgut suture, 
uniting serosa in front to serosa behind, is some
times used to invert the raw lesser curvature in an 
effort to prevent regenerating nerve fibrils passing 
across from the lesser omentum into gastric muscle. 
The length of the portion of distal stomach that 
appears to retain its vagal innervation is measured 
with a sterile ruler, in the unstretched state. Finally, 
a number 14 French gauge polythene tube is inserted 
as a gastrostomy, with its tip directed up into the 
fundus to permit efficient gastric aspiration when the 
patient lies supine (Royle and Catchpole, 1967; 
Hector, 1968), the stomach around it is sutured care
fully to parietal peritoneum, any free blood is

A
Anterior nerve of Latarjet
B.
Stomach

F i g . 2 . — T h e  c o u r s e  a n d  d i s t r i b u t i o n  o f  b o t h  n e r v e s  o f  L a t a r j e t ,  
a s  s e e n  a t  o p e r a t i o n .  T h e y  r u n  p a r a l l e l  t o  t h e  l e s s e r  c u r v e  a n d  p a s s  
o n  t o  t h e  s t o m a c h  a b o u t  4 - 7  c m .  p r o x i m a l  t o  t h e  p y l o r u s ,  e i t h e r  
a s  o n e  n e r v e  o r  a s  s e v e r a l  t e r m i n a l  b r a n c h e s .  T h e  d i s s e c t i o n  
b e g i n s  a t  t h e  p o i n t s  i n d i c a t e d  a n d  p r o c e e d s  u p w a r d s  t o  t h e  c a r d i a ,  
l e a v i n g  t h e  p y l o r i c  g l a n d  a r e a  i n n e r v a t e d



JO H N S T O N  A N D  W IL K IN S O N : V A G O TO M Y  W IT H O U T  D R A IN A G E 291

corpus, the second 2 cm. more distally, and the third 
2 cm. more proximally. They were submitted to 
ordinary paraffin-section examination.

Postoperatively, the intravenous drip is discon
tinued after 24-36 hours. Free oral fluids are given 
on the third day and a light diet by the fifth or sixth 
day. Tests of gastric secretion are performed between 
the fourth and eighth days, after which the gastro
stomy tube is withdrawn.

G astric Secretory T ests.—These were per
formed before operation, 4-8 days after operation 
(using the gastrostomy tube), and again 3 months or 
more later. The methods used have been described 
(Johnston and Jepson, 1967) and the special pre
cautions necessary to ensure good recovery of gastric 
juice are well documented (Makhlouf, McManus, 
and Card, 1965). In 57 tests the efficiency of 
recovery of gastric juice was checked, using poly
ethylene glycol; the patient sipped 10 ml. of i per 
cent solution every 5 minutes and the amount present 
in the gastric aspirate was measured (Hyden, 1955). 
Acid concentration was measured by titration with 
N  10 sodium hydroxide to pH 7 0, using a Radio
meter Autotitrator. Spontaneous acid secretion, how
ever, has been expressed in terms of ‘free’ acid, 
titrating to pH 3 4. Pepsin concentration was 
measured by H unt’s (1948) method.

The unstimulated gastric secretion aspirated during 
the first 15 minutes of any test is designated ‘ resting 
juice’. Spontaneous, or basal, secretion is then 
collected for a period of 30 or 40 minutes.

Pentagastrin Test (Johnston and Jepson, 1967).— 
A dose of 6 pig. per kg. is injected intramuscularly in 
the preoperative test and 10 |i.g. per kg. in each test 
after vagotomy. Twelve collections of gastric secre
tion are made, each representing a 5-minute period 
of continuous aspiration. ‘Peak acid ou tpu t’ in mEq. 
per hour is calculated by multiplying the output in 
the peak 20-minute period by three. ‘T otal-hour’ 
output comprises all the secretion aspirated in the 
entire 60-minute period after the injection.

Insulin Test.—Twelve 15-minute collections of 
gastric secretion are made, 4 before the intravenous 
injection of 015 unit per kg. of soluble insulin and 
8 after. Specimens of venous blood are withdrawn 
30 and 45 minutes after the injection for blood- 
glucose estimation on the Autoanalyzer. Since the 
traditional Hollander (1946) criteria for a positive 
response are arbitrary, we have judged the response 
to insulin by multiple criteria, namely those of 
Hollander (1946) (rise of 20 mEq./l., or 10 mEq. 1 . 
if basal specimens anacid), Stempien (1962) (rise of 
o 25 mEq. in acid output in any one hour), Bachrach 
(1962) (basal acid output greater than 2 mEq. per hour 
or a rise of more than i mEq. in any one hour), and 
Spencer, Burns, Cheng, Cox, and Welbourn (1969) 
(rise of 20 mEq. 1 . in men and 15 mEq./l. in women). 
‘ Basal’ acid concentration is taken to be the mean of 
the acid concentrations of the four ‘ basal ’ specimens 
and is compared with the mean of the two highest 
consecutive concentrations after insulin, or with the 
single highest acid concentration if a consistent rising 
trend is apparent.

Antral Stimulation Test.— For exactly 15 minutes 
too ml. of meat broth (Giles and Clark, 1966) or of 
0 5 per cent acetylcholine chloride solution are placed 
in the empty stomach, then aspirated in the course of

5 minutes, after which gastric secretion is collected 
by continuous suction for 60 minutes.

Tests of Gastric Emptying.—The volume of ‘ resting 
juice’ in the stomach after an overnight fast provides 
a rough estimate of whether emptying is satisfactory 
or not. More elaborate tests involving the use of 
fluid test meals of saline and of hypertonic glucose 
are now being done and will be reported in detail later.

F i g . 3 . — H i g h l y  s e l e c t i v e  v a g o t o m y  h a s  b e e n  c o m p l e t e d .  T h e  
a n t e r i o r  n e r v e  o f  L a t a r j e t  i s  v i s i b l e  i n  t h e  l e s s e r  o m e n t u m .  
P a n c r e a s  i s  s e e n  i n  t h e  g a p  b e t w e e n  l e s s e r  o m e n t u m  a n d  t h e  
l e s s e r  c u r v e  o f  s t o m a c h .

RESULTS
C linical.—There was no mortality and little 

morbidity. Adequate clinical assessment is not 
possible because of the short period of follow-up. 
Two patients have unsatisfactory results at present 
because of poor appetite, weight-loss, and abdominal 
discomfort. The others eat normal-sized meals, do 
not vomit, and most of them have at least regained 
their preoperative weight. Two have mild dumping. 
Bowel habit is more constipated in some, slightly 
looser in others, and in most there has been no change.

There have been no complications from the use of 
the gastrostomy tube, unless its presence contributed 
to the incidence of wound infection, which was a 
lamentable 20 per cent. One patient bled a few hours 
after operation and was transfused with 3 pints of 
blood, but was not re-explored. Gastric retention 
has not been a feature and ileus has not persisted 
beyond the second day. The patients left hospital 
on average 11 days after operation (range 8-14 days). 
One man, who had a 25-year history of dyspepsia 
and was found to have considerable duodenal scarring 
at operation, was readmitted a week after his dis
charge from hospital because of repeated vomiting 
of food. The vomiting stopped when he was given 
a liquid diet. Two weeks later he was able to eat 
normally and he continues to do well. Another 
patient complained of difficulty in swallowing solid 
food in the early weeks after discharge, but this 
trouble also subsided spontaneously; barium swallow 
was normal.
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G astric E m ptying.— M ost of the patients are 

eating well, none complains of foul eructations, and 
only I is troubled by vomiting if she eats a large meal. 
The resting juice present in the stomach after an 
overnight fast was 9 4 ± S .E . 10 ml. before operation, 
61 ± 1 1  ml. I  week after, and 48 ± 6  ml. more than
3 months after operation. The results of more 
sophisticated tests of gastric emptying (to be pub
lished) suggest that a fluid test meal empties slightly 
faster after this operation than it did before operation, 
whereas in subjects who have undergone truncal or

. selective vagotomy with pyloroplasty the same test 
iheal empties a great deal faster postoperatively.

C om pleteness o f  Vagotom y.— This has been 
judged by insulin testing and by the evidence afforded 
by the mucosal biopsies.

1. Instdin Tests.—Each of the 25 tests, which were 
performed within 10 days of the operation, was nega
tive by all criteria, suggesting that vagal denervation 
of the parietal cell mass is complete. Blood-glucose 
concentration decreased to less than 50 mg. per cent 
in each test.

2. Gastric M ucosal Biopsies.— Eight of 15 biopsies 
taken at the presumed junction of innervated with 
denervated stomach consisted of antral tissue, but
4 were from the corpus and in 3 both types of mucosa 
were represented. All the biopsies taken 4-5  cm. 
from the pylorus consisted of antral tissue, whereas at 
9 cm. from the pylorus all biopsies were from the 
parietal cell mass.

G astric Secretion.—
1. Spontaneous Secretion.— Mean output of free 

acid per hour was 6 6d:S.E. i*i mEq. before opera
tion (19 patients), 0-45 ±0*10 mEq. 6 days after (25 
patients), and o*i3±o-o8 mEq. 3 months after opera
tion (11 patients). At 3 months, 8 of the 11 patients 
tested did not secrete free acid and the mean reduction 
was 97*3 per cent {Table I).

2. Pentagastrin-stim ulated Secretion.—
a. A cid  output (A .O .) : Compared with preoperative 

A.O., peak A.O. was reduced by a mean of 5 0 ± S .E . 
4 per cent at 6 days and 69 ± 6  per cent at 3 months 
after operation {Table I). ‘Total-hour’ A.O. was 
reduced by 55 ± 4  per cent at 6 days and 72 ± 6  per 
cent at 3 months. T he decrease in acid secretion 
between 6 days and 3 months postoperatively is 
statistically significant ( w = i i ,  t= 3*33 , P < o -o i) .  
Recovery of polyethylene glycol averaged 89 per cent 
before operation, 90 per cent in the early postoperative 
tests, and 81 per cent in tests performed more than 
3 months after operation.

b. Pepsin output'. Three months after operation 
‘total-hour’ output had decreased by 50 8 ± 8  9 per 
cent in I I  patients.

3. Response to A n tra l Stimulants (M eat Broth and 
Acetylcholine).—These tests have not yet been 
repeated 3 months or more after operation. The 
mean acid response to meat broth was 55 per cent of 
the maximal pentagastrin acid output (M .A.O.) in 
11 tests before operation, and 20 per cent of the post
operative M .A.O. in I I  tests after operation. T he  
response to acetylcholine was 27 per cent of M .A.O. 
in  12 preoperative tests, but only 3 per cent of the 
M .A.O. in 6 tests after operation. For comparison, 
the acid response to meat extract 7 days after truncal 
or selective vagotomy and pyloroplasty was 11 per cent 
of the maximum in 4 patients.

D ISC U SSIO N
Final judgement on this operation for duodenal 

ulcer must be reserved until the incidence o f recurrent 
ulceration is known, but these early results are most 
encouraging. The insulin tests were all negative by all 
criteria in the early postoperative period, and reduc
tion in the maximal acid response to pentagastrin of 
70 per cent is the same as is found after truncal or 
selective vagotomy with drainage (Multicentre Study, 
1967; Jepson, Lari, and Johnston, 1968; Mason, 
Giles, Graham, Clark, and Goligher, 1968). The  
follow-up period is too short to permit any useful 
assessment to be made o f the clinical results, but the 
patients’ progress overall has been satisfactory. One 
patient complains of weight-loss and another is 
troubled by inability to eat full meals and by occasional 
vomiting. T he others are eating well, not vomiting, 
and most have regained their preoperative weight. 
Dumping and diarrhoea are either absent altogether 
or are of very mild degree.

The evidence for good gastric emptying after highly 
selective vagotomy is largely clinical at present, and 
thus perhaps unreliable, but it is loiown that resting 
juice in the stomach is reduced by 50 per cent. Also, 
tests of gastric emptying now in progress have so far 
confirmed the clinical impressions. Finally, it is note
worthy that studies o f gastric emptying in dogs, none 
of which had had a drainage operation, revealed no 
gastric retention after highly selective vagotomy, 
whereas after truncal or bilateral selective vagotomy, 
severe and moderate degrees of stasis respectively 
were found (Amdrup and Griffith, 1969a; Shiina and 
Griffith, 1969).

The evidence for completeness of the vagotomy in 
all cases, as provided by the insulin test, is gratifying, 
but there can be little doubt that some positive 
responses will be discovered on retesting at a later 
date. Certainly the histological reports on the 
mucosal biopsy specimens suggest that a narrow cuff 
of distal parietal cells has been left innervated in some 
cases. This has prompted us to define the antrum- 
corpus boundary routinely at operation, by means o f 
the indicator dye Congo Red, which turns black when 
it is in contact with acid-secreting mucosa (Moe, 
Klopper, and Nyhus, 1965). T he insulin test was 
positive, though wealdy so, in many of the dogs after 
highly selective vagotomy (Griffith and Harkins, 
1957; Amdrup and Griffith, 1969a, b). In man, a 
negative response to insulin in the early postoperative 
test is no guarantee that reversion to positive will not 
occur later (Mason and Giles, 1968 ; Gillespie, Elder, 
Gillespie, Kay, and Crean, 1969). In our own series 
the insulin test has been repeated in only 2 patients. 
It was negative in i ,  but early positive in the other, 
though the acid response to insulin was small. None 
the less, the large and significant decrease in acid 
output that takes place between 6 days and 3 months 
postoperatively indicates that widespread reinnerva
tion of the parietal cell mass has not taken place in 
our patients.

That the achievements of current methods of 
surgical treatment for duodenal ulcer leave consider
able room for improvement was suggested by tlie 
report of Goligher, Pulvertaft, de Dombal, Clark, 
Conyers, Duthie, Feather, Latchmore, Matheson, 
Shoesmitli, Smiddy, and Willson-Pepper (1968a), 
which showed that the results of truncal vagotomy and
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pyloroplasty, when assessed 2 years postoperatively, 
were significantly worse than those of either Polya 
partial gastrectomy or vagotomy and antrectomy at 
the same period after operation. Although this parti
cular comparison was made in ‘ non-randomized ’ 
series o f patients, the results o f a prospective con
trolled trial (Goligher and others, 1968b) also revealed 
that, 5-8 years after operation, patients were faring 
worse after vagotomy and gastro-enterostomy than 
after either Polya gastrectomy or vagotomy and 
antrectomy. Other recent reports (Dellipiani, 
MacLeod, Thomson, and Shivas, 1969; Kennedy 
and Connell, 1969) stress the high incidence of side- 
effects, such as epigastric fullness, dumping, and 
diarrhoea, which is found in patients after vagotomy 
witli a drainage procedure.

If change is needed, it is by no means clear what 
direction it should take. A return to the routine use 
of Polya gastrectomy would be unthinkable, because 
of the increased operative mortality and the greater 
incidence o f weight-loss, anaemia, and bone disease 
in the long term. Vagotomy with antrectomy yields 
excellent results in some hands (Scott, Sawyers, 
Gobbel, Herrington, Edwards, and Edwards, 1966) 
but combines many of the disadvantages of vagotomy 
and of gastrectomy. One is thus driven to try to 
discover why vagotomy with drainage fails, and to 
attempt to remedy the defects while retaining the 
good features.

M uch recent evidence points to the drainage pro
cedure, rather than the vagotomy, as being the cause 
of many of the poor clinical results. Pyloroplasty, for 
example, destroys the co-ordination of motility in the 
antrum and the proximal duodenum and weakens the 
propulsive power of the antral musculature (Ludwick, 
Wiley, and Bass, 1969). In the dog it is responsible 
for increased losses of fat in the faeces, whereas 
vagotomy alone produces no such change (Wastell,
1966). In man, gastric emptying o f a test meal of 
mashed potato was delayed after pyloroplasty alone 
and after vagotomy and pyloroplasty (Buckler, 1967). 
In direct contrast, George, Connell, and Kennedy 
(1968) and McKelvey, Connell, and Kennedy (1969), 
using the multiple-sampling teclmique o f George
(1968), have shown that gastric emptying of a fluid 
meal is much faster after vagotomy and pyloroplasty 
than before operation, that intestinal transit time is 
diminished, and that these changes are particularly 
marked in patients who are troubled by ‘post
vagotomy’ diarrhoea. Differences in the consistencies 
of the test meals used cannot explain these conflicting 
results, since Colmer, Davies, Owen, and Shields
(1969) found that a normal, albeit radioactive, break
fast emptied much faster after vagotomy and pyloro
plasty (at least in the first 20 minutes after the meal) 
than it had done before operation. T he work of 
Colmer and others (1969) and McKelvey and others 
(1969) suggests that thé reservoir function of the 
stomach is severely impaired after vagotomy and 
drainage operations, or, as the latter authors pithily 
put it: ‘ the stomach is incontinent’. This provides 
an explanation for many of the patients’ complaints—  
the inability to eat large meals and hence weight-loss, 
nausea, epigastric fullness or discomfort after meals, 
early dumping, and post-cibal diarrhoea. Normal 
gastric emptying depends upon the existence of an 
anatomically—and physiologically—normal antro-

pyloroduodenal segment (Thomas, 1957), and it 
seems obvious that avoidance of interference with that 
segment would be a highly desirable feature of any 
new operation for peptic ulcer.

Preservation of a normal antrum, pylorus, and 
duodenum should carry other advantages. For 
example, this region is the site of the physiological 
‘brake’ on gastric motility (Thomas, 1957) and 
secretion in man (Griffiths, 1936; Shay, Gershon- 
Cohen, and Pels, 1942; Gillespie, 1959; Koster and 
Rune, 1963 ; Johnston and Duthie, 1964, 1965, 1966, 
1969). The secretory inhibition probably has both a 
nervous component (Code and Watkinson, 1955; 
Iggo, 1957; Sircus, 1958; Johnston and Duthie, 1966, 
1969) and a humoral component (Woodward, Lyon, 
Landor, and Dragstedt, 1954; Greenlee, Longhi, 
Guerrero, Nelsen, El-Bedri, and Dragstedt, 1957; 
Andersson, i960, 1963, 1969; Kamionkowski,
Grossman, and Fleschler, 1964; Wormsley and 
Grossman, 1964; Johnston and Duthie, 1966). 
Inhibition o f motility is also neurohumoral in nature 
(Thomas, 1957). T he passage of acid on to the 
antrum and of acid chyme into the duodenum  
activates the braking mechanism. By contrast, 
gastric acid secretion increases greatly if  the antro- 
pyloroduodenal segment is by-passed (Uvnas, 
Andersson, Elwin, and Malm, 1956). T he protective 
effect of a retained antrum in the acid stream is 
illustrated by the fact that dogs subjected to a 50 per 
cent resection of the parietal cell mass are significantly 
less likely to develop histamine-induced ulcer if  the 
antrum is left in the acid stream than if the antrum is 
excised (State, Katz, Kaplan, Herman, Morgenstern, 
and Knight, 1955; State, i960). This protective 
effect of the antrum may be due to the fact that ‘ the 
antrum in an acid environment will inhibit gastric 
secretion, whether it be of vagal, antral or intestinal 
origin’ (Shimizu, Morrison, and Harrison, 1958). 
Such a beneficent role contrasts with the dire effects 
of a retained antrum that is excluded from the 
acid stream (von Eiselsberg, 1920; Devine, 1925; 
Finsterer and Cunha, 1931). T he profuse secretion 
of mucus in the antral region of the stomach 
(Jennings and Florey, 1940; Menguy and Thompson, 
1967) is no doubt also a protective feature. In an 
important recent paper. Hart (1968) has reported 
that the vagal antral nerves (of Latarjet) mediate 
inhibition of gastric acid secretion. In summary, 
when vagotomy is confined to the parietal cell area, 
the natural defences against ulceration, which are 
weakened by the more conventional types of opera
tion, are kept intact.

The basic problems, then, are that total gastric 
vagotomy, whether truncal or bilateral selective, 
produces gastric stasis (Dragstedt, Harper, Tovee, 
and Woodward, 1947; Shiina and Griffith, 1969) 
and that drainage procedures designed to relieve the 
stasis produce side-effects of their own. The logical 
deduction from these data led Griffith and Harkins 
(1957) to experiment with a ‘partial gastric vagotomy’ 
(selective vagotomy of the parietal cell area) in dogs. 
They concluded that the operation was effective in 
denervating the parietal cell mass, did not produce 
gastric stasis, and could be applied clinically. Later 
experiments (Amdrup and Griffith, 1969a, b) con
firmed both the absence of gastric stasis and also the 
fact that the insulin response was either very small or



JO H N S T O N  A N D  W IL IC IN S O N : V A G O T O M Y  W IT H O U T  D R A IN A G E 295
entirely absent. By contrast, both truncal and 
bilateral selective vagotomy without drainage pro
duced marked delay in gastric emptying (Shiina and 
Griffith, 1969). In man, preservation of an innervated 
antrum in the acid stream was pioneered successfully 
by Ferguson, Billings, Swensen, and Hoover (i960). 
Some widening o f the pyloric region was judged 
necessary in only 28 per cent of their 185 patients 
with duodenal ulcer: in the remainder no drainage 
procedure was used. At follow-up, dumping was 
noted to be absent or very mild and the recurrent 
ulcer rate was 4 per cent. The physiological studies 
of Hart (1968), showing the inhibitory role of tlie 
nerves o f Latarjet, have been pursued in conjunction 
with clinical studies (Holle and Hart, 1967; Holle,
1967) in which the antrum has been left innervated 
in several hundred patients; but it appears that a 
concomitant drainage procedure or resection is 
invariably added. Bilateral selective vagotomy with
out a drainage procedure has been used by Burge, 
MacLean, Stedeford, Finn, and Hollanders (1969) 
in treating more than 100 selected cases o f duodenal 
ulceration. Studies of gastric emptying (Shiina and 
Griffith, 1969) and motility (Wohlrabe and Kelly, 
1959; Stavney, Kato, Griffith, Nyhus, and Harkins, 
1963) in dogs subjected to bilateral selective vagotomy 
without drainage suggest, however, that antral motility 
is much reduced and that gastric stasis is severe in 
some cases. A trend towards gastric stasis is dis
cernible in the radiological studies performed on the 
patients of Burge and others (1969), but their clinical 
progress has on the whole been satisfactory.

The most controversial feature of highly selective 
vagotomy is undoubtedly the retention of an inner
vated antrum, because accepted teaching has been 
that if  the antrum is to be retained at all, it should 
be well drained, should lie in the acid stream, and 
should be vagally denervated (Nyhus, Chapman, 
D e Vito, and Harkins, i960). T he first two conditions 
are satisfied. As to the necessity for vagal denervation, 
it would appear that, in man, the antrum has been 
left vagally innervated with impunity in many 
hundreds of operations for duodenal ulcer (Ferguson 
and others, i960; Holle and Hart, 1967). In our own 
cases the acid response to meat extract was only 
20 per cent of the maximum acid output after opera
tion, compared with 55 per cent before operation; 
and the response to acetylcholine solution was 
reduced from 27 per cent of the maximum acid output 
preoperatively to a mere 3 per cent after operation. 
Thus, we think that antral stasis is unlikely to occur, 
that gastrin release will be inhibited in part by contact 
of acid with the antral mucosa, and that such gastrin 
as is released must act upon vagally denervated, and 
hence less sensitive (Uvnas, 1942), parietal cells.

In conclusion, it seems fair to say that traditional 
surgical operations for duodenal ulcer have involved 
an aggressive attack on the nervous and humoral 
mechanisms responsible for stimulating gastric 
secretion. The importance o f preserving the natural 
defence mechanisms in the antrum and duodenum  
has received scant attention, while the pyloric 
sphincter and the related antrum and duodenum, so 
important for maintaining the ‘reservoir’ function 
of the stomach and for controlling gastric emptying, 
have been sacrificed with little thought for the con
sequences. T he results presented here appear to

justify a new surgical approach, which is strictly 
confined to interruption of the vagal nerve supply to 
the acid- and pepsin-secreting area, while the vagal 
innervation of tlie antrum, pylorus, and duodenum  
is carefully preserved. There is no interference with  
the integrity o f the stomach and no drainage pro
cedure is deemed necessary. Acid and pepsin outputs 
are reduced as effectively as in the conventional 
operations, but there is less interference with mechan
isms that normally protect against peptic ulceration. 
Gastric emptying should be almost normal.
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COMMENT

This is tne first paper in the world literature on vagotomy 

confined to the parietal ceil mass (liSY) without a drainage procedure 

in man. The findings of satisfactory gastric emptying and of large 

reductions in acid output (as large as after truncal vagotomy) imve 

been amply confirmed by all our subsequent work. The reduction in 

maximal acid output in patient numberl^ (Table I) three months after 

H8¥ was 56 per cent, not 92 per cent as stated, and the mean reduction 

at three months was therefore 66 per cen t.

The firs t attempt at Ii8¥ in December 1968 Imd failed 

because, instead of disBecting in the plane just outside the muscular 

layer of the lesser curvature, I dissected upwards from the incisura 

in the plane between the muscle and the mucosa, attempting to perform 

a myotomy, in order to be quite surr of preserving the nerves of 

Latarjet. The plan was to stay in this plane as far as the cardia, but 

to dissect around the oesophagus outside the muscle layer in the 

usual, way. However, this procedure proved to he difficult and 

haeniorrhagic, and vMle the anterior wail of the stomach was probably 

denervated successfully as far as the antrum, 1 got into difficulties, 

perforated the gastric mucosa in two places, and eventually performed 

a posterior truncal vagotomy. The patient had a late-positive (second-



hoitr) response to Insulin soon after operation, font has done very 

well clmleallyo After this debacle, I decided to dissect outside the 

muscular layer of the gastric wall, but to stay xrery close to it, and 

to the muscle of the lower oesophagus, hoping in this way to avoid 

damaging the nerves of Latarjet and the hepatic and eoeliac branches*

Ï have not made a practice of identiiying the vagal truiAs, or the 

coeliac branch, preferring to keep well away from them* In the 

absence of a, test for the integrity of the hepatic and coeliac vagal 

fibres, I am at present unable to prove that they have been spared* 

While I would admit the possibility that the coeliac branch may 

occasionally have been damag;ed inadvertently at the time of HS¥, Ï 

feel sure that in the great majority of patients damage to the extra™ 

gastric vagi, tes  been avoided* Adi the same, proof would be preferab

le* In January of 1969 I performed three Mg;hiy selective vagotomies, 

but in.tw ; id these patients a small wedge resection of the parietal 

cell mass was added, the triangle of tissue being based on the greater 

curve. These patients have also done well clinically*

Examination of the mucosal biopsies suggested trnxt a 

small distal cuff of parieta.1 cell mass was being left innervated 

in many patients, although this was impossible to prove because one 

could not define the exact cliatributlon of the antral nerve fibres which



were preserved* For reasons which are explained in the concluding 

Chapter, we have yet to be convinced that ^^antral mapping*' by means 

of the Congo Red test or the pH probe is necessary* After a brief 

flirtation with the Congo Bed rest at ten Hxj¥ operations, we found it 

to be a fickle Jade, at least in our hands, because it did not invariably 

outline the antrum ciearty, and we abandoned its use*

The sceptical reader might well jib at the phrase in the 

introduction "inhibition is still lively" (i.e . hiblbition from the antrum 

and duodeiiLim, after Hd¥)* As will ba shovm later, inhibition of 

antral release of gastrin does appear to be "lively" after ESV, because 

spontaneous acid output is low, vagal stimulation by insLiiin-hypo- 

giycaemia elicits only small acid outputs, and the response to a test 

meal of meat extract is no greater tten the response which is found 

after truncal vagotomy with a drainage procedure* Whether inhibition 

of gastri... f̂̂ etion from the duodenum after B'SV is "livelier" 

than after truncal vagotomy is not clear, and this theme receives 

. i/tention later in the thesis*



CHAPTER 3

SPONTANEOUS ACID OUTPUT

PART I: Serial tests  of BAO before, and for up to two years
a fte r, HSV.

PART 11: A comparison of the effects of truncal, selective
and IiiglUy selective vagotomy on BAO.



CHAPTER 3

SPONTANEOUS ACID OUTPUT

PAET I : Serial teats of BAO before and for up to two years a fte r HSV

The term  "spontaneous" is p referred  to "basal", acid output, 

because unstimulated secretion from the stomach was m easured after 

the patient had fasted for only 8 to 10 hours overnight. Thus, he could 

not be claimed to be in a  basal sta te . The contraction, "BAO", howeverj 

will be used, because it iias acquired I’espectability through use and

WOUto

Inappropriate, excessive secretion  of "spontaneous" acid is a
1well-imown cim racteristic of patients with duodenal u lcer . Such 

hypersecretion may continue ttooughout the night, when the stomach is 

empty. While norm al people secre te  0 to 9 mEq per hour of BAO, with 

a mean in healthy adults of about 2.5 patients with duodenal u lcer 

secre te  0 to 20 or m ore mEq per hour, with a mean of 6 mEq per hour. 

Both of Dragstedt and Owen’s original patients had spontaneous hyper- 

secretion  , a s  shown by continuous aspiration of the stomach for 12 hours 

overnight, but afte r transthoracic truncal vagotomy the hypersecretion 

was abolished. Subsequently, it has been shown on many occasions that 

vagotomy, whether truncal or b ilateral selective in type, with a  drainage



procedure, reduces BAO by between 60 and 85 per eent^”*̂* Borne of 

the previous studies were flawed, however, by the fact that m easurem ent 

o f  BAO was performed too b o d e  (within 10 days) after operation. Ideally,, 

such tests  should be deferred until a t least one year lias elapsed from 

the time of operation. In other it is  im possible to tell whether

vagotomy was complete or incomplete, because resu lts  of insulin tests  

a re  lacldng. M easurement of BAO after HB¥ was of g reat in terest for 

a  variety of reasons. F irs tly , one wished to Mow whether HSV reduced 

BAG as  effectively as did truncal or selective vagotomy with a  drainage 

procedure. Secondly, if low levels of BAO w ere found afte r HSV it 

would suggest that gastrin  re lease  from the innervated antrum was not 

excessive, whereas the finding of high levels of BAO would suggest tiiat 

circulating levels of gastrin  were high. High gastrin  levels could resu lt 

from  vagal stimulation of the antrum via the intact nerves of L atarje t, 

from an tra l s ta s is , or perhaps from both of tliese factors. If an tra l 

s tasis  did ex ist, its presence would ba revealed in the course of the 

tests  by the finding of large volumes of resting  juice and of food residues 

in the stom ach.

For these reasons, the simple m easurem ent of spontaneous 

secretion might be expected to give a good guide to the eventual success



or failure of H8¥. Indeed, in the past, failure of inadequate

operations for duodenal u lcer could probably have been predicted

on the basis of m easurem ents of BAO. For example, after the
8 9antral-exchislo 1 operation of von E iselsberg and Devine , gasti'in

release from  the antrum was exeesoive, and hence BAO was high.
10

Again, gastroenterostom y alone did not reduce BAO significantly.

Finally, in patients who develop recu rren t ulceration after incomplete

truncal or selective vagotomy with a drainage BAO is

usually found to foe high (see Table IV, p^oi ).
11In our prelimiimry paper ' , a  mean reduction of 97 per cent 

in "free" BAD (to pH 8.5) 3 months after HS¥ was reported, in 11 

patiants. No fewer tlian 0 of the 11 failed to secre te  spontaneous free 

acid. It remained for us to ca rry  out se r ia l tests  of BAO for up to 

2 years a fte r highly selective vagotomy.

METHOD

Patients BAO was measured before, and for up to 2 years a fte r, 

HSV, in 57 patients. 50 patients were studied both before operation and 

4 to 8 days after operation. Thereafter, 41 patients returned for further 

tests of BAO, between 3 and 24 months after HSV* 17 patients were 

tested both a t 3 months and a t 12 «* 24 montlis a fte r HSV. 8 were tested



both 6 - 1 2  months and 12 - 24 months after HB¥. BAO was m easured 

67 tim es in 39 patiente more than one year a fte r HSV. The patients 

who returned for testing were representative of the entire group of 

patients treate"^ by HSV, with respect to age, weight, sex, p re -  and 

post-operative maximal acid output and clinical (Visick) status (TableX ) 

Teclmique Testa were performed in the morning after the patients 

had fasted overnight. The methods used were standard (Chapter 4 

F a rt Ii)e The f ir s t  16 minutes were spent in the aspiration of "resting 

juice", after which spontaneous secretion was collected, in m ost te sts , 

BAG was collected for 60 minutes, but in about 10 per cent of tests it 

was collected for 30 -4 0  minutes only. T itration of acid was to the 

twin end-points of pH 3.6 and pH 7 .0 . BAO was expressed as mEq of 

"free" acid and as mEq of **acid" respectively*

RE8HLT8

Except where specifically stated, figures quoted re fe r  to 

spontaneous acid output to pH 7.

BAO was reduced by a mean of 89 per cent at 1 week, 92 per 

cent a t 3 months, 83 par cent a t 9 months and 76 per cent a t 12 to 24 

months afte r HBV (Fig.I , Table I). The increase in BAO between 3 

months and 12 - 24 months after H8V was statistically  highly significant



SERIALTESTS OF SPONTANEOUS ACID OUTPUT AFTER HIGHLY SELECTIVE VAGOTOMY

m E q 
p e r  h o u r 6.

Pre- IWeek 12 246 122 3
Op Post-Op

MONTHS AFTER HIGHLY SELECTIVE VAGOTOMY

Figo 1 Mean outputs (+ 1 SE) o f  "free" acid after HSV in 
patients in Leeds (I,) and Copenhagen (C) « data from 
the latter patients by courtesy of Professor E. Amdrup. 
The mean reduction more than one year after HSV is about 
80 per cent* There is little difference between the 
results from the two centres*



(17 paired tests: mean increase 0,74 mEq 1 1 S.E* 0,177, 

t « 4.169, p ^0 ,0 0 1 ), In 50 tests before operation, mean BAO was 

7,01 (free) and 8*27 mEq  per boar. More than one year after HSV, in 

67 tests on 39 patients, mean BAO was 0,99 (free) and 1,54 mEq per 

hour. No free  acid was present in the spoxitaneoiis ga,strie secretion in 

27 of these 67 te s ts . Very sm all reductions in BAO were recorded in 

a few patients whose BAO was low before operation (Table I), If 7 

patients with a  pre-operatiTO BAO of less than 3.1 mEq per hour a re  

excluded, the mean reduction in BAO in the rem aining 30 patients was 

83.75 per cent. The mean reduction in *free’ BAO more than one year 

after HSV was 82 per cent*

DRSCU88ION

Spontaneous (free) acid output was reduced by a  mean of 

82 par cent, in 39 patients who were tested m ore than one year after 

HSV, 11 of the 39 patients imd no free  acid in the ir spontaneous 

secretion a t that tim e, and 20 of the 39 liad no free acid in a t least one 

te st m ore than ouu ^ear after HBV. Free acid was absent in 27 of 67 

teats of BAO, m ore tlian one year after HBV. When titration was talmn 

to pH 7, the mean reduction in BAO was 76 per cent, or 84 per cent if 

patients with low pre-operative BAO were excluded. These reductions



are  a t ieaet as great as those reported previously in patients after 

ii’imcal or b ilateral selective vagotomy with a drainage procedure^^"^"*^ 

(see P a rt II). It is not Imowu a t present whether BAO continues to 

increase beyond 2 years after H8¥, but since pentagasti'in^stlmulated 

M.AO does not increase after 1 year, it seem s imlilæly tiiat BAO will 

go on rising*
12In Copenhagen, 18 patients of A m d r u p " Ixad a  mean ’fre e ’ 

BAG of 1.37 mEq per hour , and a mean BAO  ̂ . 14 mEq per hour, m or

than one year afte r ’^parietal-cell*^ vagotomy without a  drainage procedure 

This operation differs from E8V only in the respect timt the antrum is 

accurately **mapped^* a t the time of operation. The mean reduction in 

’f re e ’ BAO was 78 per cent. The reduction in ’to tal’ BAO (to pH 7) could 

not be calculated because ’to tal’ BAO had not bean estim ated p re - 

operatively.

In view of tliase large reductions in BAO after HS¥, it would 

appear timt gaetrhi re lease  is probably not excessive in the fasting 

patient a fte r HSV, and gastric  stasis  is unlilœly to be present. The 

la tter suggestion is supported by the studies of gastric  emptying afte r 

HSV (vide infra), and also  by the fact that food residues were not found 

in the resting  juice after the patients had fasted overnight. Volumes of 

resting juice were sm all.



The possible reasons for the significant increase in BAO 

between 3 - 12 months and 12 - 24 months after IIBV will be discussed 

in a la ter G topter. Here, one would m erely state  timt pentagastrin- 

and insulin-stim ulated acid outputs also increased significantly, and 

timt partial vagal re-innervation of the parietal ceil m ass seem s to be 

the Dlceliest explanation «

(EEFEBBNCEB AT TEE END OF PART II)
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SPOOTANEOÜS ACID OUTPUT

PART H: A comparison ox the effects of truncal, aelective and
Mglily selective vagotomy on BAO

To malæ a  statistically-valid  comparison between the effects 

of the three types of vagotoxny on BAO is a t present vü’tually im possible. 

The variables a re  too numerous. Thus, some autliors collect BAO for 

3.2 hours overnight, some for 2 hours, for one hour, or fox' half an hour.
fî

Acid is titrated  variously to pH 3 .5 , to the ’Topfer’ end-point, to pH 7, 

or to the ra ther shifty end-points provided by the indicators phenol red 

or phenol.phtlmlein. The secretory  tests may have been done weeks, 

months or years afte r operation, and precise details of the tim e- 

Interval a re  often iacMng. Again, resu lts  may be expressed as a r ith 

metic means, plus ox' minus one standard e r ro r  o r deviation, without 

details of the resu lts  for individual patients being supplied. Ho doubt 

the patients differ from city to city and from one country to anothsx', 

and assuredly the surgeons also differ in their degree of teclmical 

ex p ertise . The of Insulin tests give some guide to the la tte r

factor, but often insulin teste were not Joue.

Nonetheless, even although any conclusions reached must 

necessarily  ba tentative, the compaxdson of BAOs after the ttoee types



of vagotomy is an interesting one to make. In the main, comparison 

of BAO after H8¥ is made with BAOs at'tex’ TV or S¥ as reported by 

authors who gave resu lts  for individual patients. In addition, BAO 

more timn one year afte r H8V Iiae been compared with BAO m ore than 

one year afte r truncal or selective vagotomy with drainage, in patients 

a t Leeds who were in good health.

METE^'

Eeview of the literatu re  Most authors iiad collected BAO for a  

period of one hour. The varying titration end-points a re  shown in 

Table II. In many papers, details of age, sex  and weight for individual 

patients were not given.

Patients in Leeds BAO was collected as described elsewhere (p fot ) 

more than one year after HSV in 39 patients, m ore than one year after 

TV-hP in 26 patients, and more than one year afte r SV-i-P in 16 patients. 

In addition, the BAOs of a  further 18 patients who had undergone SV 

without drainage more timn one year previously (see Chapter ) were 

available for analysis. All patients tested m ore than one year afte r 

vagotomy were in good health (except for one HS¥ patient), and free 

from  symptoms of gastric  s ta s is .



EEGULTS AND DI8CU88ION

E ffect of truncal vagotomy on BAG (review of the literature) The 

resu lts  a re  sum m arized in Table il, a t the foot of which the resu lts  

in E8V patients a re  given for comparison. The findings of D ragstedt, 

Woodward and their colleagues in 1949 - 50 in studies of i24iour 

overnight secretion  In patients who tod undergone TV without a  drainage 

procedure, were little different from those of subsequent w orkers v/ho 

m easured BAO for one hour in patients who haa undergone TV with a 

drainage procedure. Before TV, mean BAO ranged from  about 4 .4  to 

0 .4  mEq per hour. It should bs noted, however, t to t in the mid-19603, 

m ost authors began to quote resu lts  m term s of ’*totaP* BAO (to pH 7 -8 ) ,  

Instead ox "free” BAO to pH 3 .5 , and hence the e a rlie r  data a re  "falsely" 

low. Bi the early  weelm after TV, with or without drainage, m ost 

authors recorded a mean BAO in the range of Ô, 7 to 1.3 mEq per hour, 

and the (arithm etic) mean percentage reduction in BAO ranged from  

54 to 83 per cent, witlx a  median of about Ti per cent (Ta&e E ).

BAO one week afte r TV Comparing ’f re e ’ BAO eoon afte r M8¥

(0.3 j - 0 .1  mEq per hour) with ’f re e ’ BAO afte r TV-i<lJ ^ (0.8 4- 

0.1 mEq per hour), the difference is statistically  significant (p^O .O l, 

Table VI), if une malms tlie assumption that the two gx’oupa of patients



are comparable. However, when BAO soon after HBV was compared
IB-IR

with BAO soon after TVfP /  OJ in 54 patients, 49 of whom had

negative insulin tests, the difference was not statistically significant
6(Table VI). In another thorough study, Bank, Marks and hoxm  found 

tlrnt TV-i-P /  GJ reduced mean BAO from 4 .7  3 .7  m E q  per hour

to 1 .8  F B.D. 1 .9  mEq per hour, a mean reduction of only 62 per cent. 

However, insulin testa which were performed in 13 representative 

patients suggested tliat the incidence of incomplete vagotomy in this 

large series of truncal vagotomies may have been as Mgh as 32 per 

cent. Since BAO for each individual patient was not given, statistical 

analysis of the difference between BAO after HSV and BAO after 

TV+P /  GJ in the series of Banlc et a l. was not possible.

BAO 3 months after TV That the higher mean BAO after TV than 

after HSV may not be attributable entirely to incomplete TV is suggested
1Q Oft 7

by the findings of Bank et a l . (1966) , Konturek et a i. ‘ and Dignan ,

who measured BAO about 3 months after operation, and also gave the 

results of the insulin tests. For example, mean BAO in 12 of Bank’s 

patients who Iiad proven complete vagotomy was 2 .5  mEq per hour 3 

months after TV+P /  GJ, a mean reduction of only 00 per cent. Similar 

findings were recorded by Konturek et a l. (mean BAO 3 .0  -i- 0.9 mEq



pï)r hour 3 months Mtor oompleto TVf B In 12 pâtionts: mean reduction 

not quoteuj, but probably about 50 per cent since mean BAO before 

operation was 6 ,7  mEq per hour in 20 different patients), and by 

Dignan (mean _.. O 1 mEq per hour lu 10 patients with negative

te sts  more than 8 weeks after moan reduction 86 per
P\cent). A diacorcîant finding was timt Jor^mn and Condon'^', who found

Wmt mean BAO 6 months after TV’-̂ P was only 0,8 xnBq per hour,

compared vMli 4 .6  mEq por hour before operr"'--^ ' and this despite

the fact that 50 par cent of lae .^aaente developed positive responses to

insulin. However, these authors did not give the raaults for indWdmi

[mtieuta, the numbers of patienta from which the mean data ware derived

wore not given, and the miuemlly large mean reduction found in histalog"

stimulated MAO (from 32 to 8 mEq, par hour: contrast the 50 to 60 per 
reduction

oeal/m MAO found in our o w e  and other labor^itorlea - Ctepter 4 ) 

suggosts that the large reduction in BAO may a lso  ba atsapecfc* Thus, 

review of the lite ra tu re  augg-aato ttot the mean psrcoatago reduction in 

BAO) three months after TV vMh drainage, ie between 00 and 70 par 

cent in patients with negative Inauiln tea te, and the actual mean BAO 

ranges from :LB to 3.0 xnEq per hour.

B' contrast, mean BAO 8 months after HSV was 0.8 mEq 

par hour, Xii ÎB patiente, and the mean reduction waa 92 per cent.



Mean BAO after HBV was BigÆcantly lower (p^O .05) tlian after 

TV'hP and 8VfP combined, In 30 patiente from Dignan’s se ries  who 

had negative insulin tests (Table VI). Again, it must foe pointed out 

that tills comparison may not foe a valid one: the se rie s  of patients 

may not foe comparable (Dignan’s patients were on average 6 years 

younger and 4 kg* heavier than ours): Dignan’s use of phenol red  as 

indicator may have produced a slightly Mgher reading for acid concen

tration than titration to pH 7 in our se rie s , and finally, comparison of 

acid outputs 1 week to 3 months after HSV v/itli acid outputs m ore than

0 weeks after TVfP in Dignan’s se ries  might foe challenged. The 

comparison seem s justifiable, however, because mean BAO afte r HS¥ 

did not change between 1 week and 3 montto, whether one considers 

the mean data for 50 patients a t 1 week and for IB patients a t 3 months 

(Table I), or the dat&i ivr tae la tte r 18 patients a t both 1 week and 3 

months (mean BAG 0.6 ± 0 .2  mEq par horn? a t each time - interval 

after HSV).

BAO m ore than one y to r  a fte r TV Detailed resu lts  were given by
KiPiMtn ii i. iy  .,.1# *  , i , w  ii#wi iT, 11,..<»# i— i     ............ innnri ip ■iinii.. , i

Gillespie e t a l. % who compared BAO soon afte r TVfP  /  GJ with BAO

1 to 4 years la te r. To avoid bias against TV by the Inclusion of 

excessive numbers of patients with positive insulin te s ts , we selected 

the data for 30 patients who had negative insulin tests soon after TV,



plus those of 4 representative patients with late-positive insulin tests 

soon after TV (nos* 2 and 3, their Table 3; and nos. 9 and 19, their 

Table 4) and of 1 patient m th  an early-positive insuliu test soon after 

TV (no. 8, th ey  Table 5). Mean BAO in these 35 patients was 1.65 ^

0.31 mEq per hour, 1 - 4  years axior TV. This is  little different from 

the mean BAO more timn one yeax' after HB¥ of 1.54 jr 0.21 mEq per 

hour.

A somewhat different picture was found in 28 patients in Leeds
•PH»* WC» #fw «tfw* m### m

whose BAO was m easured on average 25 months after TV-fP (Table M ). 

These patients were in good health. Their mean BAO was found to be 

3.39 + 1.07 mEq per hour. Two patients who were in perfect health 

had BAO of 27 and 16 mEq per hour respectively . U resu lts  for these 

two patienta a re  excluded, mean BAO was 2 .0  + 0 .4  mEqper hour, which 

is not significantly g rea ter tton the mean BAO of patients after HBV

Effect of b ilateral selective vagotomy on BAO

1 - 3  months after S ¥ : The most detailed papers on BAO in the
t

early  mouttis after SV+P /  GJ a re  those of Bank e ta i . ,  and of Dignan 

(Table IV). Bank et a L , however, did not give resu lts  for individual 

patients, and performed insulin tests  in only 17 of the 52 patients 

after BY (20 per cent of the insulin tests w ere Hollander -positive).



Mean BAO 4 - 8  weeks a lte r 8V+P /  GJ was 1*9 mEc( per hour,

both in South African and iu English patients, whereas after HS'Y in

Leeds and Copenhagen, mean BAO was 0*6 to 0 .8  mEq per hour*

Mean redactions in BAO compared with pre-operative values were

62 - 66 per cent after SV, and 84 ' ; '''2 per cent after H8¥ respectively.

Although 20 to 40 per cent of patients after 8 ¥  had Hollander-positive

insuim te s ts , the mean reduction in BAO in 14 patients with negative 
7insulin tests  was only 66 per cent. At this relatively early  period

after operation, BAO seem s  to be significantly less g#sr EC8V than

afte r 8¥ . Such a conclusion can only be tentative, however, for the

reasons already given.

In an extensive study of BAO three months after SY+P in
22patients In South India, Tovey et aL found tliat mean BAO v/as 

reduced by 67 per cant compared v/itli before oparaLion. The v/ashout 

technique which these authors used to collect BAO probably acted as 

a v/aalc stim ulus to gastric  secretion, as they themselves point out. 

Mora than one year after 8¥: 15 patients a fte r 8Y+P in Leeds

had a mean BAO of 2.6 mEq per hour, but one of them had a BAO of 

15 mEq per hour, and if Ms BAO was "reduced" by an a rb itra ry  10 mEq 

per hour, the mean BAG of the group was 2*0 + 0 .6  mEq per hour 

(Table ¥)* In 18 patients who had undergone SV without drainage



(mostly a t the W est London liospital)^ mean BAD was 2 ,7  mSq per 

hour 5» and again the mean was greatly elevated by the resu lts  of a 

few patients who had very high BAO (Table v). Nonetheless5 all these 

patients were in good health, and exclusion of their resu lts  does not 

seem  justifiable. The subjects selected for testing w ere, so far as 

we could te ll, a representative sample of tie entire population of 

patients who had undergone E)V with or without drainage. Indeed, 

exclusion of the eliuleal failures in Leeds (most of whom ted  high 

acid outputs and recu rren t ulceration) rendered the group of patients 

tested somewhat better than the average, in term s of the clinical 

outcome. In Table V, it can be seen that the contrasted groups of 

patiente a fte r HS¥ or B¥ were well-matched for age and weight, but 

t te t  HSV patients were tested on average 16 months afte r oj>sra.tion, 

compared with 23 mon,....., ^or the patients a fte r BV* BAO after HS v'

(1. S mEq per hour) was not significantly different from BAO afte r bV 

(2 .7  m lq  per hour). Comparison of BAO m ore than one year after 

HB¥ (1,6 mBq per hour), with BAO more than one year after TV and 

BY combined (3.0 mEq per hour) shows t te t  the difference was not 

sta tistically  significant (Table VI),

This comparison of BAO after HB¥ with BAO after TV or 

B¥ thus suggests (but does not prove) t te t  BAO ia lowered more 

effectively by H8¥  than by TV or 8¥ ,  The difference is particularly



marked when one considers BAO measured either in the immediate 

post-operative period or two to three months a fte r operation (Tables Ï,

II and VI) 0 More than one year after operation the difference is less 

marked, and is not statistically  significant. Indeed, none of the 

differences in BAO wMch have been dem onstrated can be claimed to 

be statistically  significant, because of possible d isparities between 

the groupa of patients with respect to age, weight, sex and completeness 

of vagotomy 0 Differences in the end-points to which titration was taken 

also weaken the validity of the attempted com parison. Thus, we have 

produced some evidence that IMW lowers BAO to a  g reater extent than 

do TV or 8V, but the evidence is inconclusive and further studies a re  

needed in la rg e r numbers of patiente, and, ideally, in conseeuW  

se rie s  of patients who have been allocated in a  random manner to one 

or other of the three , 5 of vagotomy.

If the difference is a  rea l one, and not artefaetual, what 

could it foe due to ? It could foe due to g rea te r stim ulation of the 

parietal cell mass after TV/BV than after HS¥; o r v/eaker inhibition 

of the PGM, or both. A possible explanation is provided by the recent 

observation’' ' that serum  gastrin  concentration increased from a mean 

of 16 + 1 J i  pg per ml before vagotomy, to 84 j- 7.9 pg per mi tWree 

months to seven years after TV with an terio r pyiorectomy. This increase



was greater timu could foe obtained by the removal (with bicarbonate) 

of acid-inhibition of gastrin release in with duodenal ulcer

before operation. The authors attributed the increase to diminished 

inhibition of gastrin release by endc^enous acid, to reflux of allcaline 

duodenal content onto the antrum and to the possible release of gastrin 

from an extragasti'ic source. If BAO is indeed significantly less after 

HSV than after TV or 8V, the reason might be tliat serum gastrin levels 

are lower in tiie fasting patent after HBV timn after TV or SV. TMs, 

in turn, could be due merely to the occurrence of less reflux of 

alkaline duodenal content after the pylorus-preserving operation tlian 

after vagotomy with drainage. In addition, however, inhibition of 

gastrin release by endogenous acid might be livelier in the innervated 

antrum*̂ *̂"̂  ̂after HBV than in the denervated antrum after TV or SV.

Preliminary data on plasma gastrin concentrations after
27either HSV oi’ SV with gastrojejunostomy in man indicate tljat 

plasma gastrin levels are twice as high after SV+GJ as after HSV.

These results provide support for our suggestion ttiat BAO is  lower 

after HSV than after TV or SV. Thus, our findings could he of 

considerable clinical significance, because the level of spontaneous acid 

output determines the nature of the pH environment of the mucosa of 

the duodenal bulb for a large proportion of the twenty-four hours.





Table II EFEECT OF THJNCAI, VAGOTOtlVr
(m vm f OF

fig u res  are a r ith -

im rm m cB rm xm oE TITRATION NO. BEFORE OP,
PHOOEDÜHE END-POINT; OF mEq/hr

INDICATOR PATIENTS MEAN 4 1 S.E.

T itra tlon  to  pH ^ .3

1
Woodward e t  a l .  

1949* NONE p3 :5.5 
Topfer TO 4.6

Dragstedt 
e t  a l .

1950*
NONE

pH 3 .5  
Topfer 19 3 .2  4 0*6

5McArthur e t  a l .  
i 960

gastro
jejunostomy

pH 3 .3  
Topfer 20 3#T

I.E . G illeap ie  
e t  a l ,

i 960  (c)
gastro
jejunostomy

P3 ^*5 
Topfer 23 5 .4  4 0 .7

I .E . G ille sp ie  
and Bowen-L'̂ l'

1962 (0 )
gastro
jejunostomy

?pî| 3 .5
Topfer 20 4*4 4 0*6

T itra tion  to  pH 7 -  8

15Adams e t  a l .
1967

7 pyloro
p la sty

8 gastro
jejunostomy

pH 6 .8  « 8 .4  
phenol red 15 3 .7  4 1 .0

Banlc e t  a l .^
1967

h a lf
pylorop lasty  
h a lf  gastro
jejunostomy

pH 8 
phenolphthaleIn 84 4 .7  (4SD 3 . 7 )

Jepson and 
Johnston^^

1968
pylorop lasty

pH 8 
phenolphthalein 9 6 .4



ON SPONTANEOUS ACID OUTPUT
LITEKATOEE)

metlo means 4 1 SEM

1 - 6  WEEKS % 2 .6  MONTHS % > 1  YEAR %
AETER TV REDUCTION AFTER TV REDUCTION AFTER TV REDUCTION

llEq/lir MEAN + ISE. niEq/hr MEAN + ISE. mEq/hr MEAN + ISE.
MEAN + 1 S.E. MEAN + ISE. MEAN + ISE.

0.9 76.0

1.3 1 0.4 76.1 + 5.6 1.0 + 0.2 83.0 + 4.1 
#

0.8 83.1

0.7 + 0.2 78.9 ± 5.9

2.0 + 0.4
34.3 + 18.6

54.3 + 9.2

not given

1.8 (+SD 
1.9)

62.0

0 .8





m m m m %
pmxmctis
PROCEDURE INDICATOR PATIENTS MEAnT  1 S.E.

G* G ille sp ie  
e t  a l.^ f  

1970 a (C)

h a lf
p ylorop lasty  
h a lf  gastro
jejunostomy

pH 6 .8  -  8 .4  
phenol red

:5o 
( it  -v e ) -

G. G ille sp ie  
e t  a l .

1970 b

8 pyloro
p la sty  

10 gastro
jejunostomy

pH 6 .8  -  8*4 
phenol red 17 5 .5  -

(25 d iffer en t  
p a tie n ts)

IQ
Eanlc e t  a l.^

1966 (C)
"drainage
procedure"

pH 8 
phenolphthalein 12 —

Konturek 
e t  a l.^ 0
1968

pylorop lasty
pH 6 .8  -  8 .4  

phenol red 12 5 .7  ±  0 ,^
(20 d iffe r e n t  

p a tien ts)

Dlgnan
1970 pyloroplasty pH 6 .8  -  8 ,4  

phenol red
22
16

5-1
4 .4

Jordan and
on

Condon^
1970

pylorop lasty pH 7 ,3  
a u to titra to r

not
c le a r ,

?about
50 -  90

SD
4 .6  t  3i.8

3,Cf. G ille sp ie  
e t  a l ,
1970 a (C)

Johnston 197^ 
j(X,oeds p a tien ts)

h a lf  pyl
orop lasty  
h a lf  gastro
jejunostomy

pylorop lasty

pH 6 .8  -  8 ,4  
phenol red

pH 7 
a u to titra to r 26

HSV FOR COMPARISON
NOÎ'ÎE pH 7 .0  

a u to titra to r
8 .3  + 0 .9
(n = 50 )



n i - x j i u  X V

iiiEq/hr 
MEAtlh IS.E.

REDUCTION 
MEAN ±  IS.E.

i U ’ X ilX l X V

mEq/hr 
Mmn ±  ISE.

HEDirCTION 
WEAN + IS.E.

ar xxxi XV 
iriEo/hr 

® \N  i ' lS .E .
REDUtTION 
MEAN i IS.E

iHf
1 .1  + 0 .4 “ «. 1 ,6  f  0 .2 -  •*

0 . ^  .

2 .5
60.2
(complete 
vagotom ies)

!5.0 ±  0 .9
( a l l  had 
complete 
vasotomy)

1 .7 ----- "
1 .2 - -----------

-65.7 ( a l l  cases)
■66,2
(vagotomy
complete)

SD
0 ‘6 ±

(50f  ̂ o f
vagotomies
incomplete)

1.2 ± 0.5 1.7 ± 0.5 “*

2.0 + 0.4 •*

0.6 + 0.1 
(n = 50) 88.9 + 2.1 0.6 ± 0.2 

(n 3.8)
91.7 1 5.3 1.5 ± 0.2 

(n 59)
76.2 + 5.9

St



m m m  t o table ii

w Converted from 12-hour overnifÿit BAO, in  p a tien ts  with TV 
without drainage.

(C) Calculated from authors* data.

# Counting an Increase in. BAO as 0 per cent decrease.

om itting r e su lts  o f 2 p a tien ts with BAO >  l6  mEq per hour soon 
a fte r  operation.

IT -*ve ; p a tien ts  with negative in su lin  t e s t s  in  the ear ly  post
operative period.

XX Î om itting BAO o f 11 mEq per hour in  1 p a tie n t,

SD 5 Standard d ev ia tion .

1 Î Mostly p a tien ts  w ith -ve in su lin  t e s t s  (see  t e x t ) .



Table III
SPONTANEOUS ACID OUTPUT MORE THAN ONE YEAR 

APTER TRUNCAL VAGOTOMY AND PYLOROPLASTY
(Leeds p a tie n ts . In good h ea lth . T itr e , to  pH 7)

NO, NAME AGE
YR,

SEX WEKMT
KG.

MONTHS
POST
OP.

INSULIN 
RESPONSE 

>1 yr-
VISICK
GRADE

BAO
niEq/hr.

1 A ,P. 72 M 67 21 Ef II 2.23
2 W,B. 37 M 56 31 Irl- I I 0.80
3 J.Cr, 37 M 64 (7yrs) “Ve I 1.34
4 C.R, 48 M 63 42 Li" II 5.01
5 J.D. 58 M 63 24 E4" I 2.036 a.B . 30 M 74 35 «ve I 0.10
7 J.W. 48 M 83 36 EX' I 3.12
8 S.H. 47 M 74 16 «ve • I I I.l4
9 F.H, 56 M 66 17 —ve II 1.70

10 T.R. 63 M 67 12 Iw- I 0.20
11 T.Y. 51 M 69 17 -v e II 1.50
12 B.M, 46 M 80 24 Et I (27.36)
13 K.T, 33 M 74 12 “V© II 3.06
14 B.W. 24 M 64 12 E”l" II 2.95
15 P.D. 57 M 85 16 Irh II 0.36
16 F.B. 46 M 78 29 -v e I 2.90
17 E.R. 75 M 57 14 Lt I I I 0.71
18 W.J. 35 M 62 16 “Ve I 2.35
19 H.T. 73 M 73 19 -v e II 3 .5 8
20 j . a . 35 M 85 35 -v e II 0,00
21 J.L . 37 M 70 22 Erl' I 1 .84
22 T.M. 52 M 59 30 L-i- I 9.14
23 G.T. 43 M 63 50 Irh II 1,90
24 8 .W. 58 M 83 30 I t II 2.32
25 G,R, 62 M 60 ( 6yrs) -ve I I I 1,18
26 J.G. 45 M 68 36 ND I (15.61)
27 R,H. 41 M 59 24 E-Î- I I I 0.48
28 R.K. 55 ïi' 48 (7yrs) -ve I I I 0.00

MEAN 50*21 68.36 24 . 80^ 12 -ve 3.39
±  1 SEM 2*39 1.80 2.05 9 Bt 1.07

6 Et (28)

* excluding p a tien ts 12 and 26 

1 excluding nos. 3 , 25 and 28 .

2.00

0.38
( 26 )
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CHAPTER. 4

MAKnVlAL ACID OUTPUT
T  - ~ ~ n n i i M i w n  "1 • I I I . . . . . . . . . . .

PART I:

PART H:

PART m ;

Determination of the dose of pentagastrin which 
elicits maximal acid output.

The effect of highly selective vagotomy on maximal 
acid output in response to pentagastrin.

A comparison of the effects of truncal, selective  
and highly selective vagotomy on maximal acid 
output.



CHAPTER 4

THE EFFECT OF HIGHLY SELECTIVE VAGOTOMY WITHOUT 
DRAINAGE ON PENTAGA.BTEIN*^TMULATED MAXBML ACE

OUTPUT

PART I Determination of the close ol pentagastrin which elicits
maidimal acid output

1Jepson and I had shown previously timt a dose of 

6 ng per kg of intram uscular pentagastrin was sufficient to elicit 

ma:?dmal acid output (MAG) in subjects with intact vagi. After

truncal vagotomy with a drainage procedure^ however, vie
2

subsequently found that 10 ug per kg was needed . Sim ilarly, in
3the M ulti-Centre Study published in 1067 , it was found that

6 ug per kg per hour of intravenous pentagastrin elicited MAO in

patients with intact vagi, whereas after truncal vagotomy with

drainage, 12 ug per kg per hour were required on average to

elic it MAO. The work of Konturek, Wysocki and Oleîïsy"^ and of
5Aubrey and F o rre s t confirmed that significantly higher doses of 

histamine and pentagastrin were required to elicit MAO after 

truncal vagotomy tliau were needed before operation.

In order to define the dose of pentagastrin which is



required to e lic it MAO after II8¥, we carried  out a  combined 

study In collaboration with Professor Amdrup and D r. Krageiund 

of Copenhagen* In Leeds, we performed dose-response studies 

in patients one week after HSV, while the Danes ca rried  out 

sim ilar studies in patients 8 to 20 (mean 12) months after BE¥*

MBTHOD

Dose-response to pentagastrin one week after HBV

We described the details of the intram uscular
1pentagastrin test in 1967 . The tests were performed in 10

patients in Leeds who had undergone H8V 5 to 10 days previously.

In patients 1 - 7 ,  the operation was done for duodenal u lcer and

in patiente 8, 9 and 10 for pyloric or pre-pyloric u lcer (Table).

Completeness of the parie tal-cell vagotomy, by Hollander's 
6c rite ria  , was dem onstrated in each case by the finding of a 

negative response to insulin hypoglycaemia. The dose of insulin 

used was 0 .2  units per kg. Blood glucose concentration decreased 

to le ss  tlian 3§ mg per 100 ml in each patient* A 14F polyethylene 

gastrostom y tube whose tip was placed in the body of the stomach 

a t operation was used to collect gastric  secretion . Each patient 

underv/ent two pentagastrin tests  on separate days, a  dose of



6 lîg per %  body weight Wing given intram uscularly in one test, 

and 10 ug per kg in the other. The tests were done in random 

ord er. Ail the usual m easures were taimn to secure maximal 

recovery of gastric  secretion  (see P a rt E). The collecting flask 

was chaxiged a t 5-minute in tervals. Each te st lasted for 40 

minutes a fte r the injection of pentagastrin. T itration was to 

pH 7.0 with O .lN  NaOII, on a 'Radiometer* au to titra to r. Acid 

output was expressed as peak acid output (PAO -  acid output 

in the 4 consecutive 5 minute periods which gave the Mghest 

reading, x 3, In mEq per hour) and as the total amount of acid 

secreted  in the 40 minutes of the test.

RESULTS

There was no significant difference between the acid 

outputs in response to 6 and 10 ug per kg of pentagastrin 

(Table).



T h B l E

Aoid outputs in response to 6 and 10 ug per kg 
doses of intramuscular pentagastrin in patients 
5 to 10 days after higlily selective vagotomy

Patient
No.

Insulin
Test

miL,»#— * 1,1 w. # . 1  p * i . * i " » m I* iM.

Peak acid  output Total output In 4o mlas.

6 ug/kg lOug/kg 
mEq per hour

6 ug/kg 
mEq

lOuasAg
mEq

1 -ve 19.9 23.0 9 .9 10.9
2 -ve 2 4 .7 31 .2 17.1 17.1

-ve 20 .6 24.0 16.0 13 .3
4 -ve 9 .0 8 .4 4 .3 4 .7
5 -ve 20.4 20.5 10 .6 9 .5
6 -ve 14.8 15.4 9 .8 7 .8

7 -ve 28.2 23.2 14.8 11.3
8 -ve 9 .1 5 .1 4 .0 2.1
9 «ve 8.3 13 .6 5.7 6.5

10 -ve 18.2 13.4 9 .2 7.0

Mean 19.32 17.77 9.94 9*04

±  1 a s . ■t 2 .98 1  2 ,52 i  1.56 + 1.38

Aoid output in peak 20-mlnute period, x



BIBCÜ8BIQH

It is important when ®*maximai'  ̂gastric  acid output is 

feeing m easured after vagotomy operations that the dose of stimulant 

used should fee capable of eliciting a maximal secretory  response 

in the vagotomized patient. After truncal vagotomy, for example, 

it is now known timt a significantly la rger close of histamine or
2-0pentagastrin is needed to elicit MAO than is needed before operation 

In contrast, this study has shown timt the dose of pentagastrin 

(6 ug per kg) which elicits MAO before highly selective vagotomy 

is also adequate to elic it MAO after operation*

The resu lts  obtained by Amdrup and ICragelimd in 

Copenhagen were sim ilar to our own (Kragelund, Amdrup,

Johnston et a i . , in press). One year after HBV, no significant 

difference was found between the acid outpute in response to 6,

10 and 15 ug per kg of subcutaneous pentagastrin. In 17 patients, 

the dose of 6 ug per kg elicited 20.18 j- 1 BE 2.00 mEq per hour, 

while 10 ug per kg elicited 21.51 -h 2,22 mEq ^3er hour. In 11 

patients, each of whom underwent 3 tests on separate days, 6 ug 

per elicited 22,56 + 2 .26  mEq per hour, 10 ug per kg elicited 

23.64 + 2.36 mEq per hour and 15 ug per kg elicited 22,87 + 2,36 mEq



per hoitr. F igures quoted are  peak-30-minute outputs 

multiplied by 2, In these patients, 8 to 20 months after IBV 

("parietal cell vagotomy") the insulin te st was negative, by 

Hollander y  c r ite r ia , in 9, early-positive in the f ir s t  hour 

in 2 and late-positive in 5.

The reason for the differing dose requirem ents for

pentagastrin after truncal and highly selective vagotomy is not

c lea r. It may be that parietal ceil sensitivity to pentagastrin is

diminished after truncal vagotomy, but not afte r HBV. Alternatively,

a sm aller proportion of the injected dose of pentagastrin may reach

the parietal cells after truncal vagotomy than after E8V, reflecting,
8per imps, diminished mucosal blood flow afte r truncal but not 

after highly selective vagotomy, A third possibility is that re lease  

of endogenous gastrin  might be less from the vagally-denervated 

antrum of a patient after truncal vagotomy than from tlie norm ally- 

innervated antrum of a patient who had undergone HBV. Wliatever 

the explanation, it seem s possible that the gastric  acid response 

to any particular submaximal blood level of endogenous gastrin  

may be g reater in patients who have undergone HBV tlian in 

patients who liave undergone truncal vagotomy.



By the time tto t these dose-response studies had 

been completed, a  large m m W r of intram uscular pentagastrin 

tests Imd already been performed in patients who liad undergone 

truncal, selective and highly selective vagotomy. The dose of 

10 ug per kg had been used in all these te sts , because of our 

previous demonstration^ that this was the co rrec t dose for 

eliciting MAO in patients after truncal vagotomy. Although the 

resu lts  of the dose-response study showed tliat a dose of 6 itg per 

leg was sufficient to elicit MAO in patients a fte r H8V, there seemed 

no reason to stop using the dose of 10 ug per kg in all vagotomiaed 

patients, because the acid outputs elicited by that dose were 

maximal, and side-effects were negligible. Accordingly, in all 

subsequent tests of MAO after vagotomy, a  standard doae of 

10 ug per kg of intram uscular pentagastrin was used.



SUMMARY

Comparison of gastric  acid outputs in response to 

8 and 10 ug per %  doses of intram uscular pentagastrin one 

week after highly selective vagotomy showed tîmt a  dose of 

6 ug per kg is sufficient to e lic it maximal acid output afte r 

E8V. Our co-w orkers in Copanimgen showed that this dose 

also  elicited MAO one year after "parietal ce ll"  vagotomy. 

W hereas a higher dose of iiistamine or pentagastrin has been 

shown to be necessary  to elic it MAO afte r truncal vagotomy 

tlian before operation, the dose required after E8V is the same 

as üiat required before operation.
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______ ACID OUTPUT m B E S m m E  TO PENTAGASTRIN _____

PART II

1In the f ir s t  paper , mean réductions in MAO after HS¥ 

of 50% a t 1 week and 69% at 3 months were described. This 

suggested that HBV reduced MAO as effectively as do TV or 

BV. The next step was to find out whether the 70% reduction 

in MAO found 3 months afte r llBY was m ain lin ed  on longer 

follow-up; Accordingly, se ria l teats of MAO were ca rried  ' 

out for up to 20 months after HBV.

METHOD

Patients 27 patients participated in the se r ia l testm g. About 

80% of the patients who were asked to help agreed to undergo 

repeated testing. These volunteers were representative of the 

entire group of patients treated by HBV, with respec t to age, 

weight, sex, p re - and early-post-operative acid output and 

clinical (Vislck) s ta tu s.

M easurem ent of maximal acid output (MAG) The tip of a 14 

or 16F polyethylene naso-gastric  tube was placed in the body of



the stomach in the morning, after the patient Imd fasted overnight.

Tests in the early post-operative period, however, were performed 

via a  gastrostom y tube. Continuous suction was exerted on the 

tube tlirougliout the te s t, except when a ir  was Injected a t 60 second 

intervals to ensure that the lumen rem ained patent. The patient 

lay supine or on hie left side, and expectorated saliva. He xms 

encouraged to tai?.e deep breaths after clearing of the tube with a ir , 

to help "pump" out any unaspirated secretion . If flow diminished 

unaccountably, the position of the tube, or of the patient, or of 

both, was altered* Each test was supervised closely by an 

experienced, m edically-qualified, gastric  te s te r .

The f irs t 15 minutes were spent in aspirating "resting juice". 

Spontaneous secretion m s  then collected into 4 x 15-minute or 

6 X 10-minute sam ples for 1 hour. Pentagastrin (PG, Peptavlon,

ICI) was then given by intram uscular injection" to stim ulate MAO.
2Before operation, a  close of 6 ug per kg was used . After HBV, a 

dose of 10 ug per kg was used because of previous evidence^' 

that after truncal vagotomy in man la rger doses of PG a re  required 

to e lic it MAO tiian a re  needed before operation. In fact, as we have 

now shown, either of these closes of PG suffices to e lic it MAO 

aftex’ HSV* G astric acid output in response to PO was collected



into 12 s  5-minute batches. The samples of gastric juice were 

filtered through gauae and i  m l. aliquots titrated electrometrically 

to pH 7 on a 'Hadiometer* TTTI Autotitrator, using O.lN NaOH.

MAO in mSq per hour is expressed both as pealc acid output (PAO),

which is peali;-20-minute acid output'' multiplied by 3, and as the total 

acid output in the hour after the PG injection ( T J i .  AO). Figures 

quoted a re  arithm etic means plus or minus one standard e r ro r  of the 

mean.

Timing of tests  These were carried  out (1) before operation in 100 

patients (2) one week after HBV, in 100 patients (3) 3 months after HBV, 

in 19 patients (4) 6 to 12 (mean 10.3) months a fte r HSV, in 15 patients 

(5) 12 to 24 (mean 15.0) months after HSV in 20 patients*

The resu lts  of se r ia l insulin te sts  on the sam e patients a re  

given ill a  la ter section.

Efficiency of aspiration system  In 06 te s ts , 10ml. of an 0.1 per cent 

solution of polyethylene glycol (PIG ) were imbibed by the patient each 

5 minutes throughout the pentagastrin tea t. The PEG content of the
7

gastric  asp ira te  was m easured , and hence the degree of recovery of 

PEG calculated.

S tatistical analysis The significance of differences between acid 

outputs in paired tests  on the same patients was calculated using



8
Student’s ’t’ test for paired data .

RESULTS

Taldng pre-operative PAO as 100 per cent, PAO was 

reduced by a mean of 48 per cent, one week after HSV, and by 89 per 

cent, 3 months after HSV (Table I, 1), In 100 patients, mean PAG 

was 44.6 + 1 .3 0  mEq per hour before HBV, and 22.6 + 1 .0  mSq per hour 

one week after HSV. The mean reduction in PAG was 47.9  + 1.9 per 

cent. Corresponding figures for ’total-hour* acid output were 35.0 +

1.1 mEq per hour before HBV and 15.6 + 0 .7  mSq after HSV, a mean 

reduction of 54.8 + 1 .7  per cent. The decrease in PAO between 1 week 

and 3 months was statistically lüghiy significant (p ̂ 0 .001 , n = 19).

PAO then increased, and the mean reduction in PAO 6 to 12 months 

post-operatively was only 54 per cent. The increase in PAO between 

U a.id 6-to-12 montiis was statistically significant (p <0 .02 , n = 13). 

Thereafter, no s^nificant change in PAO tocdî place (Table I, subjects 

1 - 7 ,  and No. 20), Mean PAOs in mSq per hour were 40.3 before 

HSV, 20.2 at one weak, 13.4 at three months, 18.6 at nine months 

and 18.3 at one to two years.

Mean reductions in ’total-hour’ MAO were 56 per cent at one 

week, 70 per cent at 2 to 3 months, 54 per cent at 6 to 12 months and



58 per cent a t 12 to 24 montha after E8V (Table H). Again, the 

decrease in MAO between one week and three montW, and the 

increase between three and nine months afte r HBV, were both 

sta tistically  significant (p ^  0.01),

Recovery of G astric Content Mean recovery of PEG was 94*0 jf

2 .5  per cent in 24 te sts  before operation; 86.4 2*9 per cent one

week aftex’ HSV (18 tests); 83.9 3,1 per cent a t 3 months (11 tests);

84.5 j- 2 ,8  per cent a t 6 to 12 months (15 tests) and 89.4 2.1 per

cent In 18 testa more than one year after HBV,

Mean recovery of 84 to 94 per cent of the m arker substance
9 ”11is s im ila r to wimt has been reported previously " , suggesting tlmt 

recovex’y of gastric  secretion was satisfactory . Variation in the degree 

of recovery of gastric  content a t the different time intervals a fte r HBV 

was too sm all to detract from the significance of differences between 

acid outputs a t these tim es.

The 52 per cent mean reduction in pentagastrin-stim ulated 

MAO m ore tlian one year after HBV seem s likely to be permanent, since 

mean MAO rem ained unciiangecl between 10 and 15 months after HBV 

(in unpaired tests), and was s till unchanged a t IB to 22 months in 7



SERIAL TESTS OF MAXIMAL ACID OUTPUT AFTER HIGHLY SELECTIVE VAGOTOMY,

m E q
4a

3a

2a

i a

12-24P re -o p  I.Week 2 3 6 12
Post-Op

MONTHS AFTER HIGHLY SELECTIVE VAGOTOMY

Pig. 1 Tills shows the mean changes ( + 1  SE) in  pealc acid  output 
in  response to pentagastrin  - In p a tien ts  in  Leeds
(L) and Copenhagen (C) a fte r  HSV. -Data on Copenhagen 
p a tien ts  are included by kind perm ission o f Professor 
E. Amdrup. PAO here represents pealc-30-minute acid  
output X 2 (un3.ike in  the te x t )  to  permit comparison 
between the r e su lts  in  tlie two cen tres. Note that 
routine antral "mapping" a t  operation in  Copenhagen 
does not produce d ifferen t acid  outputs from those  
obtained in  Leeds. PAO increased s ig n if ic a n t ly  between 
5 and 10 montlis a fte r  HSV, but th erea fter  does not seem 
to  Increase. Numbers o f p a tien ts  are given in  the t e x t .



subjeeta who ivere tested both at 8 to 12 months and a t 18 to 22 months

(Tables I and patients I  - 7). Whether this reduction in MAO is

as g rea t a s  that produced by truncal o r bOateral selective vagotomy

with drainage (TV, S¥) is  not entirely c lea r . Until recently, it was
12 1'-%

accepted that TV reduced MAO by about 70 per cent ' but the 

true figure may be less  than 60 per if the 2 0 - 5 0
1Q —22

per cent of patients who ai^e insulin -positive after TV" " a re  included,

if acid output is expressed in the form of peal^-30-minute output as
6suggested by Baron and if the dose of histamine or pentagastrin used

to e lic it MAO is doubled com pared with that used in pre-operative 
3-5 16tests ’ " , In our own laboratory (see below) HSV, SV and TV are

each found to imve reduced MAC) by 45 to 55 per cent both in the early

post-operative period and more tiian one year a fte r operation. After

TV, histamine -stim ulated MAO 1ms been shown not to cImage significant-
23ly in the course of the f irs t  tliree post-operative years ' , despite the

fact that the incidence of positive responses to insulin increases from
20-2^20 to 50 per cent ' in the same period. This suggests that the

final mean reduction in MAO afte r TV may be no m ore than 50 to 60 per

cent. After SV, the final reduction in MAO is imlilcely to be g rea te r

tlian that found after TV, because the acid responses to insulin were

found to be g reater after SV tlmii after TV, in patients who were tested
205 years a fte r either type of v a g o t o m y , Thug, any differences between 

the mean MAGs in the long term  after TV, S¥ and HSV will pz’obably 

prove to be sm all.



8ÜMMAEY

Serial tests of ma^dmal acid output (MAO) were performed 

in patients with chronic duodenal ulceration, before operation, and 

1 week, 2 to 3 months, 6 to 12 months and 12 to 24 months after HSV* 

l i S V  reduced MAO by a mean of 48 per cent a t 1 week, 69 per cent a t 

3 to 3 mouths, 54 per cent a t 6 to 12 months and 52 per cent a t 12 to 

24 months. The decrease m  MAO between 1 week and 3 months after 

HSV (p ^  0.001) and the subsequent increase between 3 and 9 months 

( p ^ O ' 0 ^ ) ;  were both statistically  significant. T hereafter, MAO did 

not change significantly. Thus, HSV probably bi'^ings about a  perm 

anent reduction in MAO of about 50 per cent.
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T A K tE  I  -  LEGEND

Statistical analyses;

(1) Paired tests at 1 weelc and ^ months. Mean decrease
in  PAO 7*67 t  1.49 mEq per hr.

n 19, t == 9.148, p ^ 0.001

(2) Paired tests at ̂  and o « 12 months. Mean increase in

PAG « 5.986 1.847 iJiEq per hr.

n = 15, t 5 .024 , p ^ 0 .0 2

Tlie insulin test was negative in each patient in the early 
post-operative period.

Figures in parenthesis indicate number of months after HSV.





M

CH

Û

y-y

R
f

A
M i

03 

r-1 M

vol

3 , - 1

"■ ' ï
" ^ 8

N
1

>3
r*l

rHW

rH

I

S

VO H CO 0
rH ON A 03ft ft ft ft
b b - H CM 0
A vo ON A A

CM ON q 0 CM b - rH
CM H b” VD H CMft ft ft ft
CM A CM ON 0 VO Ar l H H CM H

b- On H A CM
H A A
A 00 H VÛ
JM- VO

H A ON A A
A H rH A Aft
VO
H d

CM
» Û

r-1 A  
r-1 r*J

in  O 00 in  b- cviA  H b- H o  b-
<y 03 A vo OJ 0000 eu ‘H- H  A  A

t r  ^  Jfc" 03 C5No  m  iH 00 A  ON ON• • • .  # ft *
b- A  vo H A  00 o1-1 A  04 H Cli

s

B a  jü jR .g % gf
» •  o •  •  ft •

A  A  vo o  M A. VO
A  VO ON b - V3 CO A

% IR & # 0 *
ON - r  M 

M

00 A VO -=b
CM A H COft ft
CM A b -
rH rH H

Jg
V3

^  VO $ #
VO CO
VO VO

b- ^  CM CM

â :

8  &
CM VO b- A

CM b- Ofl # »
ON A  O

M iH

â
'vO
H © 8 9

a

ft
CO
iH

03 CM
H

ft
CO

ft
L(N
H

H b- A  CM O ON O
A  H O A  03 O
00 H  CM r-î rH O  00
CM -I- A  *=i* ^  A  CM

H  CM A  •=4* A  VO b-

S A  b- ArH O
b - CX) CM r-1 00

CM A  CO iT\ CM CMCO ON A  A  00

b - A  b - rH CM
ON O  iH O  rH

•  •  •  « *
VO CM CO b- b

rH rH

%ft
ON
r-1

CM

Fi
Û

ON A
ON cd

CO C5\ q  H CM
rH rH M »

o  5!

IR ^

g 8
CO

t-l

04 Si

® S 8

a a # «
ON O 

iH

VO iCN ON i-l A  A  AO CM vr:* o  A  CM H A# #  ft ft ft ft ft ft
O  CM ON 03 ON CM CM
Al- A  CM A A A  A  A

H t-'l 03 O  Is EH 03 Oft ft ft ft ft ft ft fth) M (1, 03 fh < m Pi

a  5



-d" b CM A (A
H CM O A Aft
b r-| UN VO
A VO CM

A CM A CM
A CM A b VO
H- ON O O
CM 1—1 1—1 r—( r-1

X)
A

Fi b A A CM
ON UN ■73 O

A O CM A H
A VO VO •=4* A

S  & c4 © ©
b  H  ON b  On H ai

CM 03 CM ON
b  00 H
CO A d  d  d
A  irv CM H  CM

O  EbcJ ÎH (3c <
:s Î2 Î (Xl s  Pm

\0 b  00 A O
rH f“l rH rH CM

© a  © jR ^  JO
b  A  .O
CVI ' O CO A H A  O A -H* A A

A  -H*

A
H

O
H

CM H  H  
H  H

A b
H rH b A

r—1
A A -H" r—1 •Ste-y
CM CM H

A  A  H  
O  A  ‘ IR
A  O CM b  VO 
b  CO A  VO A

IR A  30 CO A  
C A  CM CM

A  A  H  00 CO CM

b
x-s 6"

b O CM A r~! LD
'-D A CO O VO ■4' ' ■ >

CM
LA --'t H iA P IA
A H CO UN

A

A

A  A  b  H  A O
O  H  b  O  00 OJ

e  a Q o «  ft
A  CO A  H  CM
r-1 H CM H

03 CM A  ON CO ON t-1
b  A  b  b  A  A  b

o  ft a  ft »  ft ft
A  03 A  CO OJ A
r-1 CM CM CM H  VO A

O P
M o  H  (i) C3 CÎ3 Id

H  CM A  A  > t -
CM CM CM CM CM CM CM

f
A
A

A  -M* 
I—I CM
A  0

H
H

UN

IR

Pb

A  H

>5

q I'-b  VO 
UN O
A  Ht—j

8

A
H

O r-|
A  .3  
b  A  A

H

VO
CM

I ON
O  VO 

.  CM 
CM

K-i
OPr
O'*

IR
H
H

I
WtM
<1>in
go
<3

P
(M
0

in

I

A
r(J
d
CM

■a
0

'g
•H
â

3

ui
0

H
g

*H

■g

ë

É
a
' V

A

rH

• >p
in b
©■> VO
m 
0 A

§
A
W
«3
g
0in
CM
s
:
§
i

I
®

e
CCS
w

I
CM
H

t
VO
TS »
u  u
A §

g
CD
X /

A

•P
«J
Ui

0

I
•H

CM

0

g
cr CM

g
-I -p



APPENDIX

Measurement of acid concentration The Instrument used 

was a ’Hadiometer* autotitrator* 1 mi* aliquots of filtered 

samples of gastric juice were titrated with 0*1 N sodium 

hydroxide, to an end-point of pH 7. In some tests, twin end

points at pH 3*5 and pH 7 were used* The needle setting was 

checked each morning by the use of buffer solutions, and the 

accuracy was estimated at regular Intervals by the titration of 

standard solutions of hydrochloric acid* In duplicate measure

ments of the acid concentration of samples of gastric juice, which 

were performed each day, the second measurement was invariably 

within 2 per cent of the first*

Estimation of the concentration of polyethylene glycol 4000 in

gastric juice The method used was that of Hyden (1955).

Each day, standard solutions of PEG ranging in concentration 

from 0.1 to 1*0 mg per ml were prepared, and a standard 

curve drawn* A linear relationsiiip existed between optical 

density and PEG concentration between 0*1 and 1 .0  mg per m l.

The concentration of PEG in gastric aspirate was read from this



standard curve. Eeproducibility of the method was checked

each day by the performance of duplicate estimations on the 

same sam ples. The coefficient of variation, calculated from 

twenty pairs of duplicate determinations in gastric juice with

varying concentrations of PEG, varied between 2 and 12 per 

cent. This com pares poorly with Eyden’s figure of 0 .7  per 

cent.
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PART m  A CO¥iPASïSON OF TtlS EFFECTS OF TRUNCAL,
SELECT WE AWD HIGHLY SELECTIVE VAGOTOMY 
ON MAIOMAL A C m  OUTPUT

The operations which were compared were truncal vagotomy 

and pyloroplasty (TVfP), b ilateral selective vagotomy and pyloroplasty 

(SYm-P), and higMy selective vagotomy without a drainage procedure 

(H8Y). The pyloroplasties were mostly of the Hemeeke-Miiaülcs 

variety , though a few were of the Finney type. Patients had not been 

allotted to one or other of these operations in a  random m anner. As 

a resu lt, it was difficult to eliminate bias, MAO was compared a t 

two different tim e-in tervals a fte r operation; f irs tly , in the early  post

operative period, 5 to 10 days afte r operation; and secondly, more than 

one year a fte r operation.

An attem pt was made to compare the effects of complete 

vagotomy on IVÏA.O, by selectmg patiente whose insulin tesW were 

negative in the early  poet-operative period. Since, over the past

eight y ears , the incidence of incomplete TV in I,eeds and Sheffield lias
1been 16 per cent and of incomplete BY, 14 per cent , whereas the 

incidence of incomplete vagotomy after HBV was 9 per cent, the 

exclusion of insulin-positive cases may have biased the resu lts  against 

HSV. Again, patients judged to be clinical failures (Yiaick grade ÎY)

after TV or SV



w ere excluded when the late te s ts , more tlian one year a fte r operation,

w ere perform ed. Although a t this time the clinical resu lts  after H8V 

in Leeds a re  somewhat better tlian those observed after T¥ kP or 

SV-Î-P, only patients who were in good health a fte r TV or S¥ were 

selected for testing, wMch may also liave introduced some elem ent 

of Mas against I-^V* Patients tested after HBV wez'e a  representative 

sam ple, and both the patients who were clinical failures a t one year 

were included.

HTHOD

Stimulus As before, intram uscular pentagastrin provided the 

stim ulus to gastric  secretion . The dose used before operation was 

6 ug par kg, and in a ll tests afte r vagotomy, 10 ug per kg. The 

methods used have been described above.

Patients Most of the patients were treated m the University 

Department of Surgery, the General Infirm ary a t Leeds, but some 

were a t Sheffield Royal Infirm ary. Full data a re  available for 

patients a t Leeds, but details about the weights and pre-operative 

MA Os of the patients a t Sheffield were som etim es lacking.

RESULTS

The resu lts  in individual patients a re  given in Tables I to



PEAK ACID OUTPUTS MORE THAN ONE YEAR AFTER THREE 
TYPES OF vagotomy: HEALTHY PATIENTS-PG STIMULUS

num ber of 
p a tie n ts

25,

PAO’’® 
mEq 

p e rh o u r

HSV

(20)

TRUNCAL V+P SELECTIVE 
(Leeds) (Sheffield) V+P

(25) (32) (ID

There was no significant difference between tiie mean peaJx 
acid outputs ( 4 1 SE), more than one year after truncal, 
selective or hi^^ily selective vagotomy. All these patients 
had '^Hollander-negative" insulin tests in the early post
operative period.



v u ,  and should bs compai’ed with the resu lts  of se ria l peutagastrin 

tests in patients after HSV (see Tables I and II m  the preceding 

section),

PAO in the early post°op©ratlve period The effects of the tin’ee
FGtypes of vagotomy on PAO were found to be virtually identical 

(Tables I, IC and VI), Each reduced PAO by about 50 per cent.

PAO more than one year after vagotomy (Fig. 1; Tables M , IV» V 

and ¥11) Again, there was little difference between the mean 

PAOs after the three types of vagotomy. Mean PAO v/as still in the 

region of 20 mEq per hour, and the mean reduction in PAG compared 

with pre-operative PAO m s  about 50 per cent.

Taidng the resu lts  of the testa performed in the early  post

operative period firs t, It can foe seen (Table VI) tlnat the patients were 

well-matched with respect to sex  ratio  and pre-operative MAO.

Patients subjected to T¥+P were on average T to 8 years older than 

those who underwent SV-t-P or HSV. Patients treated by S¥-hP may have 

been 4 to 5 kg lighter on average timn those in the other two groups, but 

such a  suggestion can only be tentsitive, because details of the weights 

of patiente treated by SV>P in Sheffield were not available. It is 

considered unliinely that these relatively sm all mean differences



between the tliree main groups of patients could have exerted an 

important influence upon the observed reductions in MAO. Again, 

it should ba reiterated  that some bias against H8Y was deliberately 

introduced, by the exclusion of patieîts who luad evidence of incomplete 

vagotomy on m suiin-testing after TV^^P or SY-hP. These resu lts 

indicate that each of the three types of vagotomy reduces MAO by 

about 50 per cent, as judged by testing in the early  post-operative 

period.

MCore than one year after the tteee  vagotomies, the picture 

is essantially unchanged (Fig. 1, Table "FE). Despite the deliberate 

exclusion of patients who were faring badly after TV or SV, and the 

inclusion of both the clinical failures after H8¥, the la tte r procedure 

seem s to be as effective as the other two operations in reducing MAO, 

a t least for up to two years after operation. What is rem arkable is 

the sim ilarity  of the mean PAOs in each of the three groups of patients 

(around 20 mEq per hour), and the sim ilarity  of the percentage 

reductions in PAO, which average about 50 per cent, just as in the 

early post-operative period. It should be noted that matching of the 

tljiree groups was again im perfect. Patiente treated by 8Y-hP or H8Y 

were on average ? years younger tlmn patients treated by TV-i-P, and 

about 5 kg lighter in weight. Patients a fte r HSY were tested, on



average, 15 montlis after operation, whereas in the other two 

groupa the mean interval between operation and performance 

of the pentagastrin test was 24 months. It is conceivable 

that if the patients after BBV tiad been tested 24 months after 

operation, their acid outputs might have been higher. This 

possibility is thought to be unlii^ely, however, because of the 

evidence from the se ria l tests after ESV timt klAO Increases 

significantly between 3 and 10 months a fte r operation, but timt 

it then rem ains constant in the ensuing 12 months.

SUMMARY

Intram uscular pentagastrin was used to elicit PAD in 

patienta before, one week afte r, and more than one year a fte r, 

truncal vagotomy and pyloroplasty, selective vagotomy and 

pyloroplasty, and Mghly selective vagotomy without a  drainage 

procedure • Patients chosen for testing more tlian one year after 

operation were in good health, and. their insulin tests had been 

negative in the early post-operative period. One week afte r operation, 

it was found that each of the three types of vagotomy iiad reduced 

PAG by 60 per cent, to about 20 mEq per hour. More than one year 

after operation, mean PAG was again found to be about 20 mEq per



hour, and the mean reduction compared with pre-operative PAG 

was in the region of 50 per cent.

Differences existed between the three groups of patients, 

in respect of age, weight and the interval between operation and 

secretory  testing. Monethelesa, it seem s justifiable to conclude 

that each of the three types of vagotomy, properly perform ed, leads 

to a permanent mean reduction in maximal acid output of about 

50 per cent. Thus, HSV is as effective as  truncal or selective 

vagotomy with pyloropiaely in reducing maximal acid output.

1. Johnston, D. and Goligher, J .  C. (1971) Gut, 12, 903.





TABLE I
EPIECT OF TRUNCAL VAGOTOMY AND PYLOROPLASTY ON PENTAGASTRIN-8TIMULATED

«IT ' .  i .^^rnw

PEAK ACID OUTPUT (EARLY POST-OP.)

HO. m m AOE
m s. SEX VJEIGBT

KG.

PAÔ ®
iriEq/hr.

r

REDUCTIC
BEFORE AFTER

1
#  1 ^  111 l%mÀ t u

B.C.
W ■ llilllll IM|I

45 M 76 41.31 25.71 37.76
2 E.W. 68 M 64 19.71 21.63 -  9 .74

3 J.S. 41 M 83 74.94 14.76 80.30
4 H.F. 47 F 53 26.97 26.67 1.11

5 E.R. 75 M 63 28.95 12.69 56.17
6 J . I i . 56 M 64 48.47 7.95 83.58

7 M.L. 51 M 46 46.86 24,06 48.66

8 A .S . 67 M 65 41.07 11.73 71.44

9 A.H. 72 M 52 21.66 15.36 29.09
10 S.H. 46 M 74 38.88 22.59 41.90

11 M.W. 25 M 80 61.83 33.93 45.12

12 H .T. 71 M 63 63.45 22.08 65.20

1:5 B.G. 72 M 56 41.79 3.81 90.88

14 I). A. 49 P 63 30.54 13.20 56.78

15 M.M. 55 F 75 22.10 23.10 -  4.52

16 T.K . 65 M 60 44.13 22.74 48.47

17 T.M. 52 M 53 53.19 26.64 49.99
18 J .P . 52 M 63 54.09 28.65 47.04

19 K .F . 65 M 70 30.09 12.50 58.46

20 T .C . 67 M 61 14.16 9 .21 36.97
21 B.M. 44 M 79 39.15 12.03 69.28

22 J .D . 56 M 64 44.79 24.78 44.68

25) J .B . 55 M 54 53.28 34.29 35 .64

24 P.M. 45 M 76 42.78 24.51 42.71

25 G.B. 27 M 70 52.14 19.41 62.77



TABLE I  CONTINUED

26 F,T. ' 62 P 35.70 26.04 27.06
27 J.P. 55 M 50.46 21.60 57.19
28 0 ,J . 56 P 44.55 20.55 53.87
29 J.J. 52 M 52.62 17.37 66,99
:5o J.P, 45 M 18.90 8.79 53.49
:5i E .S. 60 M 59.40 31.47 47.02

J.D. 26 M 39.96 24.84 32.79
B.Q. 54 M 65.13 47.61 26.10

54 a.B , 45 M 36.00 9 .18 74.50
55 L.M. 57 M 28.08 10.02 64.32
56 J.K. 64 M 38.13 17.31 54.60
57 G.G. 47 M 47.28 17.34 63.32
58 T.B. 38 M 58.77 17.43 70.34

MEAN 49.39
YEARS

65.08
KG.

42.52 20.09 49.51

±  1 SM ±  2.32 + 2.30 + 1.43 ±  3 .81

PGPAO is peak*20-mlnute acid output, x  j). In nEq per hour.
All the insulin tests were negative by Hollander's (1948) criteria, 

5 " 10 days aTker operation. Patients 1 - 2 5  were in Leeds 
and patients 26 - ]$8 in Sheffield, Wei^its of Sheffield 
patients were not available at the time of writing.





TABLE II

EEEECT OF BILATERAI, SECEOTIVE VAGOTOMY -i- PYLOROPLASTY 
ON EENTAGASTRIH-STIMOIATBD PEAK ACID OUTPUT 

tepLY  POST-OP;, AT 5 -  10 DAYS)

HO. NAME AGE
mSi SEX VffiIGHT

KG.

PGPAO
mEq/te; 0

REEUCTK
BEFORE AHCËR

1. R;K. 45 M 67 53i49 33; 18 37197
2. B;M. 52 F 56 20; 07 12; 48 37 ; 82
5# TiM. 51 M 74 35.06 25.56 27.12
4. P.B. 54 F 54 32,10 16.89 48.40
5. E.W. 49 F 54 44.70 22.23 50.27
6. H.H. 44 M 67 23.82 21.75 . 8.73
7* L.B. 56 M 57 45.30 19.83 56.23
8. L.P. 40 F 48 29.80 4,83 83.90
9. M.W. 47 F 70 23.76 9.00 62.13

10. G.S. 50 M 6a 40.00 13.77 65.60
11. G.H. 55 M 61 64.71 43.83 32.30
12. R.G. 51 M 39.69 30.15 24.04
13. D.J. 50 M 43.60 17.91 58.92
14. M.G. 42 F 28.44 10.38 63.50
15. O.L. 65 M 39.00 10.89 72.08
16. B.A. 56 F 17.77 8.43 52.56
17. N.H. 48 M 46,08 19.02 58.72
18. JéC. 26 m 38.19 13.11 65.67
19. A.G. 65 n 90.99 32.58 64.19
20. G.H. 16 M 59.34 34.68 41.56.



TABLE I I  CONTINUED

21. HéS. 49 M 34.26 14.82 56.74
22. J.E, 55 M 54.09 11.82 78.15
25. H.T. 54 M 45.00 35.43 21.27
24. G.G. 60 M 30.15 20,34 32.54
25. H.O. 59 M 61.95 36.63 40.87
26. L.W. 55 M 50.37 13.74 72.72
27. A.K. 18 M 58.26 33.36 42.74
28.. J.W. 44 . M 49.53 48.75 1.57
29. F.Cr. 46 M 66.90 29.28 56.23

MEAN 42.55
YEARS

60.91
KG.

43.67 22.23 48.780

+ 1 SEM 2.28 2.39 3.00 2.13 3.75
(29) (1 1 ) (29) (29) (29)

PGPAG Is pealî-20-nU.nutQ acid output, % 3 » in inEq per hour. Dose of 
PG was 6 ug/lcg before, and 10 ug/lcg after, HSV*.

All insulin tests were negative by Hollander's (1948) criteria 
5 - 10 days after HSV.

Cases comprise two short consecutive series of patients, 11 in 
Leeds and l8 in Sheffield, who had negative insulin tests 
after SVtP, and satisfactory pre- and post-operative 
pentagastrin tests.

Weights of Sheffield patients were not available at the time of witing.





TABLE 1 1 1

EFFECT OF TRUNCAL VAGOTOMY AND PYLOROPLASTY OH PEI'B?AGASTRIN-BTimJMTED 
BEAK AĈ ID OUTPUT, MORE TPIAH ONE YEAR AFTER OPERATION (LEEDS PATJjSjgSl

mEq per hour
"■ ——-Tj 1 ̂ # %*l,i

NO. mm AGE SEX tJEÏGKT MONTÎ-IS . VISICK PAO^^ fYR. KG. POST-OP, GRADE BEFORE Aif'im
Jtfâiyfex-~ïVkt

4r

1 J.G. 57 M 64 I 142.00 22.74 45.86
2 C.R. 48 M 65 55 II 52.65 23.58 55.21

5 a.B. 50 M 74 55 I 52.14 14.28 72.61
4 J.W, 48 M 85 51 I 49.98 30.87 38.24

5 S.R. 47 M 74 16 II 58.88 7.14 81.64

6 B.M. 46 M 80 24 I 39.15 39.87 ("1.02)

7 K.T, 55 M •74 12 II 52.95 33.30 37.11
8 W.B, 57 Vi 56 51 I 26.91 11.94 55.63
9 P.D, 57 M •83 16 II 47.22 16,65 64.74

10 F.B, 46 M ■78 29 II 32.58 29.91 8.20

11 M.W. 29 U •80 17 III 61.83 36.54 40.90
12 W.J. 55 M 62 16 I 30.54 14.13 53.73

15 H.T. M *75 19 I 63.43 15.72 75.22
14 J.G, 55 M *85 55 II 32.60 4.50 86.20

15 D.L, 57 M 70 22 I 48.42 15.36 68.28

l6 T.M. 45 M 59 £9 I 53.19 29.16 45.18

17 G.P. 55 M •81 12 I 48.80 21.42 56.11
18 J.G. 46 M ■66 16 I 36.00 19.26 46.50

19 J.M. 54 M 62 12 I 29.50 13.62 53.83

MEAN 46.52 M 72.05 22.50* 12 I 44.15 21.05 51.80
6 II

j• 3. SEM 2.51 2.11 1.98 1 III 2.51 2.28 5.09
No. (19) (19) (18) (19) (19)

r—T———Y--—r ——

(19)



TABLE I I I  CONTINUED

20 T.y, 51 M 69 17 II 27.03
21 B.W. 24 M 64 12 I 6.18 —
22 G.To 43 M 63 50 II 19.44 «
23 R.H, 41 M 59 24 III 17.28 —
24 S,W. 58 M 83 50 II - 19.65 c
23 G.R. 62 M 60 72 III — 18.45

MEAN
t  1 am

46.36

2*27
(25)

M 70.68
1.86
(25)

13 I 
9 II 
3 III

20.32

1.85
(25)

4- excluding patient No, 1. response to I.V. histamine infusion.
Dose of pentagastrin was 6 ug per leg before operation, and 10 ug per 

kg after operation.
The early post-operative insulin test was not performed in patients 

11, 24 and 23i late-positive in No, 2, and negative by Hollander's 
(1948) criteria in the remainder.





TABLE IV

PEAK ACID OUTPUT IN RESPONSE TO PE®ACiASTRINs MORE THAN ONE YEAR AFTER 
TRUNCAL VAGOTOM AND PYLOROPLASTY (SHEFFIELD FATIEN^

NO. NAME
:—  ,

AOE
YR.

SEX
“

WEIGHT
KG.

MOMIHS
POST-OP.

PAO
lîÆScî/hr

1 P.R» 50 M 63 32 19,38
2 L.S. 32 M 80 20 13.83
3 E.P. 59 M 64 18 6.81
4 J.B. 40 M 83 23 24.45
5 A.H, 33 M 73 23 28.41
6 G.T. 65 M 69 24 12.66

7 S.R. 58 M 73 17 6.03
8 VJ.G. 6̂ 1 M 63 21 32*46

9 P.O. 48 M 60 21 31.02
10 G.F. 47 M . 79 21 16.20
11 R.R. 4l M 60 21 10*62
12 M.Ct. 59 M 61 22 15.48

13 R.B. 42 M 73 . 33 13*86
14 D.H. 27 M 57 22 17*10
15 R.H. 59 M 85 31 38.25
l6 H.F* 23 M 82 18 18.72
17 V/.G. 52 M 80 35 26.67
18 J.M. 55 M 85 34 15*06
19 G.A. 48 M 79 28 17*46
20 G.G. 56 M 60 33 16*38
21 P.H. 51 M 78 32 25.05
22 R.H, 38 M 59 33 28.11
23 T.K. 53 M 66 34 21.78
24 R.P. 39 M 82 21 26.16



TABLE IV  COHTIMJED

25 J .B . 4o M 68 32 23.04
26 G .P, 33 M 79 29 23.97
27 J.W . 55 M 63 33 0.00
28 W.B. 59 M 67 16 16.77
29 J.W . 50 M 45 24 17.37
30 G.H. 58 M 60 38 24.27
31 H .P . 59 M 70 36 12.03
32 P .R . 46 M 64 38 6.78

(32) MEAN 48.28 AUL 69.88 26.97 18.94
M

± 1 8EM 1.93 1.74 1,20 1.49

Hie insulin test was negative by Hollander's criteria in each 
patient in the early post-operative period, and all were in 
good-to-excellent health (Visick grades I to III), 1 to 4 
years after TVi-P,

Tne dose of pentagastrin was 10 ug per kg I.M. in each test.



TAHE V

EFFECT OF BÎLA’ÜERAL SELECTIVE VAGOTOï'dY AND PYLOROPLASTY ON

PENTAGASTRIN-STIÎCfLATED PEAK ACID OUTPUT MORE THAN ONE YEAR

(inSq per hour)
AFTER OPERATION

NO. NAME AGE
YH.

1". Ê. 1 #«. f»*

SEX miGRT
KG.

MONTHS
POST-OP.

VISICK
GRADE

PAG
BEFORE

PG
AFIER I

1 I.M. 44 M 73 12 III 44.76 29.46 34.18
2 GoMoD. 4o M 61 21 II +40,00 8.91 77.72
3 T.McG. 31 M 74 24 III 35.07 27.15 22.58
4 C.R. 46 M 70 48 II *30.00 30.12 ("1.00)
:3 A.S. 16 M 64 44 II *49.00 38.88 20.63
6 K.G. 44 M 69 27 I 25.77 8.67 66.36
T F.S. 24 M 68 18 II *56.00 27.00 51.79
8 A.W, 56 M 60 26 I *47.50 12.66 73.35
9 8.0. 3 1̂* F 65 22 II 34.47 23.46 31.94

10 M.W. 47 F 70 18 II 23.76 12.87 45.83
11 8.M. 58 M 58 12 I *58.00 18.60 67.93

j
MEAN 

: 1 SEM

40.00

3.87

9M
2 V

66.55

1.61

24.73

3*51

3 I 
6 II 
2 III

40.39
“I"- 3.52

21.62

-3.00
44.67  

™  7.63

Tlie insulin test was negative in each patient in the early post
operative period, except in patient No. 9s whose test was 
late-positive•

4 Pre°operative tests carried out with intravenous pentagastrin 
as the stimulus, in a dose of 1.2 or 6.0 ug per kg per hour. 
Intramuscular pentagastrin, 10 ug per kg, was used in all 
post-operative tests.



ÎABÏE VI

COmraSOH o p OTJ EBI'ECTS op truncal  ̂ UIIXECTIVE AMD HIOHIV SELSCnVR 
VAGOï'Oœ ON fEîft’AOASÎBIM-SroraA'/æO .tEAK ACID OUTPOT

5 TO 10 DAYS AFIER 0B3ÎATI0N

TRUNCAL VAGa 
•Î* PYI0R0PLA8TY

SELECTIVE VAG. 
4- PYLOROPLASTY

HIŒILY SEL. 
VAGOTOI®

'iss™

38

29

26

AGE SEK 
YR8.

49,4
33M

5F

42.6
22M

■m

41*2
2m

5F

WEIGHT
K0C

65.1

60*9

66*0

FAC rrEq/lir.

PRE-OP.

42*3

43.7

40.3

AT 1
w m

20*1

22.2

S O .2

0
REDUCTION

49.3

48.8

48*4

data incomplete* Ihe insulin test vms negative 
by Hollander*a criteria in each patient.
PAO is pealv-SO-minute output .niultiplled by three.
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CHAPTER 5

THE INSULIN TEST AFTER HIGHLY SELECTIVE VAGOTOMY

PART I: Serial insulim teats after HSV $

PART II: On the significant increase in spontaneous, maximal
and insulin-stimulated acid outputs during the first 
1 - 2  years after HSV.

PART m ; Comparison of gastric acid outputs in response to 
insulin in healthy patients more than one year 
after truncal, selective or highly selective vagotomy.

PART IV: Comparison of spontaneous, masdmal and insulin-
stimulated acid outputs in two groups of patients
with Hollander-positive insulin tests:

group I, more than one year after HSV.

group II, with recurrent ulceration after truncal 
or selective vagotomy with pyloroplasty.



CHAPTER 5

THE INSULIN TEST AFTER HIGHLY SELECTIVE VAGOTOMY

PART I: SERIAL INSULIN TESTS AFTER HSV

Although the patients’ clinical progress after HSV has been 

excellent for up to 3 years, one major impondérable rem ains: the 

incidence of recu rren t ulceration in the long te rm . After any type of 

vagotomy, vagal nerve regeneration or sprouting may lead to recurx^ence, 

but patients after HSV could, in theory, be a t especial risk , firstly  

because a t the time of oparation the vagotomy of the parietal cell mass 

(PCM) might ba incomplete die tally in addition to prosdmally, and also 

because in the montiis after operation the PCM might become re in n er

vated from its distal as  well as from its proxunal m argin. Even in the 

absence of vagal nerve regeneration, gastrin  re lease from the innervated 

antrum in response to food or vagal stimulation might be excessive.

Serial insulin tests were performed in patients Wfore HSV 

and for up to 2 years after HSV, in an attempt to answer two main 

questions :« firstly , was the parietal-cell vagotomy complete initiaUy, 

and secondly did it rem ain complete as time passed ? It was hoped that 

in this way some idea might be gained about the proteble incidence of



recu rren t ulceration in the long term .

METHOD

Patients The diagnosis of duodenal ulceration was confirmed in each
1patient at operation, and each was treated by H8¥. Insulin tests were 

performed before operation in 10 patients, one week after HBV in

100 patients, 3 to 6 months after HSV in 7 patients, 6 to 12 months 

after HSV in 4 patients, and 1 to 2 years after HBV in 35 patients. The 

patients who underwent se ria l testing a re  considered to be representative 

of the whole group of HBV patients, and include patients who were 

clinical fa ilu res.

Insulin Test The techniquecf gastric testing was sim ilar to tiiat

used in the pentagastrin te s ts . G astric secretion was aspirated  by 

continuous suction for 3 houx’s .  After four 15-minute collections of 

spontaneous (basal) secretion had been made, soluble insulin was 

injected intravenously in a  dose of 0*2 unit per kg. body weight. This

dose of insulin has been shown to elicit a secretory  response that is
2 3masdmum fox' insulin, both In subjects with intact vagi"'’ , and in 

patients with incomplete vagotomy^. Eight further 15-minute samples 

of gastric  secretion were then collected. Venous blood was withdrawn, 

30 and 45 minutes after the injection of insulin, for blood glucose



estim ation by the glucose oxidase method on an autoanalyaer. Blood 

glucose concenti’ation decreased to less than 35 mg per 100 ml in each 

of the tests reported* The samples of gastric  juice were filtered 

through gauze and 1 ml aliquots titi'ated with O.lN sodium hydroxide

to pH 7 on a TTTÏ ’Radiometer* autotitrator* Acid output was expressed
Ias peak acid output in mEq per hour (PAO* = acid output in the 2

consecutive 15-minute periods which gave the highest reading^ multiplied
6 Ï 6 7by 2) . PAO has been shown to be reproducible in the sam e subject ' .

Interpretation of resu lts  In view of the em pirical nature of the tim e-
1honoured Hollander c rite ria , which depend solely on changes in acid

concentration, the actual acid outputs both in the basal hour and in
1. 8—12response to insulin were analysed, by the seven c rite ria  ’ ” * shown 

in Tableiïl* A slight modification of Boss and Kay’s c r ite ria  was used, 

whereby an ’‘early-positive*^ response denoted a positive response in 

the f ir s t  hour afte r insulin, ra ther than a response in the f ir s t  45 

minutes* For assessm ent by Hollander’s c r ite r ia , the mean acid 

concentration in mEq per litre  in the 2 consecutive collection periods 

wliich gave the highest reading before the insulin injection was subtracted 

from the mean acid concentration in the 2 consecutive collection periods 

which gave the highest reading after insulin* An Increase of 20 mEq 

per liti’e or more denoted a positive response. An increase of 10 mEq 

per litre  was regarded as positive if the basal specimens were anacid.



Aimcid was defined as a pH g reater than 8 .6 .

S tatistical analysis The significance of differences between paired

observations in the sam e patients wa,B calculated using Student’s t test 
i 3for paired data"' .

Results for each patient tested more timn one year after 

II8¥ a re  to foe found in Table V. The changes in FAO^ with time a re  

depicted in Fig. 1.

Response to insulin before operation (10 tests) ïvlean PAO was 

36 mEq per hour, 75 per cent of the pentagastrin pealc acid output
O/"'* O'O*

(PAO” , F ig . 1, Table I). In this particular context, PAO"^^ was

talien as peak “30-minute output multiplied by two. All 10 teai^ were
8positive within the f ir s t  hour (’’early«positive’’ ) by Hollander’s

i
c r ite r ia ” . They were also positive by a ll other c r ite r ia  (Tables IÏÏ and 

IV).

One week afte r H8V (100 tests) Mean PAO^ was 0.5 mEq per 

hour, 1 per cent of the pre-operative PAO If the spontaneous acid 

output is subtracted, mean PAG" was n il. 97 tests were Hollander- 

negative and 3 were late-positive. E the mean acid concentration of ail 

4 te sa l sam ples, instead of the 2 consecutive sam ples with the Mghest 

reading, was used as the imseline m easurem ent, 5 tests were ïa te- 

positive.



INSULIN-STIMULATED PEAK ACID OUTPUT BEFORE AND AFTER HSV.

40

3QJ

RAOInsulin

mEq 20 
p er hour

10

i = ± l J ± .
BEFORE 1 week 3 - 6

HSV

No.of tests (10) (100) (7)

6 -1 2  12-24 MONTHS
AFTER

(4) (35)

Fig* 1 Before HSV, mean peak acid output (t 1 SE) in response to 
insulin (PAqI) is a higH percentage of the maximal acid 
output. One week after HSV, PAO% is no greater than basal 
secretion, in 100 patients. Thereafter, a small but 
statistically significant increase takes place in the 
acid response to insulin* More than lialf of the patients 
tested more than one year after HSV had Hollander-positive 
responses, but the mean acid response is still very small.



TABLE I

PEAK ACID OUTPUTS IN RESPONSE TO INSULIN 
EEFOPE AND AFTER HIGHLY SELECTIVE VAGOTOMY

niEq per hour

NUMBER OF TESTS

HOLLANDER
RESPONSE
-ve, or Eî*

BEFORE
HSV

AFTER HSV

1 NEEK 3 - 6  MONTHS
... ......
0-12 MONTHS 1 - 2  YEARS

10 

10 Et

100 7 4 35

97“, 3IR* 4-, ILt, 2Et 2-, llÆ, IBt- 15-, i2L+,8m-

PAO^ 315.82 0.54 1.48 2.85 3.74
lliEq per hour
+ 1 SEM t A.09 ± O'lO ± 0,73 ± 1-65 4- 0* 62

PAO^ 74.980 1.080 3.570 5 . 0 - ^ i 9 . 7 Z i
as 0 of pre«op.
PAO t 1 SEM ;i 4.87 t  0*27 ± 1*72 ±  2'17 ±  1-37

Ef, early-positive in the first hour after insulin, by Hollander’s 
criteria.

LJ-, late-positive, in the second hour,
IPAO « peak acid output in response to insulin (pealc-^^O-minute 

output X 2) ,
PAO^^ - peak acid output in response to pentagastrin (peak-30- 

minute output x 2),

For results in individual patients at 1 « 2 years see Table V



Three to six  montiiB after BBV (7 tests) Mean PAO" was

1.6 mEq per hour, 3 per cent of pre«operative PAO" Three teste 

were Hollander «positive (2 early «positive ani 1 late «positive), and 4 

were negati ve *

Bvk to twelve months after H8V (4 tests) Mean PAO’ was

2.9 mSq per hour, b per cent of pre-operative PAO" . Two tests 

were positive b Holiander’s criteria, one ’'early’’ and one ’date’L
ITwelve to twenty -four months after  ~I8y (35 tests) Mean PA IT

or'
was 3T7 mEq par hour, 10 per cent of pre«operative PAD" 67 per 

cent of the tests were positive by Hollander’s criteria . Eight (23 per 

cent) were early-positive and 12 (34 per cent) were late «positive. 

Results of paired tests in the same patients in paired insulin tests 

performsJ 3 to 6 and 12 to 24 months after HdV in 9 patients, mean 

jpAO"" increased from 3.2 -^1*1 mEq per hour to 7,0 f 1.7 mEq per 

hour, a statistical^ significant increase (p ^0.01), .PAO increased in 

all 9 patients (Table II). It should æ  noted that these 6 patients iucluc^e 

2 wno nar ".Idv performe 1 for ’Ouodonlti:j’p and 1 patient who had a 

small resection of tne .PCM in addition to '"TTd 

Assessment of results by multiple criteria (Tables .Cil an .1 IF)

Before TGV, ail the tests were positive . ail seven criteria. One 

week after H3V, thSj were nevative b near I all criteria, except in the



3 patients whose tests were (late) positive by Hollander’s criteria* 

T hereafter, as the months passed, the insulin tests  became increasingly 

positive, as Judged by a ll 1 c r ite ria . Even 1 - 2 years after HS¥, 

however, the responses to insulin were much less ’’positive” tiian 

those recorded before operation» For e^mmple, whereas before HB¥ 

all 10 tests  were positive by ail c r ite ria , more tlmn one year after 

H8¥, none of the 35 tests was positive by all c rite ria  and 17 tesh^ 

were positive by fewer than 3 c rite ria  (Table IV).

Spontaneous an i pentagas tr  in «s timulaied acid outputs in patients with 

negative, late-positive and eariy-positlve insulin tests Full details 

of the resu lts  obtained in patiente who were tested more timn 1 year 

after H8¥ are  presented in Table V, Acid outputs in patients with ”ia te- 

positive” responses to insulin were almost as high as those in patients 

with ”eaiTy-positive" responses* For example, mean BAO in 12 patients 

with late-positive insulin tests was Î.72  mEq per hour, compared with

1.73 mEq per hour in 8 patients who had early-positive insulin te s ts .
PGMean PAO'” was 20.09 mEq per hour in the ’late-positive* patients,

and 21.67 mEq per hour in the ’ea rly -positive’ group* Although
Iinevitably, PAC/ was much Mgher in patients who had positive insulin 

tests than in those who had negative te sts , the differences between the 

insulm “positive and insulin-negative groups were much leas marked when



PiT*spoiitaiieoitB and peutagastrin-stim ulated acid outputs (BAO, PAO

were considered. Within each group, a wide sca tte r was found in the
PGpercentage reductions in BAO and PAO compared with the p re - 

operative values*

D B cnæ iO M

The objects of this study were to find out whether HS¥ 

denervated the parie tal cell m ass (PGM) effectively and whether the 

dsnervafclon persisted  with the passage of tim e. The answ ers to these 

questions were expected to give some clue aa to the likelihood of 

recu rren t u lceration. The magnitude of the acid outputs in response to 

insulin were also  expected to give some guide to the amounts of gastrin  

re leased  from the innervated antrum  in response to d irec t vagal 

stim ulation. ïf acid outputs were found to ba Mgh, the cause might be 

excessive gastrin  re le a se , vagal nerve regeneration, or both these 

factors; but if acid outputs were found to be low, it would suggest that 

vagal re lease  of gastrin  was not excessive.

The resu lts  of the 100 nearly-consecutive insulin tests 

which were performed one week afte r HS¥ indicate that this operation 

provides effective denervation of the PCM. Ho fewer tlian 97 of the testa
1 g

were negative by Hollander’s c rite ria* , and none was early-positive •



A a far aa we are aware, these résulté are batter than any previously

%'eporWd'^^, 1 largo se rie s  of insulin testa performed a lte r

vagotomy with drainage for duodeimi u lcer. They eoufcraat with a

reported  mean incidence of 20 par cent positive Insulin tests  b y

Hollander*8 criteria in several thousand patiente afte r truncal vagotomy 
16(T¥) and between 5 ami 20 per cent a fte r bilateral selective vagotomy

14,13,1A lo^ Leeds and Sheffield, where the method of

iiiüBlîn testing was ideutleal with that used in this study, positive 

responses to Insulin were found in Î6 per cent of 515 patiente one
1 aweek after TV and in 13 per cent of 150 patients one week after S V  

(Fig. 2). It would ba prematura to claim , however, that the resu lts  

obtelned in the early  post-operative period a lta r  EBV a re  significantlyIt,*» u a *

bettor than those obtained a lte r  TV or 3V, since a ll the HSV opérations

were performed by two eurgeone, whereas TV and B Y  i n  Leeds and 
18Sheffield w ere perform ed by a  large number of eurgeoae. M  

addition, the patients who were treated by E8V may differ i n  some 

UBrecognized way from those treated by TV or 8VI Suoli a poasiMîity 

aaem a müikoîy, hor/ever, since they eom prlae a  consecutive series of 

patiente coming to elective Biurgory.

Til© 87 par cent ineiclence of negative reaponsoa to insulin  

soon after HS¥ in tmûu would t e  difficult to im prove upon by the use



RESULTS OF INSULIN TESTS ONE WEEK AFTER 3 TYPES OF VAGOTOMY.

%
POSITIVE

(Hollander
Criteria)

15

10
Late

Number of 
Patients

TV+P
515

SV4-P
150

HSV
lOO

P ig . 2 Only per cent o f p a tien ts were shown to  have incomplete
vagotomy a fte r  HSVj compared w ith  13 per cent a f te r  s e le c t iv e  
vagotomy (SV) and 16 per cent a fte r  truncal vagotomy (TV*). 
Tiiis large d ifferen ce  could be due to  (a) HSV i t s e l f ,
(b) the surgeon, (e ) the type o f p a tie n t , or to  combinations 
of a l l  three fa c to rs . E a r ly -p o s itiv e :-  in  the f i r s t  hour 
a fte r  in su lin . L a te -p o s it iv e :-  in  the second hour.



of any of the intra-operative tests for completeness of vagotomy .

The operative technique which we usedj without an tra l mapping^ seems

to be adequate to ensure complete vagotomy of the PCM at the time of

operation in nearly every case . Wlmtever may be the anatomical

variations of the vagi a t the oesopiiageai hiatus, the vagal branches

supplying the PCM must congregate around the cardia and along the
22le sse r curvature of the stomach , where they can a ll be severed in

the performance of HS¥. It should be noted, however, that a high

incidence of positive responses to insulin (and 2 recu rren t ulcers)
23after HBV Mb been reported recently from another centre . This

serves to emphasise that the achievement of a complete vagotomy of

the PCM Is never eas^r, no m atter whether the vagotomy foe truncal,

selective, or Mghly selective in type. Burgeons who use any variety

of vagotomy without antrectomy in the treatm ent of duodenal u lcer should

keep a check on the efficiency of their v a g o t o m i e s ^ a n d  if a high

incidence (say, more than 15 per cent) of positive responses to insulin

is persistently found soon after operation, they might consider adding

an antrectomy in all except their *’poor-risk" patienta. The case for

such a policy would foe particularly strong if more tinan 5 per cent of

the responses to insulin were found to foe ^'early-positive*', because
8 2-̂such a response ie probably indicative of inadequate vagotomy ’



Although the rosuEe of the hiaulhi tsato performed soon 

after HSV are good, those of the teste performed in the ©Bsulng 2 years 

are zmmli loss iropresBive. ïu the eourae of the flrat year after E8V, 

acid Qutpate in reaponae to imuliii^ and the incideaoe of Hollander « 

poaitiTO teste, both increased aigElficautly. More tiiaa one year 

after 'BBV  ̂ 57 par acmt of 38 insulin teste were Hollander-poBitlve.

23 par eoiit were ea rly -positive and 84 per cent late-positive. These 

figuras, although dteappointlng after the excellent resu lts  obtained 

soon aftes? operation, a re  mo worse tlmn the resu lts  recorded m ore than

om  year afer TV or 8¥ with a  drainage procedure . It is not

c lear why eo many of the insulta respauBes should change from

negative to positive a fte r H8V. One might postulate that the denervated
29PCM became auperaem itlvo to Immoral s tta ii l i  , or that more gadrin

was released in the la te r teste than in the e a rlie r  ones In reapoiise to

d irect vagal stim ulation. However, as  is explained in  more detail in

tlwïBiLt Cimpter, we think timt tlm PCM probably aequlres some m easure

of vagal raiim ervatiou with the passage of tirno. If this explanation io

co rrec t. It seem s imlEmly tliat immh further rainnervation takes place
Îbeyond one year from  the time of opération. Although mean PAO' 

appeared to taereaso between 6 - 1 2  and 12 -  24 months in patients a t 

Leeds, it  sliouM be noted that only 4 patiente were tested between 6 and



12 months after HBV. In Copenhagen, Amdrup found that mean PAO 

('free' acid titrated to pH 3.5) in 18 patients one to two years after
T

HSV (3.4 mEq per hour) was no greater than mean PAO in 14 patients 

s ix  to twelve montlis after HSV (3.5 mEq per hour: Amdrup, ICragelund, 

Johnston et a l. : in press).

Reinnervation, if that is the correct explanation for our

findings, seem s to involve only a small proportion of the entire PCM.
ÎBefore operation, mean PAO was 36 mEq per hour, 75 per cent of

PGPAO . In contrast, more than one year after HSV, there was no
Iresponse to insulin in 43 per cent of the 35 tests and the mean PAO

was only 3 .7  mEq per hour (Table I, Fig. 1), wMch is  20per cent of
PGPAO more than 1 year after HSV, and 10 per cent of the pre-

PGoperative PAG . Patients with positive responses to insulin more
P O  T

than 1 year after HSV had higher acid outputs (BAO, PAD and PAG ) 

tlian liad patients with negative insulin tests, but the differences between 

the mean acid outputs of the insulin-positive and the insulin-negative 

groups were not large (Table V). In particular, 70 - 75% mean 

reductions in BAO were found in patients with positive insulin tests.

The intact h e c t ic  and coeliac vagal fibres were perhaps exerting their 

inhibitory influence on gastric secretion in these patients ~ . Acid

outputs in tiie **early-positive’* group were little different from those 

in the "late-positive” group, wliich suggests that the risk of recurrent



ulceration may be much the same in these two groups of patients.

Since precise "mapping” of the pyloric gland area, or
3^ 35antrum , of tlie stomach by pH probe " or the Congo Red test is

an invariable feature of parietal cell vagotomy (HSV) as performed by

Amdrup in Copenhagen, but was scarcely  used a t a il in Leeds, it is

m teresting to note that acid outputs more than 6 months a fte r HS¥

were very sim ilar in the two centres (Table VI). Of 32 insulin tests

which were performed m ore than G months afte r HSV in Copentegen,

47 par cent were positive by Hollander’s c r ite r ia  (22 per cent ea rly -
I

positive) and the mean PAO (to pH 7) was 4.3 mEq per hour. 

Although 57 per cent of the 35 insulin tests  performed more than 1 year 

after H8Y in Leeds were Hollander-positive, the BAO and PAO^ of 

the Leeds patients were slightly lower than the corresponding values 

for patients in Copenhagen. These resu lts  provide little support for 

the routine use of an tra l "mapping” in the performance of H8V. 

Omission of this time-consuming manoeuvre would render the operation 

more acceptable to surgeons, who a re  already deterred by the ra th e r 

lengthy nature of the procedure as compared with ti'uncal vagotomy.

Finally, what of recu rren t u lceration? This topic is 

discussed more fully in the next Chapter but here it may be said that 

despite the finding of a  Mgh incidence of positive responses to insulin

more than one year after HBV, we tliiak that the results presented here



and in other Chapters provide considerable support for the view tliat

the eventual incidence of recu rren t ulceration after BBV will foe low;

firs tly , because of the large reductions observed in spontaneous

secretion; secondly, because there was no acid response to insulin

in 43 per cent of the patients who were tested more than one year after

HSY and the response to insulin in most of the rem ainder was sm all;

thirdly, because the low spontaneous acid outputs and sm all acid

responses to insulin suggest t te t  gastrin  re lease  is not excessive from

the imiervated antrum ; fourthly, because no evidence of gastric  s tasis

was found, the resting juice being sm all in amount and free from food

residues, and fiftMy, because the reductions in majdmal acid output

after HBV are  little different from those found after TV or BY* It should

be borne in mind, too, that protective and inhibitory mechanisms in the

antrum and duodenum may be preserved better after HSV than after TV.

In a 3 year experience with 200 patients treated by HSY in Leeds and

Copenhagen, not a single case of recu rren t duodenal ulcer has been

diagnosed. Vet recurrence, if it were to occur, would probably be
16early - within two or three years of operation - as it is after TV or

SV (our unpublished observations). HSV has been found to protect dogs

against histamine-induced ulcer significantly better than does vagotomy
36with antrectomy . Thus, there is reason to believe that recu rren t 

ulceration will not prove to be a major problem after HSV. We must 

now await the resu lts  of the 5 and 10-year eltnical follow-up.



S m Â M Â E Y

97 of 100 insuliu tests performed one v/eek after HS¥ were 

negative by Hollander’s c r ite r ia . Tliree were late-positive. In the 

course of the f irs t  year after H8¥, acid outputs in response to insulin 

Increased significantly (p^O .O l). More tten  one year after HSY,

20 of 35 insulin testa were positive (57 par cent), 23 per cent being 

early -positive in the f ir s t  hour after insulin and 34 per cent being

late “positive. However, the mean peals acid output in response to
Iinsulin (PAG*) was s till only 3 .7  mEq per hour, compared with 36 mSq

per hour in 10 insulin tests which were performed before operation.
ÎBefore HSV, PAO was 75 par cent of the pentagastrin-stim ulated PAO.

ÏMore than one year after HSV, PAD was 10 per cent of üie pro-

operative PAO

Thus, vagal re lease  of gastrin  does not appear to foe excessive 

after H8Y. It is suggested tiiat HSV denervates the parietal cell m ass 

effectively, as shown by the resu lts  of the insulin tests  which were 

performed soon after operation. A sm all proportion of the parietal 

cell m ass probably becomes re-innervated in tlie course of the f irs t  

year afte r HHV, In 50 to 60 per cent of patients. These findings 

provide grounds for believing that recu rren t ulceration will not prove 

to foe a m ajor problem after BBV.



TAHtE II
RESULTS OF PAIRED IWSOLIM TESTS IN THE SAME PATIEMIS 

(a) 3 to  6 MOM’fflS and (b) MORE THAH QMS YEAR, AFTER HSV

HO. NAME MON
AFTP3

(a)

CHS 
1 HSV

(b)

RESÜÎ
insul:

(a)

Æ OF 
CN TEST

(b)

PAÔ  mî
5 - 6
MONTHS

(a)

Sq/hr.

> 1
■XEAR

(b)

(b)
minus

(a)

1 R.R. 22 E+ Et 1 .44 2.52 1 .08
2 F.W. 4 15 Et Et 2.o8 4.52 2.24

9 A.To 5 15 Irh 5.54 10.50 4 .96
4 M.B. 9 14 -ve Irt- 0 .12 2 .08 1 .9 s
5 N.K. 5 18 *-»ve «ve 0.00 2.14 2 .14
6 H.H. 22 ” ve I t 0 .58 4 .60 4 .22

7
'If

H.S. 6 12 Et Et 5.OS 9.30 6.22
8

'X*
E.W. 21 Et I t 8 .68 17.18 8 .50

9 S.M.*** 15 Et Et 7.50 10.56 2 .86

mAN 5.89  . 16. 89, 5 .20 7 .00 .5 .8 0

i s m 0.59 1 .52 1 .09 1 .72 0 .80

The increase in  acid output between 5 - 6  months, and more than 1 year, 
a fte r  HSV i s  s t a t i s t i c a l ly  s ig n if ic a n t , t  -  P (  0.01 ;

P atien ts 7 and 8 had HSV performed for "duodenitis’* assoc ia ted  with  
gross hypersecretion.

P atien t No. 9 had a sm all (TOg) resec tio n  o f p a r ie ta l c e l l  mass, in  
addition  to  HSV. He was one-of the f i r s t  p a tien ts  treated  by HSV, 
in  January 1969* and i s  not Included in  the f i r s t  100 cases, 
because o f the added, g a str ic  re sec tio n .



TABIÆ III
ANALYSIS OP INSULIN TESTS HE370RE AND AFTER HSY BY MULTIPLE CRITERIA

CRITERIA FOR POSmVE 
RESPONSE

n

BEFORE
HSV

-  10

1
WEEK
100

5 - 6
MONTHS

7

6 - 1 2
MONTHS

4

1 - 2
YEARS

55

1 ) Hollander^^ acid  
concentration  
increase  
20 mEq/ 1

% tve

10

100.00

5

5*00

5

42.90

2

50.00

20

57.10
B2 a) E ar ly -p ositive  , 

in  1s t  hour a fte r  
in su lin

% tve

10

100.00

0

0 .00

2

28.60

•1

25.00

■8

22.90

2 b) L ate-p ositive^ ,
in  2nd hour a fte r  
in su lin

0 5 1 1 12

5 ) Stempien^ 1962 
- acid  output increase  

of 0 .25  iiÆîq/hi%
10 4 4 4 24

4 ) Bachrach^® I962
acid  output Increase 
o f  1 niEq/hr.

10 2 5 1 17

11
5) Bank e t  a l .  I967 

acid output increase  
o f  2 iiEq/hr.

10 1 1 1 14

IP6 ) G ille sp ie  e t  a l .  1970 
acid output increase  
5 X BAO

10 5 5 2 17

7 ) Bachraoh^® 1962
spontaneous acid  output 

^ 2 lîiEq/hr.
10 6 1 1 6



TABMî XV

ANALYSia OF INSULIN 'ElîSX'S BEFORE Affli AFTER HSY 

BY mLTIPIE œiTERIA

.̂•ĉsMFSI

OT'ÎBER
DP

p o s m « ï
a m m m

.wtf—m; 1, 11 #d", V—̂

BEFORE
HSV

(1 0 )  0

W:»*.4' H** <̂|TI»>LfMf#

1 S'ffiSC 

(100)

Aï

5  “ 0  

M0MTH3

(7)

M'wà llllMKI**!,..*—

■'HiR HSY

u «• 12 
ÏWJ.HS
(4)

1 2 

(53)

YEARS
0 of 

55

? ( t ) 10 1OC0 0 0 1 0 0

6 (4) 0 0 0 0 G 9 23,7

3 ( t ) 0 0 1 2 0 3 14 .5

i\ (-0 0 0 1 0 0 2 5,7

3 (4) 0 Ü 1 2 1 2 3,7

2 (40 0 0 0 Û 0 4 1 1 ,4

1 (4') 0 0 1 1 4 1 1 ,4

0 (4.) 0 0 91 2 1 9 25 .7
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TABLE V I

COMPARISON OF RESULTS OF INSULIN TESTS AFTER E3V IN LEEDS

(VLITROUT ANTRAL MAPPING) WITH THOSE AFTER "PARIETAL CELL" VAGOTOMY (PCV)

IN COPENHAGEN (WITH ANTRAL MAPPING)

COPENHAGEN PATIENTS 
^  6 MONTHS AFTER PCV

DEEDS PATIENTS 
\  1 TEAR AFTER HSV

NUMBER w

INSULIN-POSITIVE 
(Hollander’s c r ite r ia )

32 35

15 = W 20 = 570

EARLY-POSITIVE 
( in  f i r s t  hour)

7 = 22?̂ 8 = 230

MEAN PAÔ
(mEq per hour)

4 .27  ±  1 .06 3 .7 4  i  0 .62

MEAN PĤ
(mEq per hour)

3 .51  + 0 .89 3 .0 7  + 0 .55

T itra tion  was to  pH 7 in  both c i t i e s

PAO = peak^^O-nilnute acid  output x 2 
IPH peak-hour acid  output a fte r  in su lin

(unpublished data, courtesy o f Professor Erilc Amdrup, 
U n iversity  o f  Aarhus, Denmark « formerly a t Surg, Dept* I ,  
KoniiTunehospitalet, Copei'ilaagen )
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CHAPTER 5

THE SNSÜLÎN TEST AFTER HIGHLY SELECTIVE VAGOTOMY

PART II: OH THE SîGHîFïGAHT INCREASE M
SPONTANEOUS, MAMMAL, AND INSULIN'" 
STIMULATED ACID OUTPUTS DURING THE 
FIRST 1 - 2  YEARS AFTER H8V

Di this section, we attem pt to answ er three main questions. 

F irs tly , does gastric  acid output increase signifieaniiy in the course 

ot the f ir s t  one to two years  afte r HBV? Secondly, if it  does increase , 

why does it increase ? And thirdly, wixat ia the significance of the 

increase with respec t to recu rren t u lceration? These questions iiave 

received passing attention in the preceding pages, but it is felt tîiat 

the question of vagal re-innervation  of the stom ach afte r HBV is so 

im portant that a separate  section should be devoted to it.

METHODS

These have been described in preceding C hapters.

RESULTS

Spontaneous acid output (BAO) In paired te s ts  on the sam e 17 patients, 

3 months and 12 -  24 months afte r HBV, BAO increased significantly



INCREASE IN ACID OUTPUT WITH TIME AFTER HSV.

mEq 
p e r hour

Pentcigcistrin 
' RAO(n=19)

T  Insulin tests 
mO(n=9)

Spontaneous
-■(BA0)n=17

8-22
MONTHS AFTER HIGHLY SELECTIVE VAGOTOMY

F ig , 1 These are mean acid  outputs ( + 1 SE) in  paîred t e s t s  on 
the same p a tie n ts , 3 months and 8 to  22 months a fte r  HSV. 
S ig n ific a n t increases were found in  spontaneous acid  
output and in  the acid  responses to  in su lin  and to
pentagastrin .



(p< 0.001), from  a mean of 0.6 mEq per hour to 1 .4  mEq per hour 

(Table I, F ig. 1). However, even a t the time of the second test, 

free acid was absent in 7 of the 17 te sts .
POPentagasfa^in-stimulated masdmal acid output (PAO ) In 19 paired

■pjp*
tests, mean PAO increased from 12.9 to 18.0 mEq par hour, a 

statistically significant increase (p ^0.01, Table n . Fig. 1).
T T

Acid output m  response to insulin (PAO' ) In 9 paired te s ts , PAO 

increased from a mean of 3 .2  mEq per hour, 3 to 6 mouths after HBY, 

to 7 .0  mEq per hour 12 to 24 months a fte r H,W (p^O .O l, Table HI, 

Fig. 1).

DBCUœiON

The oignificeiit increase in acid output C learly, the answer to the 

f irs t question is tlmt acid output does increase significantly in the course 

of the f ir s t  one to two years after The s e r ia l testa of MAO suggest

that most of the increase is over by about 10 montlis afte r HBV, because 

MAO increased significantly between 3 and 10 months, and beyond one 

year no further increase was found. However, only 7 patients were

tested f ir s t  a t 6 to 12 months, and again a t 12 to 24 months, and further
Ise ria l testing of MA.0 is desirable. The data on BAO and PAO (Tables 

Î and HI) certainly do not perm it a conclusion that spontaneous and



insulinestimxîlated acid outputs have stopped increasing 2 y ears  after 

HSV, and further studies a t 3 and 4 years will he required . However, 

as was mentioned e a r lie r , Amdrup performed insulin te sts  on 14 

patients 6 to 12 months after HB¥ hi Copenhagen, and on 18 (different) 

patients 12 to 24 months afte r H8V, and found that mean acid output 

ill the la tte r group was no higher tiian in the form er group. Thus, it 

seem s lUmly that the m ajor increase in gastric  secretion  takes place 

during the f ir s t  year a fte r E8V, and tlmt any subsequent Increase v/ill 

be sm all.

Eeason for the increase One m ust neKt ask  why secretion  increased .

Hypersensitivity of deneiwated parietal cells to circulating humoral
1stim uli is one possibility , but it  seem s an unlikely one, for two reasons.

2F irs tly , it was shown by M urray and Thompson tliat hypersensitivity

was a t a  peal?: two to three weeks after denervation and declined with
3subsequent reinnervation. Sim ilarly, Mxxren showed that hyper- 

sensitivity in the stomach after vagotomy was ma^dmal within the f irs t  

month and subsequently declined. Thus, the fact that the significant 

increase in gastric  secretion took place between 3 and 15 months after 

HSV casts doubt on the hypothesis tlmt hypersensitivity is the cause of 

the increase . The second objection to the ’̂hyperseneitivlty’' hypothesis 

is provided by the observation that more pentagastrin, not le ss , is

:



needed to elicit MAO after truncal vagotomy , wîüch denervates the 

parietal ceil mass (PCM) as effectively as BBY does.

Another possible explanation for the Increase is that more

gastrin may have been released in response to the stimulus of insulin
5hypoglycaemia in the later tests tiian in thæe which were performed 

3 to 6 montiis after HBV. Yet significant increases in acid output 

were found not merely in the insulin tests, but also in the pentagastrin 

tests and in the measurements of BAO. If there was a common cause 

for the increase, it is unlikely to Ixave been increased levels of endogen

ous gastrin in the later series of tests, because in such circumstances 

acid output in response to the ’’maximaP^ doses of exogenous pentagastrin 

would not have increased. Another point against the idea that increased 

gastrin release was the cause of the rise in acid output is timt gastric 

enaptying was not defective tliree months after HSV, as judged clinically 

and by gastric intubation studies carried out at that time. This suggests 

tint the vagal nerve supply to the antral region was functioning well at 

three months, and hence that vagally-mediated release of gastrin was 

probably as effective then as one year later. Unfortunately, we liave 

been unable to obtain measurements of plasma gastrin concentrations 

after HBV, which would have been of great interest in this context.



I ï V

It seem s to us t te t  the most obvioiis explanation for the 

increasing acid outpute during the f irs t year a fte r HEY is aleo the 

m ost convincing; namely, that some degree of vagal re-innervation 

of the PGM talces place. The fact that only 3 of 100 insulin tests were 

positive by Hollander's c rite r ia  in the early  post-operative period, 

compared with 20 of 35 fifteen months la te r , lends weight to tiiis 

suggestion. M oreover, in the paired tests  a t 3 and 15 months afte r HBV, 

the g rea test percentage Increases In acid output were found in the 

responses to the insulin te st, which is the recognised te st for integrity 

of the gastric  vagal fibres. Where and how vagal re-innervation of the 

stomach might have taken place is not c lea r. Regenerating vagal fibres 

could Imve re-grow n down the oesophagus or entered the le sse r  curvature^ 

while ''sprouting'' of intact vagal fibres'"'^ in the an tra l region might have 

produced re-innervation of the distal part of the PCM. It lias been shown 

by M urray and Thompson that if 90 per cent of the preganglionic 

sympathetic supply to an organ is cut, the rem aining intact nerve fibres 

sprout new fibres which grow out to connect up with the denervated 

effector organ. Recovery of function in these circum stances may be 

complete within one to two montiis. The vagus nerve was also shown to 

be capable of sprouting. If only 1 per cent of an organ 's nerve supply 

was left intact, the process of reinnervation was prolonged for many



montlîs and recovery offiinction was far from complete for up to one 

year after operation.

"Sprouting" from intact nerve fibres might thus provide a 

plausible explanation for the increase in acid output which took place 

between 3 and 15 months after HSV, because the distal quarter or so of 

the stomach is  deliberately left innervated at the time of operation. 

contrast, since the entire stomach is vagally denervated by truncal or 

selective vagotomy (TV, SV), sprouting is  a much less likely explanation 

for any increase in acid output which might talte place after tlxese types 

of vagotomy. Yeii we Iiave found (Part in) that both mean PAO  ̂and 

the incidence of Hollander -positive responses were sim ilar in patients 

who were tested more than one year after TVfP or SVfP, to those which 

were found after HSV. Tlüs suggests tliat there may be a cause for 

the cirnnge in the insulin response tliat is common to patients after all 

three types of vagotomy. If there is a common cause, it is  less likely 

to be nerve sprouting, and could well be nerve regeneration of the 

classical type, with new nerve fibres growing from the central stump 

to reach effector organs in the stomach. Tiiese considerations are of 

course in the realm of hypothesis, and it must be admitted that 

although there is a good deal of evidence that the PCM acquires 

some measure of vagal reimiervation after HSV, we do



not kiKiW precl0oiy iiow tlia relmiervakloa lo teoiîgiifc about.

Qiiv findiBg of ivœrsasiiig acid outputs dusking ths fira t

yefXT aftsi’ HS¥ ia  rnaax ia a t varJanca vdth tha ftedtogy of Griffith
T"»9and Ms colteaguss , who pexiormed delibsratoiy-iiieom pleto vagotomy 

m ra ta  and doga, and iooked for evidence of vagal retoaorvatioa na tim e 

la s s s d , by two separate methods, Tixg th r j t  w m  to  map tlx© area of. 

iaaexwatod gastric  îxxixeosa by lixs isteavsnoixs tejaction of the dye, 

neutral rod, wMch was socroWxl from tonorvated, but not from 

dssisrtmtsd, gastric  mueosxi. Tîia second motlxoi was to sTaeasux'S 

gastric  aeid ontpot, and to record  tlx© ssvex'ity ol the «Iceratioa 

px’odueeci by ligation of the duodenum, ixt varfinss in tervals after 

vagotomy, Heitker method yielded evidence of significant vagal r e -  

inxxervation of the atonxach, in obssi'Vîitîong axîtendiixg fox* 12 to 15 

xBonttex aStes." partial gastric  vagotomy. Sisniter eoxxeluBiosis were
tox'exxchad by Spencer and Btoning" , who perforxxxed Incomplete vagotomy 

in dogs equipped with fistu las of the whole stom ach. They found that 

aeid outputs in response to hiatamino and tasisita did not iixcreasû 

significantly dnx’tog tto  8 xnontixs aftos? opération. We a re  imabio to 

exsplate the differonco bstweexx our findings in man, and those of other 

w orkers in an W als . P e rtep s  the diffsi^anc© in the s'xsaies studisd xvas 

the cjmsiai i a e to r .  It should bo noted tlihx our finxllngs a re  not in



11disagreem ent with those of Bell “ . Although he found no significant 

increase in the augmented histamine response in the course of the 

f irs t  three years  after TV in man, whereas we observed a  significant 

increase in üie response to pentagastrin afte r HSV, Bell used as his 

"baseline" the m easurem ent of WiAO obtained one week afte r operation, 

w hereas o u t  "baseline" m easurem ent was that made 3 months after 

operation. If MAO one week afte r HBV is  compared with MAO in the 

sam e patients 16 months la te r , no significant difference is found 

(Table I , Chapter 4, PART II).

Clinical sigaificance of the increase in acid output At present, it is 

not c lear what these increaeea in acid output mean in term s of 

recu rren t ulceration. Although they a re  sta tistically  significant, they 

might be unimportant clinically. On the otlBr liand, they might be the 

harbingers of recu rren t u lceration. It ia im possible to tell a t the 

moment* Certainly, the large increases in MAO which were recorded 

in patients No. 13 and 17, for esmmple, (Table E) a re  disquieting, and 

m ust surely ba associated with an increased r isk  of recu rren t ulceration, 

However, it seem s lilmly that, in most patients, reiimorvation (if that 

is the co rrec t explanation) affects only a  sm all proportion of the PCM, 

because even m ore than one year after HBV, the mean reductions in 

BAO (76 per cent) and MAO (62 per cent) a re  little  different from  those



recorded m patients after TV or BY with drainage. In addition, the
1mean peals: acid response to insulin (PAO‘) increased to a level that

PGwas only 10 per cent of the pre-operative PAO , whereas before
Ioperation the mean PAO elicited from the vagally-innervated PCM

PGwas 75 per cent of PAO

The sim ilarity  of the mean acid outputs (PAO^^ and PAO^) 

after TV, BY and HS¥ described in P a rt E l, could be explained on the 

basis tliat vagal reinnervation also takes place after TV and 8V, 

particiüaiTy since we now Miow that 50 per cent or more of the insulin 

responses eventually loecome positive after TV or SV. If this line of 

reasoning is co rrec t, it would suggest that the r isk  of recu rren t 

ulcération might not be g reater after HSV than after TV or SV. The 

risk  of recurrence would foe low, if the surgeon was a  good vagotomist, 

as proved by the resu lts of the insulin te st in the early  post-operative 

period, whereas the r isk  would foe great if a  high incidence of positive 

responses to insulin, particularly of early-positive responses, were to 

foe found a t t te t  tim e. Bo fa r , no patient has developed a recu rren t 

u lcer after HSV, and no correlation 1ms been found between the resu lts  

of tests of gastric  secretion and the clinical status of the patients. Both 

the patients who came to re-operation on account of suspected recu rren t 

ulceration ted  negative insulin teste on repeated testing. The lack of



recu rren t ulceration afte r HS¥ may already ba of clinical significance, 

despite the short period of follow-up (maximum, 39 months, mean,

19 months), because recu rren t ulceration after TV or BV plus 

drainage is eliaracteristicaily  early , presumably because the ulcer 

is left in situ , and if a  suitable clmnga in its  environment has not been 

aeliieved, it either does not heal a t a ll, or e lse  it recu rs  within a  year 

or two. Tliat said, there can be no substitute for a  careful 6-to 10-year 

clinical follow-up, and the optimism engendered by the good clinical 

resu lts  achieved so far m ust s till be tempered with caution about the 

outlook in the long te rm .



Table I

SPONTANEOUS ACID OUTPUT (BAO) - mEq per hour

titration 
THEE BAG (to pH 3$5) 3AQ (to E

Ho. PATIENT (1) at
3

MONTHS
(2) at
12-24
MOHMS

(2) - (1)
4

(1) at
3

MONTHS
(2) at
12-24
MOMffitS

(2) - (1
4 M

1 R.R. 0 1.08 1.08 0.27 I.5Û 1.09
2 R.P. 0 1.6:5 1.6^ 0.20 2.04 1.84
3 G.W. 0 0 - 0 0.15 0.15
if- G.M. 0 0 0 1.04 1.04
5 E.D. 0 0 - 0.04 0 . .

6 A.W. 0 0 0 0.43 0.43
7 D.A. 0.42 0.52 0.10 1.68 1.43 0.2
8 E.A. 0.38 0.90 0.52 0*78 1.92 1.14
9 J.Ï. 0.42 0.10 0.32 1.12 0.56 0.51

10 E.L. 0 0 0.14 0.13 1=:
11 P.S. 2.54 2.21 0.33 1.57 2.86 1.29
1 2 H.H. 0 0 cs 0 0.31 0.31
13 P.W. 0 1.55 1.55 0*19 2.11 1.92
14 A/T. 1.60 2.88 1.28 1.98 3.47 1.49
15 c.c. 0 0 .44 0. # 0 1.15 1.15
16 M.B. 0 0 =: 0 1.00 1.00
17 N.K. 1.96 2.26 0.30 2.76 3.26 0.50

MEAN 0.45 0.80 0.365 0.65 1.37 0.738
±  1 3.E.M. 40.18 40.22 40.150 +0.21 40.27 4

t - 2.433 SE 0.177
P < O0O5 t == 4.169

^ 0.02 n = 17
p ^ 0.001

L



Table II
PEffî’ACfASffllK-STOÜIATED m X B K ü  ACID OUTPUT

W*ttï»<*WtïW.i:
PX,AK ÀCÏD OUTPUT TOÏA.L-HOUK ACID OUTPUT

(peak-20-RKLn. % 3)
iîlKq/h!' rrEo/hr

Ko. PATIENT #!#*##< ■■fc LTir*m»J
(1) at (2 ) a t (2) -  (1) (X) at (2) a t (2) -  (1)

3 V ■* 12 > 6 .« 12
im m ss I'jOKIHS 4- - ViomnB HOH0ÎS V»

»6jWw(M*WW
X H.H. 12.99 19.71 6.72 9 . 9Ô 1(;.31 6 ,35
2 iUP. 17.91 1 4 . # 3 .27 14.33 11.15 3 .18
3 ?.D. 1 .63 3.42 1 .77 1.07 2.19 1 .12
4 A*W. 18.18 29.73 11.55 12.28 23.55 11.2?

D.A. 20.31 26.61 6.30 15.35 a . 35 6.00
F. A, 5.13 11- 10.23 4 .16 11.91 7.75

? A.D. 23.37 18,00 5.37 17. # 15.05 2.81
o H.H. 9.6Ô 19*50 9.84 5.33 14.35 9 .02
9 C.C. 5.58 12,9: -̂ 7 .35 3 .37 10.24 6 .57

10 J.D . 2 .49 j>»84 1.35 1 .35 2 .76 0 .93
11 F.H. 11.34 14*94 3 .60 8 .53 11.98 3 .40
12 G.W. 11.13 1:5*65 2,52 8.28 11.02 2 .74
13 G.M. 17.37 5?«J>8 20,01 12.25 29.13 16.88

î&an or 13 12.09 17*67 3.585 8.8b 13.92 5.065

±  1 1.J3 4 il» * ï’.i . 1  1.9^ ■î” 2 «. -D 4- 1 , ±  1 .49 ±  2 .10 ± 1.553
t  » 3.022 t  = 3.261
p (  0 .02 p /  0.01

<iTi''̂fcirÎTif ffi «*'
a t at

kWvWii*
a t at

3 12'* 24 3 12-24
Î40MHS m im iB î'soœîs MONTHS

•aŝ* s-Aî r#̂iPT* **«%«#
14 J . I . 8 .40 10,02 1.62 6 .97 7 .07 0.10
15 Eb35. 3 .0 0 6 ,15 3 .15 2 .03 3.84 1.81 i
16 P.C. 21.6ij 17.08 4 .58 16.17 16.10 2 .0 7
17 s .a . 24.00 46.86 22.86 17.01 31.87 14.86
18 F.W. 8.23 24.54 lù .29 7 .12 18.90 11.78
19 A. To 21.75 26.22 4 .47 ig.f>8 20.99 1.41
TmN o7T F "” ” 12. 83"" 6.127 9 .79 14. 7a 4.933
4 1 S.E .M . + 1 .73 ±  s .  54 ;!; 1.766 ±  1 .38 ±  1 .89 + 1.342

t = 3.469 t  »■= 3.676
p ^ 0 .0 1 p ^  0 .01

,<»il K*



Table III
PAIRED INSULIN TESTS IN PME S M E  PATIENTS 

(1)3 - 6, (s) 12 - 24 montlis after HSV

PAO = peak.'30-ml.nute acid output x 2 « mEq/hr

NO* PATIENT 3
MONTH

(1)
- 5 M O m
RESULT

111 1

HS
PAO^
mEq/hr

12
MONTH

(2)
- 24 M03\
RESUX.T
"**h**«#*'**' »#ti'

THS
PAO^
fflEq/br

(2) - (1)

mEq/hr.

1 R.H* 3 m 1.44 22 E+ 2.52 1.08
2 F.W* 4 Ef 2.08 13 E4- 4.32 2.24
F A*T. 5 Id- 5.54 15 Ifi 10.50 4.96
4 M*B. 3 -ve 0.12 14 L4 2.08 1.96

3 N*K* 5 -ve 0.00 18 -ve 2.14 2.14
6 H.H* 3 “*ve 0.38 .22 Irl* 4.60 4.22
7

v(-S.M* 3 a- 7.50 13 E4" 10.36 2.86
8 H.sX 6 EH- 3.08 12 E-1- 9.30 6.22
9 E.w4 3 E+ 8.68 21 Ifl’ 17.18 8.50

ÎVÏÏ2AN (9) 3.89 3+20 16*89 7.00 3.80
•î" 1 SE ■ +0.39 41*09 ± 1.32 i 1.72 +0.80 

t =» 4.75
p  ^  0.01

•îl"SM had HSV 4* a small (70J) segmental gastric resection* He was one 
of the first patients to be treated by HSV*

1 HS and EW were hype rse ore tors > with dyspepsia and giant mucosal folds 
in the duodenum^ but no definite duodenal ulcer at operation* 
Both were treated by HSV. Et, early-positive, Lt, late-positive.

1
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CHAPTER 5

THE maULIN TEST AFTER HIGHLY SELECTIVE VAGOTOMY

PART m: COMPAEBON OF GASTRIC ACED OUTPUTS
IN RESPONSE TO INSULIN IN HEALTHY 
PATIENTS MORE TH7 N ONE YEAR AFTER 
TRUNCAL, SELECTIVE OR HÎGHIY SELECTIVE 
VAGOTOMY

A review of the litera tu re  (see P a rt I) and our own data, 

indicate that the incidence of (Hollander^ positive responses to insulin 

is  no less than 50 to 60 per cent, m ore timn one year after each of the 

three types of vagotomy* It would be of g rea t in terest however to 

!mow whether the actual acid outputs were also  equal after the three 

types of vagotomy* Accordingly, acid outputs in response to insulin 

w ere compared in patients who war • in good health, m ore tîian one 

year afte r TV, SV, or HBV. The operations had a ll been performed in 

the University Department of Surgery in Leeds, and completeness of 

the vagotomy iiad bean demonstrated by the finding of a negative 

response to insulin in the early  post-operative period.

The method of insulin testing has been described. Acid
Ioutputs a re  expressed as PAO , the output in the psak-30-minute period 

after insulin, multiplied by two: and as the output in the peak hour 

afte r insulin.



B.E8ULTB

HSV patients (Table V, P ) Mean PAO^ in 35 patients was 

3.74 2  0*62 mEq per hour.
ÎPatients after trmical vagotomy and pyloroplasty Mean PAG in

23 patients was 3.14 2^0.79 mEq per hour. Eeaults in one patient 
I

whose PAD was 42.5 mEq je r  hour were excluded when the mean 

figure was calculated (Table I).
T

Patients aftex' selective vagotomy and pyloroplasty Mean PAG in 

16 patients was 3*50 1.10 mEq per hoiw (Table II).
I

The comparison of PAO in the three groups of patients 

is sum m arised in Table ill.

D3BCU88ÎON

In malting these comparisons of insulin-stim ulated acid 

outputs more than one year after vagotomy, we tried  to avoid 

any suggestion of Mas in favour of HB¥, by excluding patients 

who were known to be in Visiek grade IV after TVx-P or BV-i-P (thougii 

two such patients after HSV were included), and also  by excluding 

patients who had evidence of incomplete vagotomy on the early  post

operative insulin te st. Thus, the Visiek status of the HSV patients was 

representsitlve of the group as a whole, whereas the Visick status of



patients after TvVF and JV-i-F was ra th e r better than tixat of the 

group from which tiiey were selected. The ages, weights and p re - 

operative MA Os of the patients in the three groups were fairly  s im ila r, 

patients after TV-kP tending to be slightly older and heavier* Patients 

afte r TV+P also had a higher proportion of negative insulin tests  than 

had patients in the other two groups * A proxnlnent difference between 

the groups, however, is that HSV patients had their insulin tests 

perform ed on average 16 months after operation, whereas after TV4-P 

and .Jv-i-P the tests were done, on average, 25 xnonths after operation. 

This couL'J lavo biased the resu lts  in favour of HS¥, if acid outputs 

a re  s till increasing between 16 and 24 mont .3 after HB¥* However, 

a s stated previously, there is reason to believe that the m ajor 

increase in secretion  has ceased by one year a fte r HB¥.

Mo significant difference was found between the acid outputs 

in response to msuim more than one year after HSY, TV-i-P or BY-hP 

(Table 111). It could be argued that with, perfect matching of the three 

groups, significant differences might iuive em erged, but it seem s 

very unliiiely. HSY seem s to vagally-denorvate the parietal cell 

m ass as effectively as T¥-i-P or 8YYP, a t least for up to two years 

after operation.



I Oô

SUîvmARY

ïnBiüiu-stimiüated acid outputs were compared m 

patients who were in good health, more than one year after HSY, 

TY+P or BY-fP . No significant differences between the acid 

outputs in the three groups of patients were found.
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CHAPTSE 5

THE ÎDÎBÜIJN TEST AFTER HIGHL3r SSI,ECTIV?3 VAGOTOMY

PART W: COMPARISON OF SPOOTAKSOUS, MAXEvlAI,
AND MSULm-^TIMULATED ACID OUTPUTS,
IN TWO GROUPS OF PATTE:NT8 WITH HOLLANDER
“P œ rr rv is  in b ü l m  t e s t s : g r o u p  i ,  m o r e
THAN ONE YEAR AFTER ÏKIV, GROUP H, l/’HTH 
RECURRENT ULCERATION AFTER TRUNCAL OR 
SSI,ECTIV)3 VAGOTOMY "iWTH .PYLOROPLASTY

Most patients with recu rren t duodenal u lcer afte r TV+P or

SVfP have (Hollander-) positive InBulin testa '  ̂ but moat patienta

with positive insulin testa do not develop recu rren t u lcer * More than

50 per cent oi patients a fte r TV, BV or HBV eventually develop positive

responses to insulin^ but only 5 to 10 per cent develop recu rren t 
7ulceration . Thus, the concept of incomplete, but adequate, vagotomy

g
and of inadequate, incomplete vagotomy , appears to foe valid.

For reasons stated previously, we thinl'c tliat a  positive 

response to Insulin afte r E8V probably means that part of the parie tal 

ceil m ass has become re-innervated . That is , the vagotomy is 

incomplete. To try  to a sse ss  whether the incomplete vagotomies which 

w ere dem onstrated in over 50 per cent of patients a fte r HS¥ a re  

’̂ adequate** to achieve permanent healing of the u lcer, o r ^^inadequate^^,



we compared the positive responses to insulin wMch were recorded
(Table Î)

more tlmn one year afte r operation in 20 H8¥ patients,/w ith the 

positive responses to insulin which were recorded in patients with 

recu rren t ulcez’ation after T¥>P or SV-^P. It is recognised that a 

diagnosis of recu rren t ulceration can be an e^ctremely difficult one to 

maiæ, even when the abdomen has been opened. However, a  confident 

diagnosis of recu rren t u lcer was indeed made a t laparotomy In many 

of these patients (Tables H and HI), and in the rem ainder the diagnosis 

was strongly suspected because of the occurrence of haem atem eeis, 

rneiaena, or because the patient complained of pain sim ilar to tliat of 

his origHml u lc e r . All these patients Imd been placed in Visick grade 

IV at the G astric Follow-Up Climc.

METHOD

Each patient underwent an insulin te st, which in most cases 

was performed more than one year after operation. An Intram uscular 

psntagastrin te s t was a lso  carried  out hi most of the patients, usually

on a separate day, but sometimes immediately afte r the insulin te st.
PCThe pentagastrin response is expressed as PAO (pealc-20-minute 

output X 3) and the insulin response as PAO (pealc-30-minute output 

X 2), in mEq per hour. 20 patients had positive insulin tests more



than one year after ïfâV. 25 patients were studied who had positive 

insulin tests and recurrent ulcer after TV+P, and 8 patients who had 

positive insulin tests and recurrent ulcer after 8V+P.

RBSOLTS

Patients after HSV Eight had early-positive responses to insulin, 

and 12 had late-positive responses. Mean BAO was 1 .7  4- 0 .3  mEq
Ïper hour; mean PAO , 20.8 + 2.1 mEq per hour, and mean PAG 

5.4  + 0 .9  mEq per hour (Table I).

Patients with recurrent ulcer after TV+P The insulin response was 

early-positive in 14 and late positive in 11. Mean BAO was 5 .6  +
"PC

0 .6  mEq per hour; mean PAO , 37.6 + 2.4 mEq per hour, and mean 

PAO 1 5 . 7 + 1 . 9  mEq per hour (Table H).

Patients with recurrent ulcer after SV+P The insulin response

was early-positive in 6 and late-positive in 2. Mean BAO was 4 .0  +
PG0.3 mEq per hour, mean PAO , 38.7 + 4 .1  mEq per hour and mean

I
PAO , 17.0 + 3.2 mEq per hour (Table m ).

A summary of the data from Tables I -  El is  presented
Îin Table IV. In Fig. 1, BAO and PAO for each patient are depicted.



BAO an d  RftO* IN PATIENTS WITH POSITIVE INSULIN TESTS, 

(A) >1yr AFTER HSV.lB) WITH RECURRENT UlCER AFTER TV. SV,+ R

INSULIN
STIMULATED

RftO' 
mEq 

per hour

3&

3a

25.

2a

15.

10.

5.

S)

®

• ® oo ® °°o ®
. .1 ° °#

# f l
• . 0 ;
> 1
% # }

ck

o

o o
•  HSV.(2C^ 

O TV+R(25) 

® SV*R (8)

5 10 15
SPONTANEOUS ACID OUTPUT mEq per hour

Patienta with positive insulin tests by Hollander*® criteria  
after E^V (small black dots) have significantly lower acid 
outputs tlian patients with both positive insulin tests and 
recurrent ulceration after truncal or selective vagotomy 
with pyloroplasty.



Patients a fte r HS¥ differed significantly from  the patients • 

with recu rren t u lcer (Table ¥ ), in that their acid outpute were 

significantly lower (p ^0 .0 0 1 ). As the dotted  rectangle in Fig. 1 shows, 

an a re a  can ba defined which includes 18 of 20 HBV patients, but only

4 of 25 patients a fte r TV-i-P and 1 of 8 patients a fte r 8 V f P . Calculation
PG* 1of the product of BAO x  PAO x PAO" did not improve further the

discrim ination between H8V patients and the patients with recu rren t
Îu lce r. PAO' was g rea ter than 10.5 mEq per hour in only 1 of 20 

patients after E8V, but in 19 of 25 patients a fte r TV-^P { )(^ »

6.82, p ^0 .01), and in 6 of 8 patients after OV -̂P ( )(^ « 6.89, 

p ^ 0 .0 1 , comparing H8V with TVi^V combined). BAO was g rea te r 

tton  3.1 mEq per hour in 2 of 20 patients a fte r H8V, in 19 of 25 patients 

after TV>P ( )(^ -  5 .36, p ^0.05) and in a ll 8 patients after SY-i-P 

( )(  ̂ - 5 . 8 7 ,  p<0 .02 ,  HSVvs TY-hSV). PAO^° was greater than 

30 mEq per hour in only 1 of 20 patients a fte r H8V, but in 16 of 22 

patients a fte r TV-fP ( )(^ -  6.55, p ^ 0.02) and in 6 of 8 patients 

after SV+P ( )(  ̂ = 6.69, p^O.Ol, HSVvsSV+T¥).

DIBCUSSIOM

I
Em the preceding section, it was shown that PAO more tliaii

Îone year after HS¥ was very similar to the PAO of patients who were



in good health more tlmn one year after TV-KP or SV-i-Pa In stiiM ng 
Ï pr4contrast, PACT, PAO' ”* and BAO were all MgMy significantly lower 

in patients with positive insulin tests afte r H8V than in patienta with 

positive insulin tests  and recu rren t u lcer afte r T W P or BV-t-P. A 

few H8Y patients, such as numbers 2, 7, 10 and 12 (Table I), 

certainly have alarmingly high acid outputs; but, as a  group, the 

E8V patients have quite different characteristics of gastric secretion

from those of patients with recu rren t u lcer. PatienW who have a
ÏBAO of less than 3 mEq per hour and a PAO of less than 10 mEq 

per hour more than one year after vagotomy would appear to run 

relatively little risk  of recu rren t ulceration, although they a re  not 

entirely Immune from the threat of recu rrence . .It seem s reasonable 

to conclude that all 15 patients who remained ioeulhi-negative more 

than one year after H8Y have Imd au adequate vagotomy, and that 

moat of the 20 patients who were insulin-positive a t that time have 

also had an adequate vagotomy.
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THE RESPONSE TO A TEST MEAL AFTER H8V

PART Ï: The choice of stimulant of antral release of gastrin;
comparison of meat extract, acetylcholine and
alcohol.

PART H: The effect of Mghly selective vagotomy on the response
to a test meal; comparison with the effects of 
truncal and selective vagotomy.



Chapter 6

THE BESPONBS TO A TEST MEAL AFTER H8V

PABT Î: THE CHOICE OF STIMULANT OF ANTRAL RELEASE 
OF GASTRIN: COMPAHBON OF MEAT E3STRACT, 
ACETYLCHOLINE AND ALCOHOL____________ ____ _

ïu view of the key position which the antrum holds in surgery

for peptic u lcer, it seem ed desirable tliat a standard test of antral

function should be developed for use in man. We wished in particular

to study the effect of the three tjrpes of vagotomy on the response to a

test m eal. Such a test would depend upon the release of gastrin from

the antral mucosa in response to chem ical and mechanical stimulation.

In the dog, acetylcholine has been shown to provide the best stimulus to 
1

gasti’in release '. In man, no formal comparison of different antral 

stimulants appears to liave been made, though several groups of workers 

found that a solution of meat extract evoked the secretion of large 

amounts of acid \

In an attempt to develop a satisfactory test of antral 

function, we compared the response to meat e:dract, acetylcholine or 

alcohol with the maximal acid output in response to pentagastrin in the 

sam e subjects. The reproducibility of the response to meat extract 

was also assessed .



PATIENTS AND METHODS 

PATIENTS 47 patients with duodenal u lcer (DU), 2 patients 

with gastric ulcer (GU), 2 patients with *®X-ray-negative” dyspepsia 

and 7 norm al subjects (N) partieipated. The diagnosis of DU or GU 

was made radiologically and was confirmed a t operation. The 

patients with ulcer were tested shortly before operation and their 

ulcere were either active a t the time of testing, o r liad recently been 

active. Details of the subjects* ages, weights and sex a re  given in 

the Tables.

METHOD Each subject underwent a t least two tests  on separate

days, the gastric  secretory  response to one of the three te s t meals

being compared with t te t  elicited by a ^maximal* dose of intram uscular
5pentagastrin (PG) , The teste were done in random order* In 6 DU 

patients, acid responses to meat extract, acetylcholine and PG were 

m easured on separate days* The volume of each test meal was 100 mi, 

and it was given a t room tem perature.

T est m eals (1) Meat eictract (0X0) Three cubes of 0X 0 were 

dissolved in water to make a 100 mi solution and the pH was adjusted 

to 7 with m olar sodium bicarbonate* 26 tests were performed*

(2) acetylcholine chloride 0.2 per cent solution was used in 13 te sts ,



0 .5  per cent in B tests and 1 per cent in 4 tests. The pH of these 

solution© was 5 .9  to 6 .0 .

(3) alcohol a 10 per cent solution of ethyl alcohol in water was used 

in 6 tests, and a 1 ; 1 solution of Scotch whisky (70 per cent proof) and 

water in 4 tests. The pH of the 10 per cent alcohol was 5 .9  and of the 

whisky 4 .0 .

Antral stimulation test The methods used in collecting gastric secre

tion were described in a previous section. Spontaneous (basal) secretion  

was collected for 30 to 60 minutes, in 15-minute sam ples. The suction 

was then disconnected. The patient sat in a chair, and the 100 ml test 

m eal, at room temperature, was syringed gently down the tube, which 

was then spigoted. Care was taken to prevent the patient sm elling the 

0X 0 solution. (In the four tests with Scotch whisky, the alcohol was 

talcen orally). The test meal was left in the stomach for exactly 15 

minutes, to stimulate release of gastrin. No suction was applied during 

this period. At the end of the 15 minutes, the patient lay down again, 

the suction v/as recoimected, and the gastiTc content aspirated for 5 

minutes. With the suction still connected, the patient dranlc 200 ml of 

tap-water rapidly to wash out any of the test meal tlmt still remained. 

Recovery of this water was usually very rapid (within 2 minutes) and 

the collecting flask was emptied again at the end of 5 m inutes. For the 

ensuing hour the gastric juice secreted in response to the test meal was 

aspirated by means of continuous suction, the collecting flask being
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ciiangsd every 10 m inutes. After the volume of each sample of gastric 

juice Imd been measured, the juice was filtered tlmough gauze, its  

pH was measured, and a 1 ml aliquot titrated to pH 7 v/ith 0 .1  N NaOH 

on a Radiometer TTTI autotitrator. Acid output in mSq per hour was 

expressed both as 'total-hour* output (T.H.) and as 'pealc* output (PAO), 

wMch is  the acid output in the two highest consecutive 10-minute periods 

multiplied three.

P enta^strin  test The methods used have been described . The 

dose of Peptavlon (ICI) was 6 ug per kg, given intram uscularly. The 

gastric secretory response was followed for 1 hour, the collecth^  flask

being changed every 5 m inutes. Acid output was expressed as PAO"
PG and TH" .

Eeproducibility of the 0X 0  response M 9 subjects, the 0X 0 test 

was repeated, a fte r an interval of 1 to 0 days (52 days in one subject).

o irn
Eeaponse to 0X 0 ïn 26 teste in patients with DU, mean PAO

PGwas 21.7 mEq per hour, 47 per cent of the PAO , which averaged

47.8  mEq per hour (Table I, Fig* 1). The response to 0X 0 ranged
PGfrom  11 per cent to 86 per cent of PAO , but was le ss  than 33 per cent 

of PAO ^^ in only 3 of the 26 subjects (Table I, F ig . 2). The profile of



the mean acid response to 0X 0 (Fig. 8) shows that the pealc acid output 

occurred on average between 0 and 30 minutes.

Response to acetylcholine (Ach) The 4 tests with 1 per cent Ach 

were unsuccessful, because the Ach produced vomiting in eadi te st.

Both the 0.5 per cent solution, in 8 te sts , and the 0.2 per cent solution, 

in 13 testa , elicited mean peak acid outputs t te t  were only 19 per cent
PG

of PAO (Table E , F igs. 1 and 2).
02C0Response to 0X 0 and acetylcholine in the sam e subjects PAO

was g rea ter tlmn in 5 of the 6 patients (Table ÎÎI). Mean
0X 0PAO was 12.8 ^ 1 .5  mEq per hour, compared with the mean 

of 7.4 2 ,8  mEq per hour.

Response to alcohol In 6 tests with 10 per cent alcohol, the mean 

PAO v/as 23 per cent of PAO^® (Table I¥ , F igs. 1 and 2). Half-

strength whisky (given orally) to 3 normal subjeeta and to 1 patient,
PG  Velicited a  mean PAO that was 37 per cent of PAO (range 24 to 45 

per cent, Table IV, F igs. 1 and 2).

Reproducibility of the 0X 0 response Although mean acid outputs in 

the second test were alm ost identical to those in the f ir s t  test (Table V), 

individual PAOs in the second te s t differed from those in the f irs t 

te st by a  mean of 36 per cent, 'Total-hour* acid output in  the second 

te st differed from that in the f irs t by 40 per cent. However, these mean



PEA K  ACID O U T P U T S  IN R E SPO N SE  TO PG.OXO.ACH.AND ALCOHOL

40
PAO.
mEq 30

perhour

20

10,

0
P en tag astrin  0X0 Acetylcholine 

0-5% 0 2%
Alcohol 

10% Scotch

no o f t e s t s :  57 26 8 13 6

Fia. 1 The 0X0 test meal elicited larger mean acid outputs 
(■Î* 1 SE) than did acetylcholine or alcohol*



COMPARISON OFOXO.ACH.AND ALCOHOL AS ANTRAL STIMULANTS

%
10Q

PAO
a s

Percent of 
Response 

to
Pentagastrin

Pentagastrin  0X0 Acetylcholine 
0-5% 0 2%

no o f te sts: 57 26 8 13

Alcohol 
10% Scotch
6 4

S The te s t meal of meat ex tract (0X0 ) e lic ite d  a peak 
acid output (PAO) which was about 50 per cent of 
the pealî acid response to  pentagastrin. Acetylcholine 
and alcohol were weaker stim ulants.
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RESPONSE TO 0X0 IN PATIENTS WITH DUODENAL ULCER BEFORE HSV.

ACID 
OUTPUT 

mEq 
per 

10 m inutes

1.

HîO 
O X O w a s h  
o u t ou tii

-  2 5 Mins - IQ  

25 P a tien ts  With 00  
Before Operation

0X 0 in Stomach
2 0  4 0

MINUTES
6 0

PlG. 3 This shows the tirne-relationship of u. . uean acid response 
( 2̂ 1 SS) to the test meal of meat extract, xvhich are in 
accord with what is known of the time»relationships of 
gastrin release in response to a meal in man*



differences a re  ^weightecP’ by the rasn its  in one subject whose two tests 

differed greatly  (No* G, Table ¥)* TAG in the second test was within 

20 per cent ox that in the f irs t test in 5 subjects ̂  and differed by 40, 41, 

01 and 119 per cent respectively in the rem aining 4 subjects.

à  solution of m eat extract (CJIIO) was found to be a much

more potent an tra l stim ulant than either acelyleholine or alcohol, in

patients with duodenal u lce r. A more concentrated solution of

acetylcholine produced vomiting. It seem s unlllmly that the sm all

difference in oH between 0X 0 solution, a t pH and acetylcholine or

10 par cent alcohol, a t pH 6, could have been responsible for the large

difference between the acid responses to 0X 0 and to the other test

m eals. Some evidence was obtained tliat half-strength Scotch whisky

is a more powerful an tral stim ulant than 10 per cent ethyl alcohol,

but since the v/hisi^y was given orally, vagal stim ulation probably

resulted , as well as gastrin  re lease , and no firm  conclusions can be
1dx'awn. Our findings differ from those obtained previously in d o g s ', 

in which 0.2 per cent solution of acetylcholine was found to e lic it a 

mean acid output that was 95 per cent of the ma^dmal response to



intravenous histam ine, whereas li mr ex tract and peptone elicited 

only 10 to 20 per cent of the ma;dmum. They confirm previous 

oîjservatlons*^’"'̂  that m eat ex tract is a powerful stim ulant of gastric  

acid secretion  in man. Although, in the absence of m easurem ents of 

plasma gastrin  concentration in this study, conclusive proof is lacking 

Üiat the acid outputs obtained were in response to gastrin  released  by 

the te s t m eals, such would seem  to he the likeliest explanation, 

because the cephalic phase was eliminated h f the use of a  tube to 

place the m eal in the stomach, the volume of the m eal was kept sm all

to avoid gastric  distension (and hence secretion In response to vago- 
6vagal reflexes ), and the time-’relationships of the secretory  response

to 0X 0 a re  consistent with a  response to endogenous gastrin  ’ .

The degree of reproducibility of the 0X 0 test is relatively poor
9compared udth tiiat of the augmented histamine teat , the pentagastrin

5 10 3te s t or the msuliii te s t . Both Weibourn and Burns and Giles and
3Clark had noted previously that reproducibility of the ŒCO te s t was 

relatively poor. Nonetheless, meat ex tract îiaa been shown to be a 

powerful stim ulant of gastric  acid output, eliciting acid outputs 

averaging 48 per cent of MAO. The 0X 0 te s t seem s to be the 

available method for the m easurem ent of an tra l secretory  function 

m  man.



SUMMARY

A comparlaoB was made of certain  weIl4mown 

stim ulants of an tra l gastrin  re lease , in patients with duodenal u lcer. 

G astric acid output in response to a te st m eal of m eat ex tract (0X0 

solution) averaged 48 par cent of the maidmal acid output (MAO) in 

response to intram uscular pentagastrm . Acetylcholine chloride 

solution (0.2 and 0.5 per cent) elicited an output averaging 19 per 

cent of MAO. Ethyl alcohol, in 10 per cent solution, elicited acid 

outputs averaging 23 per cent of MAO. Thus, of the substances 

tested, m eat ex tract provided the bast stim ulus to gastrin  re lease .

The reproducibility of the 0X 0 te s t, however, was relatively

poor.



I

AgPSMDIX 

COMPOSITION OP o im

Ingredients These a re  stated on the packet to be hydrolysed protein,

beef stock, flour, yeast ex tract, caram el, sa lt, beef ex tract, beef fat,

spices and onion powder.

Enquiry to the m anufacturers (Brooke Bond 0X 0 Ltd.),

elicited the followixig information. The total amino acid content is

appro3dmat0ly 20 per cent, made up from the 10 per cent derived from

acid-hydrolysed protein and 4 per cent from autolysed yeast ex tract.

Small quantities of amino acids a re  contributed from meat e^Éraet,

desiccated beef and the gluten contained In wheat flour. Qualitatively, the

whole range of naturally -occurring ammo acids is fomid in the 0X 0 cube.

The general analysis of the cube is as follows
per cent

w ater 10.0
ash 28.5
sa lt 26.9
T.N. (total nitroge.,' 6.0
protein 37.5
fat 4 .0
phosphate 0,0
calcium 0.17
magnesium 0.07
sodium 10,80
potassium 0,70
iron 250 ppm
copper 6 ppm
carbohydrate 15.0% (determined as

glucose)
nicotinic acid 180 iig /g

(Courtesy of P . O. Dennis, Clüef Chemist, 0X 0 and F ray  Bentos 
Division)
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Table IX
RESPONSE TO AGSTYLGHOLIMB COMPABED WITEi HSSPQNSE TO mmAQkSTBin

IN Tm SAME SUBJECTS

PATIENT AGE SEX WEIGSiT PAO^^^ v lo ^ 1 : 2 4 ™ 3 : 4
NO. YR. KG. niEq/hr iriEq/hr EBR CENT niEq/hr niEq/hr EEK CENT

1 48 F 63 5.46 25.62 21.31 5.15 22.70 22.69
2 49 M 68 3.36 31.05 10.82 2.46 27.82 8.84
3 51 M 83 12.24 35.97 34.03 8.06 25.79 31.25
4 24 M 70 9.00 41.19 21.85 7.43 30.55 24.32
5 45 M 66 10.14 55.08 18.41 7.27 44.41 16.37
6 35 F 83 2.91 48.81 5.96 1.96 36.08 5.43
7 41 F 51 7.20 39.09 18.42 3.29 30.86 10.65
8 36 M 66 9.24 38.16 24.21 6.77 29.69 22.80

Mean of 
8

41.13 68.75 7.44 39.37 19.38 5.30 30.99 17.80

t
1 SE 3.22 3.71 1.17 3.30 3.00 0.86 2.37 3.16

9 40 F 48 3.42 29.79* 11.48 2.59 23.34 11,10
10 43 M 67 0.90 23.82 3.78 0.54 19.23 2.81
11 21 M 52 4.95 37.44* 13.22 4.12 34.15 12.06
12 49 F 54 13.05 44.70* 29.19 7.59 31.10 24.41
i;? 52 M 53 10.86 53.19* 20.42 3.29 48.31 6.81
14 42 M 67 16.59 51.60 32.15 10.94 38.72 28.25
15 57 F 48 0.21 23.19 0.91 0.16 15.82 1.01
16 49 M 63 17.01 69.42 24.50 11.75 53.88 21.81
17 33 M 56 2.88 37.02 7.78 2.01 32.15 6.25
18 31 M 74 4.08 35.07 11.63 3.23 28.18 11.46
19 21 F 57 17.04 26.88 63.39 9.42 19.86 47.43
20 48 F 41 0.66 18.27 3.61 0.44 14.46 3.04
21 72 M 56 7.71 35.25 21.87 5.82 29.03 20.05

Mean of 42.92 56.62 7.64 37.36 18.76 4.76 29.86 15.11
13

t
*̂ 1 SE 3.95 2.52 1.80 3.97 4.64 1,11 5.32 3.63

-•5- pentagastrin test done ImmedlateO.y after the acetylcholine test. 
All 21 patients had duodenal ulcer.
0.5 per cent solution of acetylcholine was used, in patients 1 - 8, 

and 0.2 per cent solution in patients 9 - 2 1 .



T a b le  I I I

COMPARISON OF TEG GASTRIC ACID RESPONSES TO TEST MEALS 
OF 0X0 AND ACETXLCHOLINE SOLUTION IN 6 PATIENTS WITN DUODENAL ULCER

NO. AGE WEIGm» RESPONSE TO RESPONSE TO ACH PER CENT
AND (KG. ) 0X0 ACETXtiCHOLINE

0X0SEX (riiEq per hour) (mEq per hour)

PAO TH PAO TH PAO TH

1 21 F 57 15.47 10.66 17.04 9.42 126.50 88.57

2 48 P 41 13.59 7.59 0.66 0.44 4.86 5.80

!5 31 M 74 15.30 9.98 4 .08 3.25 26.67 32 .56

4 72 M 56 14.51 12.45 7.71 5.82 53.88 46.75

5 56 M 66 14.19 12.04 9 .24 6 .77 65.12 56.23

6 48 P 63 5.61 4.20 5.46 5 .15 97.33 122.62

MEAN
’h

42. 67 59.50 12.75 9.49 7 .37

MN "* "1 K.'

5.14 62.59 58.69

1 SEM 7. 23 4 .57 1 .45 1 .27 2 .28 1 .25 18.25 16.94

0*2 per cent so lu tio n  o f acety lch o lin e  was used in  p a tien ts  1 « 4 

and 0 .5  per cent so lu tio n  in  p a tien ts 5 and 6.

:
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O  ĈM ' p  eu b - .H ' VO Q  VO
o x v o  O  :U' O  m0 # 0 Q * O O # Qo O ' OJ O C O r H O X m OrH

i”*i rH t-i m

00 rH I—s I—i I—1

• « • « « « • • o
H-  CM rH .H* m  tfx vo V£> 

t A r—| CM rH rH

in 5  o  ^  & iRm â-
* * • * » • • ' « *
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TEE RESPONSE TO A TEST MEAL AFTER HBY

PART n  TEE EFFECT OF HIGHLY SELECTIVE VAGOTOMY ON 
THE RESPONSE TO A TEST MEAL: COMPARISON WITH 
THE EFFECTS OF TRUNCAL AND SELECTIVE VAGOTOMY

The mitrum of the stomach is the principal source of gastrin^

Stimulation of its  vagal nerve-supply leads to the re lease  of gastrin  in 

man^j as in the Division of its  vagal nerve-supply (in dogs)

has been shown to dim inish the output of acid from Heidenhain pouches^

For these reasons, during the 1960s surgeons were liappy to accept the
9advice of Nyhus, Harldns and their colleagues that if the antrum  was to 

he retained, ra th e r than being resected , in operations for duodenal u lcer, 

it m ust be vagally-denervated and rem ain in continuity with the 'acid 

s tre a m ', while an tra l stasia  m ust be prevented by the addition of a 

drainage procedure* This philosophy continues to dominate surgical 

thinking a t the present day, and nearly a il surgeons in Britain, if they do 

not re sec t tlxe antrum , a t least deprive i t  of its  vagal nerve-supply by 

performing truncal or b ilateral selective vagotomy.

Implicit in such a  policy is the belief that failure to vagally- 

denervate the antrum would lead to excessive re lease  of gastrin , to 

excessive outputs of acid and pepsin, and hence to an unacceptably high 

incidence of recu rren t ulceration. We iiad already found tlxat spontaneous



acid output was not excessive in patients after H8V. The next step 

was to try  to find out whether they produced excessive amounts of 

acid after a m eal. If they did not, the case for routine an tra l 

denervation would be wealcened considerably* Accordingly, we used 

a test meal of m eat ex tract (Oxo solution) to stim ulate the re lease  of 

gastrin  in patients after HSV, who s till had a  vagally innervated antium , 

and in patients a fte r truncal or selective vagotomy (TV, BY), in whom 

the antrum  liad been vagally denervated. All patients were studied 

more than one year afte r operation and were in good health and free 

from symptoms of gastric  s ta s is .

METHOD

PA T IE N T S

Group I Highly selective vagotomy without drainage (HSY): 

vagally "innervated antrum 

Twenty-eight patients were tested . In twenty-six, the operation had 

been perform ed for duodenal u lcer, and In two on account of epigastric 

pain associated with hypersecretion of acid and the presence of giant 

mucosal folds in the ducdenum. Details of their sex, age, weight, 

length of history before operation, number of montîis elapsed since 

operation, and Visick status a re  given in Table I. Oxo tests  had been 

performed in 10 of the 28 patients before operation.



Group H Truncal vagotomy and pyloroplasiy (TV+P): 

YË^aliy-denervated antrum 

Details of the 11 patients who were tested a re  given in Table IV.

Group m  B ilateral selective vagotomy and pyloroplasty (SV-i-P);

vagally-denervated antrum 

Details of the 10 patients a re  given in Table V.

Group rv  B ilateral selective vagotomy without a  drainage procedure 

(BY): vagally-denervated antrum  

Details of the 18 patients tested are  given in Table VI.

All the patients in groups I to IV were in good health, except 

for one patient in group I (HSV). No sign of gastric  retention, such as 

the presence of food residues in the stom ach, was found in the course of 

these te s ts . Patients in groups I -  HI Imd been treated  in the University 

Departm ent of Surgery a t Leeds General M lrm a ry . In each, evidence

of com pleteness of the parietal cell vagotomy had been obtained by the
lc3finding of a negative response to Insulin, by H ollander's c r ite r ia  ' ,  in 

the early  post-operative period. Of the 18 patients in group IF , 15 were 

in the care  of M r. H. Burge a t the W est London Hospital, 2 in the cai's 

of M r. E . M. Kirk a t the Hampstead General Hospital and 1 was the 

patient of M r. J .  S. F . Hutchison a t Glasgow Boyal Infirm ary. In a ll 

except one of the patientB a t the West London Hospital, the vagotomy had



been shown to be complete a t the time of operation by the use of the

Burge e lec trica l stim ulation test^'^. An insulin te s t was performed in

the early post-operative period in 6 of the patienW a t the W est London
13Hospital and was negative in each case.

All patienta were volunteers, who Iiad given informed consent 

to the te sta , which they Imew were for re sea rch  purposes. 3h consequence 

they do not com prise a  consecutive se r ie s , but they a re  considered to be 

representative of the la rg e r groups of patienta who were treated by E8¥, 

TV+P, S¥*i-P or 8V alone.

T ESTS OF GASTRIC SE C R E T IO N  These tests  m easured BAG, the 

response to a  teat meal of m eat ex tract (Oxo), the response to insulin 

(0.2 units per kg) and MAO in response to in tram uscular pentagastrin 

(10 ug per kg). The methods used in each of these tests were described 

in preceding sections.

The tests  were performed on separate days, in patients at 

Iieeds (Groups I - ÏÏÎ). Details of tlie ra re  exceptions to this ru le a re  

given In Tables I, I¥  and ¥ • In 21 of the HS¥ patients the pentagastrin 

teat was also  performed Immediately after the end of the insulin te st.

The pentagastrin tes t was repeated a t the end of the insulin te st in 10 of 

the 11 patients a fte r T¥-hP. In patients who had undergone 8¥>P (group 

IE, Table ¥) Oxo tests only were perform ed. '*Late'% or ’’delayed**



inaiiîiiî teste were not done. MAO had been m easured in 8 of the 10 

patients m ore than one year a fte r but the stim ulus had been

Intravenous pentagastrin, in a  dose of 6 ug per kg per hour, ra ther 

tlmn intram uscular penta.gastrin. Each patient with B¥ alone underwent 

one test in which BAO and the response to Oxo were m easured. ïii 12 

patiente with S¥ alone, a  second te s t was ca rried  out a t which were 

m easured BAO, the response to insulin, and MAO in response to 

panhigas tr ill.

Analysis of re su lts  The titration  end-point v;as pH 7. BAO was 

expressed as  mEq per hour. The x’esponaea to Oxo and to pentagastrin 

were expressed a s  PA O  (peaîc- 2 0 -minute response, x 3) and as to ta l- 

hour acid output (TH), in m lq  per hour. The response to insulin was 

expressed as PAO and PH (peak-30-minute response, x 2 , and peal^i-SO- 

minute response, respectively). Acid outputs for each group were 

expressed as  the arithm etic mean plus or minus one standard e rro r  

( 8 .E .M . ) .

RESULTS

Effect of HBV on response to 0X 0 (Tables I - E l ,  fig. 1).

In 25 patients a fte r HSV, was 10,1 1*8 mEq per hour,

50 per cent of PAO^ ^  (Table I). In the 10 patients who underwent 

0X 0  teste  both pro -  and post-operatively (Table ÏÏ), mean 

diminished from 24.4 to 14.9 mEq per hour. The mean decrease was



RESPONSE TO 0X0 IN PATIENTS BEFORE.ANDa.1YFaR AFTER HSV.

ACID 
OUTPUT 

mEq 
per 

10 m inutes

1.

25 P atien ts With DU 
Before Operation

-2SMins -lol

0X0 in Stomach

i
0X0 WG P atien ts A fter

20 40

MINUTES

1 MSV reducei the acid response to meat extract by about 
50 per cen . Mote that the 25 patients who were tested 
aft»r HSV are not the same 25 who were tested before 
operation (ten were common to both groups). Note also  
the slightly slower response after HSV.



40 per cent. Before operation, in these 10 patients,
PGaveraged 54 per cent of PAO : after HSV, it averaged 53 per cent

PQ
of the post-operative FAQ" . In the la rg e r, unmatched, groups of 

patients who were tested before, or a fte r, HSV (Table EH), mean
pri

before operation was 21.7 mEq per hour, 48 per cent of PAG ; and 

afte r HBV was 10.1 mEq per hour, 50 per cent of post-operative PAG , 

The 25 patients with duodenal u lcer who underwent 0X 0 tests after HS¥ 

were s im ilar to the 26 patients who were tested before operation with 

respect to sex, age and weight, but their mean pre-operative 1\4A0 was 

somewhat lower (Table HI).

In the 10 patients who Md paired p re -  and post-operative 0X 0 

te s ts , the mean reductions in BAO (71 per cent) and in PAO^ (46 per 

cent) were less  tlian those wiiich were found in patients afte r HSY as a  

whole (mean reduction in BAO, 77 per cent, and in PAO ^^, 52 per cent). 

Thus, HSV reduces the peak acid response to 0X 0 by about 45 to 50 per 

cent. After HSV, a s  before operation, the acid response to 0X 0 is 

about half of the maximal response to pentagastrin.

Comparison of the effects of truncal, selective and Mghly selective 

vagotomy on the response to 0X 0 Mean in mEq per

hour was 10.1 ^ l . S  after HS¥, 19.6 ^ 3 . 9  after TV>P, 11.0 j - 2.9 afte r 

BV+P and 14.2 -î- 1.9 afte r BV alone (Tables I, lY - VIE; F igs. 2 - 5 ) .



RESPONSE TO 0X0 AFTER HSV COMPARED WITH RESPONSE AFTER TRUNCAL V+R

ACID 
OUTPUT 

mEq 
p e r  

10 m inutes

25HSV

-25  Mins -10

0X0 in Stomach
20 40

MINUTES

Fig. 2 The mean acid response ( j* 1 SE) to meat extract in patients 
after truncal vagotomy an 1 pyloroplasty was higher than the 
mean acid response in patients after HSV, but the difference 
was not statistically significant. Mean acid outputs after 
TV+F are siiown botn for 11 patients, and for 9 of the 11 
after the results in two patients with exceptionally high acid 
outputs had been deleted.



RESPONSE TO 0X0 AFTER HSV COMPARED WITH RESPONSE AFTER SELECTIVE V+R

ACID 
OUTPUT 

mEq 
per 

10 minutes
SV+P-^

-25  Minutes-10

0X 0 in Stomach MINUTES

L

Fig. 3 There was little difference between the mean acid response 
to meat extract in patients after HSV compared with the 
mean response in patients after selective vagotomy and 
pyloroplasty.



ACID 
OUTPUT 

mEq 
per 

10 m inutes

18SV

-25Minutes -K)

0X0 in Stomach
20 40

MINUTES

Fig. After selective vagotomy witiiout drainage, the mean acid 
response to meat extract was higher than after HSV, 
particularly in the latter Iialf of the test.



RESPONSES TO 0X0 IN HEALTHY PATIENTS>1 YEAR AFTER DIFFERENT TYPES OF VAGOTOMY.

ACID
OUTPUT

mEq
per

hour

HSV Truncal Selective Selective

(25)

V+P

(9)

V+P

(10)
\(noP

(18)

Fig, This IB a  summary of the re su lts . Columns represen t 
mean peak acid outputs +1 BE, and shaded areas 
’to ta l“hour* acid outputs. There is  no evidence that acid 
outputs in response to m eat ex tract a re  g rea ter in patients 
with vagaliy -innervated gastric  an tra  (H8¥) than in patients 
with vagally-denervated antra (TV-kP, 8V+P, S¥ alone).



No evidence was foimd that patients who had a  perfect clinical resu lt 

(Yisick grade Î) had lower acid responses to 0 X 0  tlian patients who 

were in Visick grades E and ML Two patients after TV+P had very high 

BAO and 0X 0 responses, although they wex*e in perfect health (Table IV). 

H their resu lts  a re  excluded, the mean in the rem aining 9

patients in the T¥+P group was 14.9 + B.4 m l'q  per hour. Sim ilarly, 

patients B and 9 a fte r 8V+P had unusually high BAO. They too ted  a 

perfect clinical resu lt, and there seem s to be no valid reason for 

excluding their re su lts .

0X 0 response as a percentage of pentagastrin response (Tables I -  VI) 

After HSV, the response to 0X 0, expressed for each patient as a  

percentage of his response to pentagastrin, averaged 50 per cent, 

compared with 64 per cent in patients a fte r TV-hP and 55 per cent in 

patients afte r SV+P (Table VII). When the resu lts  of the pentagastiTn 

te st wMch had been performed immediately afte r the insulin test were 

used, averaged 55 per c e t  of in patients after HBV, and

65 per cent in patients who had undergone SV without drainage (Table VE). 

Matching (Table VÏÏ) Patients after HSV, TV+P and 8V+P were 

well «matched in the following re sp ec ts :-  (1) the insulin test performed 

in the early  post-operative period (in Leeds) was negative (2) m ore than 

one year ted  elapsed from the time of operation (3) patients were in 

good-to-excellent health, without evidence of recu rren t ulceration.



(4) the mean length of u lcer history before operation was about 10

years (5) mean age was 40 « 60 years (6) mean weight was 65 « 70 kg

(7) m ost of the patients were men. In addition, the tests yielded no

evidence of gastric  s tas is  in any o ' the groups of patients •

(a) Comparison of patienta after HS¥ and TV+P (Tables I, lY and VII;

F igs. 2 and 5). The mean interval between operation and the 0X 0 test

was 16 months in patients after HBV, and 29 months in patiente after

TV+P, Patients after TV+P were, on average, 8 y ears  older, and 
PGtheir PAO before operation was 56 mEq per hour, compared with 

40 mEq per hour in the HSY patients. If 2 patients with very high BAO 

and high responses to 0X 0 a re  excluded from the T¥+P group, matching 

is improved to the extent that mean acid outputs in response to insulin 

and pentagastrin become fairly  sim ilar (Table VU), but mean BAO in 

the TV+P patients is s till more than double that of patients after HBV. 

Four patiente v/hose insulin tests were negative more than one year 

after TV+F (Table W) secreted  a  mean PAO of 12.8 mEq per hour in 

response to 0 X 0 .  Four patients with late-positive responses to insulin 

more than one year afte r TV+P (Table IV) secreted  a  mean PAO of 

14 mEq per hour in response to 0X 0. Thus, no evidence was obtained 

that patients after TV+P secreted  less acid in response to 0X 0  than did 

patients after HSV.



(b) CompariBOE of patients after EïSV and 8V+P (Tables I, V and VII; 

F igs. 3 and 5). On average, the 0X 0 test was performed 4 years 

after S¥+P, compared with 16 months after HSVo ’’Late** Insulin 

tests w ere not done in patients after 8V+P. A. further defect was that
PG

PA O " ted  been elicited by intravenous pentagaetrin and that these 

pentagastrin tests had been performed 1 to 2 years a fte r 8V+P, and 

thus 2 to 3 years before 0X 0 tests were done. No significant difference 

was fouii l between the responses to 0X 0 in the two groups of patients.

(c) Comparison of patients after HSV and SV without drainage (Tables I, 

VI and VII, F igs. 4 and 5). Matching of the two groups was satisfactory 

for age, weight, and interval between operation and secretory  testing. 

Mean BAO in BV patients was also  closer to the BAO of HBV patients 

than was the BAO of patients after TV+P or 8V+P. However, the mean 

responses to pentagastrin and insulin were both appreciably higher in 

patients after SV than in patients after HSV (Table V n). The mean 

peaic response to 0X 0 was 14.2 mEq per hour compared with 10.1 mEq 

per hoim afte r HSV. Even afte r matching of comparable groups of 

patients (Tables Ï and VI, F igs. 6 and 7), the 0X 0 response in patients 

after SV was not foiio.i to be less tinin in patients afte r HBV.

Time -relationships of response to 0X 0 (F igs. 1 ™ 4)

Compared with the response to 0X 0 before operation (Fig. 1), when
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6 This is a comparison of mean acid outputs ISE) in two well- 
matched groups of patients (selective vagotomy without drainage
on the riglit̂  HSV withcUb drainage on the left). The main
variable between the groups was the presence (HSV)s> or absence 
(3V)s of the vagal nerve supply to the antrum. All patients had 
early-positive (first-hour) acid responses to insulin more than 
one year after operation. The two groups were well-matched for 
spontaneous acid output; pentagastrin (PG) -stimulated acid 
outputs seX; age* weiglit, and time»interval after operation. Tne 
mean acid response to meat extract (OXO) in the 6 patients with 
innervated antirum (HSV) was certainly no greater than in the 6
patients whose antra had been vagally denervated (SV, no P).
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Fig. 7 This is a comparison of mean acid responses to meat extract 
(0x0 ) in two matching groups of patients. The .̂p?oup of 6 
patients represented by the histogram on the left had 
undergone HSV without drainage, while the u patients represented 
by the histogram on the right had undergone selective vagotomy 
without drainage. Matching of the two groups was fairly close 
with respect to spontaneous and maximal (PG) acid outputs, 
sex, age, weight, and time-Interval after operation. "Die acid 
response to 0X0 was no greater 1 patients with innervated 
antra (HSV) than in patients wltn var^ly-denervated antra 
(SV, no P),



mean peak acid output occurred between 0 and 20 minutes from the 

s ta r t  of the test (that is  ̂  25 - 45 minutes from the time when 0X 0 was 

placed in the stomach), the response after any type of vagotomy was 

delayed (F igs, 1 -  4). Meanipealc^lO«minute output v?as obtained 

between 20 and 30 minutes (HS¥), between 20 and 30 minutes (T¥+P), 

between 10 and 20 minutes (8¥-!-P) and between 40 and 50 minutes (SV). 

ïn patients after BY without drainage, the response to 0X 0 was as 

rapid in onset as in patients a ite r  HB¥, TY-i-P or SVfP, but peak 

secretion  was sustained for a longer period (Fig. 4).

BAO, and acid outputs in response to pentagastrin and to insulin 

Details a re  given in Tables I, and IV - VI, and a  sum m ary of the mean 

data is presented in Table VT(<, A  Mgii incidence of positive responses 

to  insulin was found in patients after HSY, TV-kP and 8¥  alone. Of the 

positive responses, nearly half were early-positive, in the f irs t  hour 

after insulin. The mean acid responses to Insulin were approsdmately 

equal in ^mtlents after H8V and after TYh-F, but were leas than those 

found in patients after S¥  alone. Mean BAO was lowest in patients 

after ESV, but the high mean values after TV':-P and BV‘-hP a re  to some 

extent explained by the finding of very high levels ox BAO in a few 

patients (Tables IV and V), Mean acid responses to psntagtistrln were 

19.7 mEq per hour after HSV, 23.1 after TV-nP, 19.2 after SV-f-P and

25.5 afte r BY alone. It should be noted that pentagastrin tests  in patients 

a lte r  SV were perform ed immediately afte r the end of the insulin te st.



DISCUSSION

The main finding was that gastric  acid output in response to 

a te st m eal of m eat ex tract was no g reater in patienta with a  vagally 

innervated gastric  antrum (HS¥) than in patients with a vagally 

denervated antrum (TV-^P, 8V+P, S¥). The te s t m eal of 0X 0 solution 

was designed to ac t principally as a chemical stim ulus to gastrin  re lease . 

Since it was adm inistered via a  stomach tuba, the ceptellc  ptiase was 

bypassed o A tasty normal meal eaten in the norm al way might e licit 

prompt release of gastrin  by d irect vagal stimulation"^ in patients 

after BB¥, but would not foa expected to do so in patients who have

undergone complete truncal or Balective vagotomy. Again, a meal
15 1 1 provokes gastrin  re lease  not only by chemical , but also by mechanical^

stim ulation. The la tte r type of stimulation was reduced to a  minimum in

the 0X 0 tests , partly because the volume of the test meal was sm all

and partly because its fluid consistency probably provided less meclmnlcal

stimulation than a meal consisting of solid food would have done, r ’or

these reasons, our findings do not preclude the possibility tiiat a  large,

tasty , norm al m eal, eaten in the norm al way, might evoke higher acid

outputs in patients with vagally innervated an tra  than in patients whose

gastric  an tra  have been vagally denervated.



The question of whether intact vagal innervation of the antrum

io n ecessary  for the full efficiency of gastrin re lease  by local cliamical

stim ulation has received muca attention In the past. Most of the work

has been done in dogs, and the resu lts have been confiictmga For
17exam ple, Dragstedt and Ms colleagues' found that transplantation of 

the innervated antrum into the duodenum in dogs increased acid output 

from the vagotomised ’'complete^^ stomach pouch eight- to tMrty«fold, 

and that this stimiuation persisted after vagal clenervation of the antral 

pouch. Lilcewiee, vagal denervation of an isolated antral pouch was 

found not to alter significantly the response of the antrum to chem ical 

stimulation by beef broth, as judged by the output of acid from a
*; o

Heiclenham pouch (Wohlrabe and Kelly, 1959 ). However, l¥ohlrafoe and

Kelly a lso  found that acid output from the Beidenhain pouch over a 24-

hour period decreased significantly (by 60 per cent) a iter the antral
9pouch had been vagally denervated. Nyhus and his colleagues ‘ reported  

that the operation of antroneurolysiB, which vagally-denervates the 

antral m ucosa, did not diminish gastsrin re lease  in response to chem ical 

stim ulation with 10 per cent ethyl alcohol or to mechanical stimulation  

with a balloon, as judged by the acid output from a Heidsnhain pouch.

We o u r s e l v e s found no significant change in the acid responses from 

the imiervatec! corpus of the stomach in dogs, in response to test m eals 

ox meat extract or acetylcholine, after the mucous membrane of the



anti’um had been vagally denervated by antroneiirolysls (see next section) «

In the latter experim ents, the antrum was left s it ifg  and was not

exelud ' 1 from contact with the ”acicl stx’eam*' from the body of the
20stom ach. S im ilarly, in a recent report, Himt and Cox noted that 

vagal denervation of the *'in sitn’  ̂ antrum in dogs did not diminish acid  

outputs either from vagally innervated or from vagally denervated pouchei 

of the fundus, in response to o. m eal of m eat. The resu lts of Hunt and 

Cox could be cr itic ised  on the grounds that vagal denervation of the 

antrum without the addition of a drainage procedure might have produced 

s ta s is  of food in the antrum, with aisteined re lease  of gastrin  in
1 9

consequence, A sim ilar objection could be made to our own work' with 

antroneuroiysis in d ogs, although after that operation the muscular wall 

of the antrum retains its vagal nerve supply, and no signs of gastric  

s ta s is  w ere noted in our dogs.

10In conti" st to the findings of the above authors, Foiu’e s t  

found that the response of a denervated funciic pouch to irrigation of 

an isolated , vagally-innervated antral pouch with liver extranet was 

reduced after vagal denervation of the amtral pouch. He concluded 

that vagal innervation of the antrum ^^potentiates its excitatory  

action on gastric seeretion/h  A sim ilar conclusion was reached b j  

Thai, Perry and Wangensteen , who found that tubular resection  of the

body of the stom ach, without vagal denervation of the antrum, led to a



significant increase in 24-hour acid output from a  denervated fundic

pouch, whereas a sim ilar resection when accompanied by vagal

denervation of the antrum  did not lead to hypersecretion of the

denervated fundic pouch. Vagal denervation of the *hn sitif^ antrum

was found by Be G astella and Irvine'* ' to lead to a significant decrease

in the response to a m eal of m eat from Heideniiain pouches in dogs.

Although psalc acid outputs from Pavlov pouches were unaltered, the

acid outputs in the la te r stages of the response did dim inis . significantly.

In man, Welbourn and Burns " found that the acid response to 0X 0

solution was reduced by a mean of 67 per ce t (from 10.6 to 3 .6  mEq

per hour) in 35 patients 10 days after complete truncal vagotomy.

Sim iiariy, Giles and C lark " found that the response to 0X 0 was absent

in 23 of 36 patients, 7 to 10 days after complete (insulin-negative)

vagotomy and pyloroplasty, while in the rem aining patients the response
23was much reduced. The papers of vYeibourn and Burns and of Giles and

2 .̂C lark ", however, record  the effects of vagal denervation both of the 

antrum  and of the parietal ceil m ass, ra th e r than the specific effect of 

anti'al denervation alone. We also  found that acid responses to 0X 0 a re  

very sm all in the early  post-operative period. Thus it would appear 

that in man, the response to 0X 0 is tem porarily grossly Impaired in the 

early  weeks after either HS¥ or TV+P, but timt it  subsequently increases 

in the course of the f ir s t  year after operation.



The available evidence on the effect of vagotomy on gastrin  

re lease  in response to a distension stim ulus is  a lso  conflicting. Nylms 

and Ma colleagues^ reported that vagal denervation of the antral mucosa 

by the operation of antroneurolyais had no effect on gastrin re lease  in 

response to distension of a separated antral pouch in dogs. On the 

other hand, Sugawa,ra and his colleagues^""" found tlxat in dogs equipped 

with isolated innervated antral pouches and Heidenimiii pouches, truncal 

vagotomy led to a significant decrease in acid output from the 

Heideiiimin pouches In response to antral distension.

It seem s justifiable to speak of a "vagally innervated" antrum

in relation to patients after H8¥ and of a "vagally denervated" antrum
26 27 28in patients after TV or S ¥ , because careful motllity"'*^  ̂ ' and secretory *

studies carried out in the dog have shown that the nerves of Latarjet,

which are preserved in H8¥ but cut in TV or are the so le  extra-

muroi pathway whereby vagal fibres reach the antrumof the stom ach.

Stimulation of the hepatic and eoeliac branches of the vagus does not

lead to an increase in the gastric antral pressure^' ' or to the re lease

of gastrin , Intramural vagal fibres passing to the antrum in M eissn er’s
28subm ucosal plexus'"' " probably liave their central connections severed in 

the performance of the vagotomy of the parietal ce ll m ass which is  

common to a ll three types of vagotomy, Hov/ever, the Mgii incidence 

of positive responses to insulin wMch we found more than one year after



îîBY, TV+P and SV (and wMeh imuld no doubt Iiave teea found also in 

îMifciesits after SV+P bad ttey  been tested), s a ^ e s ts  tto t partial vagal 

reinnervation of the parietal cell mags took place in many patients, and 

it is possible that the antral region of the stomach may also liave 

acquired partial reinnorvation in many patients after TV or SV. This 

observation does not weaken tte  general conclusion tlmt the response to 

the test meal is not greater after HSV than after TV or SV, because 

there is no reason to believe that the patients who were tested after 

TV or SV wei'Q in any way atypical. Indeed, they v/ore rather superior, 

on average, to tha generality of patients after TV or SV, in the sense 

that clinical failures were excluded, and also tecause the patients at 

Leeds (TV+P, SV+P groups) iiad all been shown to liave negative insulin 

testa In the eaiTy post-operative period. A liigh insulin-positive incidence 

on lata testing after vagotomy is  certainly not peculiar to this series of 

patients. It is a  characteristic finding several mouths or more after

both truacaV*'” and bilateral selective' “ vagotomy.

Mo claim is made timt the acid response to meat extract was 

significantly greater in patients after TV+P or SV than in patients after 

HSV; merely tliat it was not significantly less. The responses to 0X0 

in the HSV and SV+F groupa of patients were very sim ilar. Although 

the mean response to 0X0 v?as considerably greater after TV+P than 

after HSV (IB.8 mSq per hour compared with 10.1), the numbers of



patients tested a re  too sm all, and "matching" of the groups too

im perfect, for any significance to Iw attached a t present to this

difference. N evertheless, the possibility timt gastrin  re lease  may foe

g reater afte r TV+P than afte r HSV in response to chem ical stimulation

m erits further study. An alternative explanation for the higher

responses to 0X 0 after TV+P tlian after HBV is timt onward passage

of part of the test m eal into the intestine during the 15-minute "incubation’

period may have released  from the mucosa of the sm all bowel m ore of

some humoral stim ulator, or less of some humoral inhibitor, of gastric

secretion a fte r TV than afte r HSV. It is well recognised that in dogs,

performance of truncal vagotomy is followed by a  significantly g reater

increase in acid output from  Heidenhaiii pouches tten  is found after the
33-35performance of b ila teral selective vagotomy . This has been 

30a&zibuted to the inhibitory influence of the hepatic and cœ liac  branches 

of the vagus, acting, presumably, by means of a  humoral mecimnism, 

since they a re  able to inMbit acid output from vagally-denervated 

pouches of the body of the stomach. M short, the much g reater acid 

response to 0X 0 in patients after TV+P than in patients after HBV may 

have a risen  by chance, but the intriguing possibility exists that the 

difference is a  re a l one, and of clinical im portance. F urther study of 

well-m atched groups of patients after TV+P and HSV is certainly



indicated.

The mean acid response to 0X 0 In 18 patients afte r SV 

without drainage (14.2 mEq per hour) was considerably g rea te r than 

the mean response in 25 patients after HSV (10.1 mEq per hour). 

However, the mean acid output in response to insulin (8.1 mEq per 

hour) a fte r BV was also  much g reater tlian that which was found in 

patients afte r H8V(3.7 mEq per hour), and a ll 12 patients who underwent 

insulin testing afte r BV had positive responses. In addition, their mean 

response to pentagastrin (25.5 niEq per hour) was g rea ter tlian timt of 

patients after HBV, whose mean PAO'^^ (after insulin) was 19.4 mEq 

per hour. Hence, the m ost reasonable explanation for the g rea ter 

response to 0X 0 in patiente after BV alone appears to W that a g rea ter 

proportion of their parie tal cell m ass Imd become reinnervated, o r, a t 

any ra te , was innervated a t the tim e of testing. The observation of a 

late, and long-sustained, peal?: of secretion in response to 0X 0 in the 

BY patients (Fig. 4), but in no other group, si:^gests tliat subcUnical 

an tra l s ta s is , leading to prolonged re lease  of gastrin , may have been 

a factor contributing to their relatively liigh acid response. Although 

t!ie mean volume of resting  juice in the stom ach afte r SV alone was 

little  different from  timt found after HSV, TV+P or BV+P, the mean 

volume of (0X0 + added gastric  secretion) recovered a t the end of the



16-miuute "incubation" period (114ml.) waa considerably g rea ter

than the mean volume recovered after HSY (82mL), TV+P (75ml.) 

or 8V+P (65mL). Perhaps the suWequent gastric  wash-out failed 

to remove the la st traces of 0X 0 solution iu patients after SV. TMs 

would provide an explanation for their long-sustained secretory  

response to 0X 0.

The finding timt gastric  acid output in response to a  te st m eal 

of m eat ex tract is no g rea ter in patients with a vagally innervated 

antrum  (HSV) than in patients with a vagally denervated antrum (TV,

BV) provides fu rther evidence in support of the idea that the gastric 

antrum need not be vagally denervated in the course of operations for 

duodenal u lcer, provided timt it is  well drained and that it rem ains in 

continuity with the "acicî stream " Sowing from the body of the stomach. 

By "well drained" is meant timt s tasis  of food in the stomach is absent. 

It does not imply that routine performance of a  drainage procedure is 

essen tia l. The suggestion that preservation of the vagal nerve supply 

to the antrum  is  perm issible derives support also  from our studies 

of BAO and of the responses to insulin-induced hypogiycaemia, which 

a re  no g rea te r in patients afte r HBV than in patients after TV+P. Thus 

we have shown that acid output after HBV is not excessive, whether in 

the fasting patient, in response to d irec t vagal stim ulation, or in



response to a test meaL Although it is s till conceivable that gastrin

re lease  might be excessive when the various "p teses"  of gastric

secx'etion a re  combined; a s , for example, when a large tasty meal

is eaten, such a possibility is , in our opinion, unliliely. In the dog ^

vagal re lease  of gastrin  is much less when the antrum is  left "in
2 0 37eontinulty", exposed to acid -inhibition  ̂ than when the antrum  is

"separated", and thus shielded from the iuMbitory action of endogenous

acid "* * . Low in tra -an tra l pH is a potent InMMtor of gastrin  re lease  in

man^^, as in the dog^' 1 / , <̂«3̂ When the antrum is left in continuity

with the acid stream  in dogs, far from being an ulcerogenic influence,

it actually protects against Furtherm ore, the protection

which it affords is better if its  vagal nerve-supply is left intact than 
42if it is cut . The few surgeons who have preserved the vagal nerve- 

supply to the antrum  in operating for duodenal u lcer have found low u lcer

recurrence ra te s  on m ediiun-term  follow-up of their patients
44For example, Holle , reports  a  I'eeurrence ra te  of le ss  than 1 per cent 

in 171 patients who were followed up for 1 to 7 years after "SPY"

(HBV) with drainage or antrectom y. Most of his patients had a drainage 

procedure, which took the form of a pyloroplasty in 90 per cent of cases: 

follow-up was about 80 per cent complete (Holle, personal communication) 

The loss to follow-up of 20 per cent of his patients should not foa
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regarded as a ma jo?: indictment of Holle *s figures, because he finds 

it difficult to trace m igrant workers from other par ta of Europe, who 

spend only a  few years in Bavaria before returning home.

ÎJÎ dogs which have Wen equipped with Heidenhain pouches, 

HBV without a  drainage procedure has been shown to be followed by an

increase in pouch secretion in response to feeding^'^^^'^ or over a
4624-hour pexTod . The mean increase in 24-hour acid output In

46Amdrup and G riffith 's dogs was 47 per cent. Elempa, Holle and 

their colleagues recorded a  much la rger increase in acid output in

response to a  m eal of m eat" • It is Important to note, however, as
35Tala ta 's  resu lts show clearly , tlmt the increase in pouch secretion

after H8V is much less timn that which follows TV, and that the increase

after SV is interm ediate between that produced by HBV and that produced 
3tSby TV. TaMta repeated Ms experiments in doge with pyloroplasty 

added to the HSY, SV or TV, and obtained the sam e resu lts; HBV led 

to the sm allest increase in pouch secretion, and TV to the g reatest. 

While Holle and his colleagues attribute the increase in pouch 

secretion  after SPY (HSV) to an tra l s ta s is , leading to excessive 

re lease  of gastrin , an alternative explanation is that gastrin  re lease  is 

increased m erely because of diminished flow of HCl from the body of

the stomach after H8V, leading to diminished iuMMtion of gastrin
45re lease . Jxi keeping with their conclusions, Elempa and Holle's dogs



were shown to have delayed gastric  emptying afte r SPY (HSY)

without a  drainage procedure. However, Amdrup and Griffith"^®
42and M erone e t a l . did not observe delay in g a s tr ic  emptying in 

their doge after H8Y without drainage. We have found little 

evidence of gastric  s tas is  in 150 patients with gastric  or duodenal 

u lcer who underwent HSY in the past three and a lialf years (vide 

m jra).

As the resu lts  of radioimmunoassay of serum  gastrin  

concentration become available, it has been fascinating to learn

that truncal vagotomy and pyloroplasty in man is  followed by a
47five-fold increase in plasma gastrin  concentration , and tiiat 

gastrin  levels, both in fasting patients and afte r a protein m eal, 

a re  signifie antly higher a fte r truncal vagotomy than afte r selective 

vagotomy A rdill, Buchanan and Kennedy have found tiiat

fasting plasma gastrin  concentration after selective vagotomy with 

a  drainage procedure is g rea ter tiian that which is  found after E8% 

although not significantly so (T. Kennedy, personal communication). 

These resu lts  a re  in accord with our findings with respect to 

spontaneous acid output and the response to m eat ex tract in patients 

afte r TV, 8Y and HBV.



SUMMARY

In 26 patients with duodenal u lcer before operation, the mean 

peak acid output in response to a te s t meal of m eat ex tract (0X 0 

solution) was 21,7 mEq per hour, hi 25 patienta m ore than one year 

afte r HSY, it was 10.1 mEq per hour, HSY was found to reduce the 

response to 0X 0 by 45 to 50 per cent, and the mean acid response to 

0X 0 was 50 per cent of the ’maximal' response to pentagastrin, 

both before operation and more t to i  one year after HSV. No evidence 

was found to suggest that re lease  of gastrin  was excessive a fte r HBV.

The response to 0X 0 after HBV was cormpared with the 

responses to 0X 0 after truncal V+P, b ilateral selective V+P and 

b ilateral selective vagotomy v/ithout drainage (BV). The patients 

studied w ere in good health, m ore than one year a fte r operation, and 

completeness of the vagotomy had Wen proved by the finding of a  

negative insulin te s t in the early  post-operative period. The mean 

peak acid response to 0X 0 in 11 patients after TV+P was 19,6 mEq 

per hour; in 10 patients after SY+P was 11,0 mEq per hour and in 

18 patients after S¥ alone was 14,2 mEq per hour. Thus the mean 

acid output in response to the teat m eal was no g rea te r in patients with 

a vagally innervated gastric  antrum (HBV) than in patients with a  

vagally denervated gastric  antrum (TV, BV), Withixi the lim its of the 

experim ent, in which the cephalic phase was bypassed and mechanical
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stimulation reduced to a  minimum, no evidence was foimd to suggest 

that vagal denervation of the "In sliii" antrum  in man reduces the 

acid response to a te st m eal, TMs suggests that vagal denervation 

of the antrum as in truncal or b ilateral selective vagotomy may not 

accomplish its purpose of diminishing the re lease  of gastrjja. Hence, 

vagal denervation of ÜB antrum  in man may not provide protection 

against recu rren t ulceration. Conversely, patients with a vagally 

innervated antrum may not be a t g rea ter r isk  of recu rren t ulceration 

than a re  patienta whose gastric  antrum has been vagally denervated.
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Table III

RESPONSE TO 0X0 IN PATIENTS WITH OÜODENAL Ulim
BEFORE AND AFTER HSV

PRE-OP. BESPONSE TO 0X0 (nflSq per hour)
SEX AGE

yr.
WEIGHT
kg.

PGfPAO
mEq/hr PAOOXO PER CENT 

OF PAOPG
^ 0 X 0 PER GENT 

OF TRPG

26 PATIENTS 22 M 41.55 68.85 46.82 21.69 4 7 .8 2 1 5 .6 9 42.94
BEFORE HSV 4 F +2.25 ±  2 "31 + 5.17 + 2.15 + 5.48 i . 4.^6 4- 2 .9 6

25 PATIENTS^ 
ONE YEAR

19 M 42.00 66.88 40.17 10.15 4 9 .8 0 7 .5 5 5 1 .5 1

AFTER HSV 6 F +2.16 ±  2.21 4" 2 .4 9 + 1.48 + 6 .7 4 + 1 .0 5 + 5 .5 4

i:' Patients tested afier HSV include 10 of those tested before 
HSV^ plus 15 others.
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Table V
PATIENTS WITH BILATERAL SEIECTHE VAGOTOMÏ

NO. m m
AGE
AND
SEX

VJEIGHT 
(kg. )

mncm
OF

ULCER
HISTORY
(years)

LENGTH
OF

FOILOVr-
UP

(months)

VXSICK
GRADE

BïilSPONp; 
TO PG 
PRE-OP. 
PAO
mEq/hr

1 O.K. 40 M 77 12 55 I 6 0 .0 0

2 S.M. 61 U 60 12 47 I 5 8 .0 0

3 F.S. 28 U 57 4 36 II 5 6 .0 0

4 M.W. 50 F 56 5 31 II 2 3 .7 6

5 B.W. 50 M 65 18 56 III 3 9 .6 0

6 G.M. 46 M 64 10 52 • III 40.40
7 H.G. 67 m 62 9 56 I 24.00
8 H.C. 65 M 82 30 52 III 5 0 .0 0

9 G.H. 39 M 65 6 38 I 7 1 ,3 4

10 O.H. 50 M 64 8 52 III 3 0 .5 0

Î « N
±

49.60 6 5 .2 0 11.40 4 7 .5 0 4 5 .3 6

1 8 m 3.88 2.61 2.44 2 .9 0 5 .1 5

■îf
m  , pentagastrin^ which In pre-operative teats was given

intravenously, in a 'maxinml* dose of 1.5 or 6.0 ug per kg per 
hour.



BBSTXm 
JUICE 
(ml. )

V(&um3' " 
0X0 +
oAsirac
JUICETïW*A17r?Fîl?ri

SPONiV
AMEOUS
ACID
oumTO

RESK>im TO 
0X0

(nSq per hour)
RESPOHSK TO, 
PEÎWAQASTOIK* 
(raEq per hour)

PER
Kj"
ALOm

PAG
A iw vW ViLii \XmJ
m s m  15
tœî. (ml)

(MO)
mBq/lw PAO TO PAO

IT 85 1 .7 8 7 .8 0 6.82 1 7 .2 0 4 5 .3 5
72 111 14.29 16.98 1 5 .3 3 -
75 S3 5.40 1 1 .5 5 8.01 26*93 4 2 ,8 9
130 110 0.00 0.00 0.00 0.00
21 32 2.35 5 .3 7 4 .3s 1 3 .4 4 3 9 .9 6
40 32 0 .4 9 10.02 8 .3 3 S .91 112.46
75 72 2.01 11.76 9 .7 9 1 0 .6 0 1 1 0 .9 4

25 105 0.00 0 .5 4 0.18 8.40 6 .4 3

91 85 1 3 .5 3 3 1 .1 1 2 4 .8 7 4 3 .8 3 7 0 .9 8

50 55 0.36 1 5 .0 6 9.02 24.30 6 1 .9 8

59.60 65.00 4.02 11.02 8 .6 7 1 9 .8 0 5 4 .5 6

11.33 11,47 1 .7 2 a .8 5 2 ,5 0 4 .2 8
m _____ _

1 3 .2 2
(9)

âi l'kite a lao  th a t  l a  p a t ie n ta  a f t e r  8V+P o n ly , th e  ‘̂ ''osponse to  
p e n ta g a s tr ln "  l a  PAO in  response to  in trav en o u s in fu s io n  o f 
6 o r  12 ug p e r k$ p a r  hour o f  p e n ta g a s tr ln , and th e  measurement 
was made 1 - 2  years p o s t-o p era tlv o ly *

In s u lin  and In traB iu so u Iar-p en tag astrln  t e s t a  were n o t performed In 
th o se  p a t ie n ts .

Beaponso to  OKO vfas g re a te r  (on average) in  p a t ie n ts  in  V laiok grade I  
th a t  in  p a t ie n ts  w ith  a lo s e  good e l in ie o l  re s u lt*
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Table VI
PATIEÎWS V)ITH BILATERAL SELECTIVE VAGOTOMX WITH

NO*
AGE
AND
8EX

l'JEIGHT 
(kg. )

TiSNGTH 
OP ULCER 
HISTORY 
(years)

LENGTH 
OP 

FOLLOW- 
UP 

(months)

VISION
cmDE

RESTING
JUICE

voLum 
0x0 +
GASTRIC
JUICE

RECOVERED
APTER

15 mu.
(ml. )

SPONT
ANEOUS
ACID
OUTPUT
B.A.O.
(inEq/hr)

1
S

34
68

M
M

85

80
3

15

21
18

I
I

135
60

not
recorded

76

6 .2 9

0 .7 6

5 67 M 55 30 21 I 49 63 5 .0 5
4 49 M 60 7 12 II 38 63 2 .5 7
5 39 M 70 20 16 III 60 67 5.12
6 29 M 67 9 16 I 125 not

recorded 6 .8 1

7 46 M 80 6 20 I 39 106 2 .5 8

8 41 P 51 6 42 I 83 163 1.11
9 54 M 77 20 14 II 89 150 0 .9 4

:io 39 P 54 5 20 III 85 148 0.69
11 17 M 60 1 16 I 57 170 5 .5 9
1 2 39 M 76 9 17 II 46 145 1 .7 9

13 59 M 71 20 4o II 76 145 9 .5 6

14 33 M 72 1 21 I 98 87 1 .8 7

15 6â m 61 25 17 I 4o 117 0.26
16 27 M 76 5 21 I 189 145 0 .1 5

17 53 p 50 10 24 II 22 129 1 .8 7

18 54 p 51 20 21 I 31 49 0.00

Moau
H-

45.00 66.44 1 1 .7 8 2 0 .9 4 73,44 115 .81 2 .7 0

ISEM 3,.38 2 .6 9 2 .0 6 1 .8 9 10.04 1 0 .1 8 0 .6 2



OUT URAimOE (VAGAUiY-DENEHVATED ANTRUM)

BESPONSE TO 0X0 RESPOMSE TO 
PENTAOASTRIN 

A FT® INSULIN 
(raEq per hour)

BESPONSE TO INSULIN 
(ntEq per hour)

0X0 HER CEî'U?
PG AFTER INSULIN

PAO TH PAO TH PAO PH
POSITIVE

OR
NEGATIVE)

PAO TH

24.65 21.65 52.28 26.76 8.82 8.71 late + 76.30 80.85
22.02 19.55 51.25 24.68 6.02 5.24 Late + 70.51 78.40
11.22 9.69 24.50 20.80 5.90 5.55 Late + 46.17 46.59
11.10 8.94 25.08 22.50 4.92 4.65 Late + 44.26 40.09
10.65 6.82 15.95 12.19 2.50 2.47 Late + 66.85 55.95
24.09 16.81 40.71 56.05 22.86 19.52 Late + 59,17 55.62
12.84 7.81 24.00 20.41 9.22 9.02 Early + 53.50 58.27
9.51 6.86 12.96 10.94 2.86 2.78 Early + 73.40 62.71
12.99 9.99 24.84 20.66 2.94 2.86 Early + 52.29 48.55
14.01 6.46 19.50 14.85 5.50 5.15 Early + 71.85 45.50
27.00 25.00 54.74 52.40 18.98 18.25 Early + 77.72 70.99
16.86 12.55 19.95 16.97 6.86 6.25 Early + 84.51 72.78

24.75 22.88 « w « » - «

5.22 5.41 — « « w -
1.80 1.59 *» « « - “

16.20 7.48 45.47’"' 55.45 “ » - 57.27 22.56
9.96 5.96 24.75* 18.26 — - 40.24 52.64
0.0 0.0 5.90 2.15 — - — 0.0 0.0

14.16 10.60 25.46^ 21.58^ 8.12 7.52 6 late+ 64.71^ 57.67^

1.87 1.70 2.55 2.01 1.85 1.78 6 early!' 5.96 5.84

Pentagastriii test done immédiat el s'* after 0X0 test 
1 Mean of results in patients 1 - 12.





Table VII
SUÏSMflRY OF HESüIffS: MEAN HESPONSES

IN PATIECTS WITH VAQÆCÆY-IMBRVATSD (HSV) 0

AGE
(years)

WEIGHT
( k g . )

wi«>

m m m
OF ULCm 
HISTORY

(years)

lEHGTH
OF

F03XQV/-
UP

(months)

ÎRE-OP.
PCrPAO

iriSq/iir

RESTING
JOIGE
(ml.)

VOI/JME 
0X0 + 
GASTRIC 
JUICE

recovered
AFTER 

15 MINS, 
(ml.)

SPONT
ANEOUS

BAO

mEq/hr

HSV
(25) 42 67 10 16 40.2 55 82 1.6

x-x*
TV+P
(9) 50 70 12 29 55.7 75 75 5.7

SV+P
(10) 50 65 11 48 45.4* 60 65 4.0

sv
(1 8) 45 66 12 21

1. , —

75 114 2.7

U—v-w *-

response to intravenous pentagastrin. 1 mean results in 12 patients-
** excluding results of S patients after TV+P who had exceptionally- 

higli spontaneous acid output and very high responses to 0X0 alao-



TO 0X0, EENTAgASTRIN AMD INSULIN 
R VAGAILY-DENERVATBD (TV. SV) GASTRIC ANTRA

RSSPONaS TO 
0X0

RESPONSE TO 
PENTAGASTRIN 

(niEq per hour)

RESPONSE TO 
.INSULIN ^  PER CENT 

PG

(nflSq per hour) PG ALONE PG AFTER 
INSULIN

(mEq per 
hour) POSITIVE

OR
PG ALONE PG AFTER 

INSULIN

PAO TH PAO TH PAO m PAO PR
NEGATIVE

PAO TH PAO TH

10.1 7.4 19.7 15.5 19.4 15.3 3.7 3.1
8 IH- 

10 -ve 
7 E+

50 47 55 52

14.9 11.5 23.1 17.6 22.0 17.5 3.2 2.8
3 -ve
4 IX'
1 E+

64 63 68 66

11.0 8.7
%

1 9 .2 •* - * - - 55 - « —

14.2 10.6 - - 25.5 21.6 8.1 7.5
6 Li'
6 E+
6 not 
tested

« 65^ 58^
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CliAPTER 7

INHIBITION OF GASTRIC SECRETION BY FAT IN THE INTESTINS

PART I: EFFECT OF FAT IN THE DUODENUM ON GASTRIC 
ACID SECRETION BEFORE AND AFTER TRUNCAL 
VAGOTOMY IN MAN

■'ART ÏÏ; EFFECT OF HIGHLY SELECTIVE VAGOTOMY AND 
OF TRUNCAL VAGOTOMY AND PYLOROPLASTY ON
INHIBITION OF GASTRIC ACID SECRETION BY FAT 
IN THE DUODENUM



INHIBITION OF GASTRIC SECRETION BY FAT M  THE INTESTINE

PART I EFFECT OF FAT IN THE DUODENUM ON GASTRIC ACID 
SECRETION BEFORE AND AFTER TRUNCAL VAGOTOMY
IN MAN

The inhibitory effect of fat on gastric secretion and motility
1

was described by Ewald and Boas in 1886, but uncertainty persists as

to the precise mecltanism of the inhibition. A considerable weight of
*̂•8evidence suggests tSiat fat in the intestine liberates a hormone which 

inhibits gastric secretion. Inhibition by fat of the motility of a transplanted 

gastric pouch in Oie dog indicated the release of an inhibitory hormone. 

That the vagus nerves play a part in the inhibition lias, however, also  

been emphasized ’ . In this study fat in the duodenum has been found

to inliibit gastric acid secretion in men with intact vagus nerves, but not 

in men v/ho had undergone truncal vagotomy.

METHOD

Gastric acid secretion was stimulated by a constant submaximal 

infusion of histamine or gastrin in men with intact vagi and in men after 

truncal vagotomy. When a 'plateau* of secretion was reached, olive oil 

emulsion was syringed slowly into the duodenum in the course of IBminutes 

and the effect on gastric acid output followed for one hour. Control infusiom



wore performed without fat in the duodenum*

Stimulante of gastrie  secretion  M stamine acid phospliate or pure 

gastrin  II were given a t constant ra te  intravenously for 135 to 150 

minutes using a siow-infusion pump* The dose ra te  vms chosen to e lic it 

an acid output about 50 per cent of the maximum. In men with intact 

vagi gastrin  II 2.8 ug per hour and histamine 3 .0  ug per leg per hour 

were given; afte r vagotomy the dose ra te s  were: gastrin  H, 4 ug per hour, 

and histam ine, 6 .0  ug per kg per hour.

Fat in duodenum Sixty m l. of pure olive oil were used in 5 of 23 te s ts .

In the rem aining 18 tests  an emulsion was used. Equal volumes of olive 

oil and of the subject’s own duodenal asp irate w ere blended in a  homogeniKei 

for 10 minutes a t the s ta r t  of the te s t. The resulting stable emulsion had 

a pH between 6.1 and 7 .2 , with a  mean of 6 .8 . Fifty to sixty m l, were 

used in the norm al subjects and 80 to 150 m l. in those with duodenal 

ulceration. None of tîie subjects became nauseated whexi fat was placed 

in the duodenum.

Subjects All were m ales, to whom the purpose of the test was explained 

and who agreed to participate. Group 1 (intact vagi: gastrin  stimulus) 

consisted of 5 healthy medical students, aged from  18 to 27 years and 

weighing from 62 to 81 kg. Group 2 (intact vagi; histamine stimulus) 

consisted of 6 men, aged 16 to 80 years and weigMng from 59 to 71 % .



Five of the 8 Imd undergone a laparotomy 8 to 10 days previously. In 3 

a perforated chronic duodenal ulcer Imd been treated by simple suture, 

and two others had a negative exploration and pyloroplasty alone for 

suspected duodenal ulceration. At operation a triple-lumen gastrostomy 

tube (Fig. 1) was placed in position. One wide lumen was used to drain 

the stomach, while the two other fine polyethylene tubas were manipulated 

into the second part of the duodenum and were used for feeding in tlie 

post-operative period. The sixth subject was a man of 54 with a chronic 

duodenal ulcer who had not undergone surgery.

Group 3 (vagi severed, gastrin stimulus) Five tests were done 

on 4 men, aged 35 to 69, and weighing 62 to 76 kg. who had undergone 

truncal vagotomy with Helnecke-Miculica pyloroplasty 6 to 11 days 

previously, in the treatment of chronic duodenal ulceration. Grpu^^

(vagi severed, histamine stimulus) Seven teste were performed on 6 men 

who had undergone truncal vagotomy and Eeinecke -Miculicz pyloroplasty 

for duodenal ulceration 7 to 10 days previously. All the patients studied

after vagotomy liad negative insulin tests of gastric secretion according
12to the criteria of Hollander *

Procedure Subjects who iiad not had an operation fasted overnight 

before tiie test, wMch commenced about 9 a.m . Patients convalescing
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Fte. 1 The aspiratioE system ased in the patients after operation « 
Contiiinous suction was applied to the gastric and to one 
of the duodenal tubes* The tip of the gastric tube and the 
whole of one duodenal tuba were radio-opaque* Tubes were 
passed trajianasally in subjects who did not have an operation.



after vagotomy ingested liquids only from lunch time on the preceding day. 

Tubes Two radio-opaque tubes were passed transnasally under 

radiological control in subjects who iiad not iiad an operation. The tip of 

one was positioned low in the stomach and that of the other, which was 

biluminal, in die distal second part of the duodenum. The position of the 

tubes was checked during and at the end of each test. The duodenal 

suction holes lay between the tip of the duodenal tube, where the fat 

emerged, and the pylorus or pyloroplasty and were designed to prevent 

regurgitation of duodenal content into the stomach. Continuous suction 

from 3 electric pumps was exerted on both gastric and duodenal tubes 

throughout the test. The subject lay supine or on his left side, expectorated 

saliva and took deep breatlis from time to time to help ’pump* out gastric 

content. The suction was interrupted at intervals of 30 seconds and air 

blown down the gastric tube to maintain patency. The gastric aspirate was 

collected into specimens representing 15-minute periods. One ml. aliquots 

were titrated to the phenolphthalein end-point using 0.01 N NaOH. Acid 

output was expressed as mEq per 15 minutes. The pH of the fat emulsion 

and of the duodenal aspirate was measured using a Cambridge pH meter. 

Régurgitation of duodenal content into the stomach was assumed to have 

occurred if bile appeared in the gastric aspirate and simultaneously the 

acid concentration decreased. In the tests reported, such regurgitation 

was either absent or very slight. Twelve other tests were abandoned



on this account: one in group 1, 2 in group 2, and 9 in groups 3 and 4. 

Control gaatiln and histamine infusions Control infusions were 

performed on 16 men with intact vagi: 6 were normal, 1  iiad duodenal 

ulcer, and 3 Iiad x-ray-negative dyspepsia. Thirteen men with a negative 

insulin test after truncal vagotomy and pyloroplasty for duodenal deer 

were also studied, 1  to 10 days after operation.

Statistles The control infusions confirmed that gastric acid output 

did not change significantly after the first hour. The significance of 

changes in gastric secretion when fat was introduced into the duodenum 

was therefore calculated using the null liypothesis and Student’s t-test 

for paired observations. For each test, acid output in the 30-minute 

period immediately preceding the infusion of fat was compared with the 

acid output in the last 30 minutes of the test.

RESULTS

Group 1 Intact vagi - gastrin stimulus Significant inhibition

(p<0.02) of the output of gastric acid in response to gastrin H was 

produced by fat in the duodenum (Fig. 2). The mean decrease in acid 

output was 36 per cent. Acid concentration increased by 8 per cent. 

Group 2 Mact vagi - histamine stimulus Fat in the duodenum

caused hlgMy significant inhibition (p <,0.001) of the output of gastric 

acid in response to histamine (Fig. 2). Complete inliibition occurred



in one man without ulcer. Fitly mi. of olive oil had been placed in his 

duodénum. In the other ’normal’ man, who received 56 ml. of fat 

emulsion, acid output decreased by 88 per cent (Fig. 3). Mean inhibition 

was only M  per cent in the four men with duodenal ulcer. Acid 

concentration decreased by per cent in the 2 ’normal’ men but did 

not cliange In the 4 with duodenal ulcer.

Group 3 After vagotomy - gastrin stimulus Acid output increased 

after fat by 14, 19, 76, 116 and 164 per cent respectively in the 5 tests, 

the mean increase of 78 per cent being probably significant (p <0.05) (Fig. 

4). Acid concentration increased by a mean of 23 per cent (Fig. 6).

Group 4 After vagotomy - histamine stimulus Acid output increased 

in 6 of the 7 tests when fat was placed in the duodenum, the mean increase 

for the 7 being 76 per cent. This was not statistically significant (p <0.8) 

because variance was high. Mean acid concentration increased by 40 per 

cent (Figs. 4 and 6).

Taldng Groups 3 and 4 tc^ether, the increase in acid 

output in the 12 cases was significant (t -  2.50, p <0.05).

DlBCUeSIOH

Fat in the duodenum inhibited gastric acid secretion in all

11 testa in subjects with intact vagi, but in only 1 of 12 tests in men after

truncal vagotomy and pyloroplasty. Pure olive oil and the olive oil emuls -
ion were



CONTROLS:

I.V. G a s tr in  o r H istam in e

TESTSiFat in Duodenum

I.V. G astrin  or Histamine

Fat

5

3.

2 .
5 N .

1.

0 Ï 2
H o u rs H ours

Fig. 2 The inhibitory effect of fat in the duodenum on gastric acid 
output in men with intact vagus nerves. N -  normal,
DU -  duodenal ulcer. Each line represents the mean 1 S .E . 
m • Inhibition iiad probably not reached its maximal degree 
by the end of each test. Standard errors have been omitted 
in the last lialf hour of the tests on S normals because one 
test ended 15 minutes early, and there was slight contamina
tion of the gastric aspirate with bile in another.

I
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Marked inhibition produced b y  fat in the duodenum In 2 men 
who had undergone laparotomy and pyloroplasty, without 
vagotomy o



CONTROLS:

I.V. G astrin or Histamine  ►
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TESTS: F a t in Duodenum

I.V. G a s tr in  or Histamine

MM
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1
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L3
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Fat in tSie diiodennm led to an increase in acid output in 
vagotomimed men. Each subject had a duodenal ulcer 
treated by truncal vagotomy and pyloroplasty about 8 days 
previously* Numbers indicate number of tests* Lines 
are mean i  Inhibition occurred in only one out
of twelve tests*



VAGUS NERVES INTACT AFTER VAGOTOMY AND PYLOROPLASTY 

I.V.Gastrin or Histamine I.V.Gastrin or Histamine«Q — ■■ -  —..........-I — —̂

Fat

120 ,

10

sa
Acid 
Cone. 
mEq 1. 60.

•5N.
> 7 0 U

4 0 ,

G ktstrinU  *  F a t in Duod.
20.

0 “ " 0  H is ta m in e  + F a t in  D uod.

H i s t a m i n e  ( C o n t r o l )

J 2 0

.100

30

30

. 4 0

.20

lo
Hours

1 2 
Hours

Fi|>\ 5 Mean acid concentrattonj in men with intact vagi on left, 
and in men after vagotomy on the right* N -  normal,
D*iJ* -  dnodenal lUcer* For the aake of simplicity, data 
for control gastrin infusions have been omitted: they were 
similar to those for the control Mstamlne Infiisiona. Fat 
led to a decrease in acid concentration in only 3 tests 
(see text)* These data suggest that there was little 
contamination of gastric acid by alltallne duodenal content.



equally effective, perhaps because the pore oil was quickly split by

lipase and bile on entering the duodenum. înMMtion was seen in each

of the 4 men with duodenal ulcer who still had intact vagi, but the degree

of inhibition was less than in men without ulcer. % contrast, a mean

increase in acid output of 76 per cent occurred in the 13 tests in men who

had undergone truncal vagotomy and pyloroplasty for duodenal ulcez'ation,

when fat was placed in the duodenum. That the vagotomy was the important

factor in the clmnged response to fat, rather than the pyloroplasty or the

preceding surgical trauma, is shown by the fact that inMbition by fat

could still be demonstrated in 5 subjects in Group 2, all of whom imd

tmdergone laparotomy with, in two cases, a pyloroplasty as well (Fig. 3).

Pyloroplasty alone does not interfere with the inhibitory effect of fat
13on gastric emptying .

Nausea was not a factor in causing inMbition, perhaps because 

the amount of olive oil used was relatively small. The subjects were 

all asked if they had felt nauseated, but none had done SO; ̂

The inhibition observed in men with intact vagi is the expected 

result. It wî̂ B not due to unsuspected regimgitation of duodenal content, 

since the concentration of gastric acid did not diminish (Fig. 5). The 

failure to demonstrate inhibition by fat of gastric acid secretion in 

vagotomi'-?.ed men is more surprising, since most previous workers''"



found tlmt fat h i  the intestine inhibited acid secretion from pouches 

in dogs. O i l the other liand, Gregory and Tracy^ " showed tliat fat in 

the duodenum had little or no action against a histamine stimulus if 

the factor of nausea was excluded, hi the present study, the acid out

put of the vagotomiîaed men increased in 11 of 12 tests after fat was 

placed in the duodenum, whereas little o r  no increase was observed in 

the control infusions.

These results imply tîmt, in man, the vagus nerves play an 

importent part in fat “induced inhibition of gastric secretion. They also

suggest an explanation for the enhanced intestinal phase of gastric
I Bsecretion that lias been noted after vagotomy i n  dogs'" . Whatever

inhibitory hormone(s) is released by fat in the intestine, it does not

seem to have been effective in the absence of a cholinergic background

m our patients in the early days after tinmcal vagotomy. Hence, it would

appear that the nervous component of the inhibition may be greater in man

timn in the dog. Apart from a possible species difference, the discrepancy

between our own and previous date might be due to the smaller amount of
7fat administered in this study. For example, XIalvoraon et a l» gave 

100 mL of oil in 2  minutes to dogs weighing 10 kg. In the present study 

30 to 75 g of olive oil were given in the com*se of 15 minutes to man 

weighing 70 kg. These quite small amounts of fat, equivalent to about



the mean daily intake in the human diet, were sufficient to elicit 

inhibition, without nausea, in the subjects with intact vagi. Despite 

the administration of up to twice that amount of fat to the vagotomteed 

men, no inMbition was seen*

Another iniiibitory action of fat in the intestine, namely

inhibition of gastric motilit^r, has been reported to have an important
iô Xi.vagal component, both in dogs and in man * This would parallel

the results of our study*

What part secretin m i d  cholecystokinin-pancreossymin play

in the inhibition of gastric secretion has not been defined with precision.

Secretin has been shown to inhibit gastric acid secretion stimulated by
1 0 -1 9gastrin but not that stimulated histamine . Cholecystoldnin-

pancreozymin has been ahowxi to inhibit histamine - and gastrin-stimulated
18gastric secretion in the dog , but is a competitive inhibitor of gastrin

20 21and may also stimulate gastric secretion in man  ̂ . It seems lilmly

that in the present series of experiments lx>th hormones were liberated 

by the presence of olive oil in the duodenum, not only before but also 

after vagotomy: yet if secretin was the iuMfoitory agent in the men 

without vagotomy, its action seems to have been abolished by the 

operation of truncal vagotomy*



^0 /

SUMMARY

In normal men and patients with duodenal nicer whose 

vagus nerves were intact, fat in the duodenum produced significant 

inhibition of gastric secretion stimulated by gastrin II or by histamine. 

Inhibition could not be demonstrated in patients 6 to 1 1  days after 

truncal vagotomy and pyloroplasty for duodenal ulceration. It is 

suggested that inhibition of gastric secretion in man by fat in the 

duodenum has an important vagal component.
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Comment
1The results of this study, which was published m 1969 ,

were extremely surprlBing, not least to its authors. It was therefore 

encouraging to read the report by Isassa and Ills colleagues ' in 1971 

that denervation of the small intestine virtually abolished the inhibition 

by fat in the intestine of pentagastr in-stimulated acid output from the 

whole hmervated stomach in the dog.

In view of the fact ttot truncal vagotomy led to a large increa

se in 24"hour acid output from Heidenhain pouches in dogs, whereas 

bilateral selective vagotomy produced a much smaller increase in 

secretion, it seemed to us that, in man, fat-induced inhibition of gastric 

acid secretion might prove to be more effective if the vagal nerve supply 

to the small intestine were spared (as in selective or higlüy selective 

vagotomy) timn if it were cut, as in truncal vagotomy* We decided, 

therefore, to compare fat-inhibitlon in patients who imd undergone either 

T¥*î P or E8V, and to eliminate some of the weaknesses of the above 

study by carrying out the experiments, not in the early post-operative 

period, but more than one year after operation, and also by using the same] 

dose of stimulus (pentagastrln) and ’’inhibitor’* (olive oil) in all subjects*
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INHIBITION OF GASTRIC SECRETION BY FAT IN THE INTESTINE

PART n EFFECT OF HIGHLY SELECTIVE VAGOTOMY AND OF 
TRUNCAL VAGOTOMY AND PYLOROPLASTY ON
mmBITION OF GASTRIC ACID SECRETION BY FAT 
IN THE DUODENUM

The results of the preceding study suggested that inhibition 

of gastric secretion by fat in the duodenum load an important vagal 

component. We thought, therefore, that inhibition by fat would prove 

to be greater after HBV tiian after an operation such as truncal 

vagotomy which vagally-denervates the small intestine.

METHOD

Patients (1) Five patients with active duodenal ulceration were 

studied before operation. (2) Six patients were studied more than oxie

year after HB¥. In all six, the insulin test (which was performed as
1described previously) liad been negative by Hollander’s criteria soon 

after operation. The insulin test was repeated in these six patients 

more than one year after HSY, and was found to foe still negative in 

four and late-positive in two. (3) Bix patients were studied more timn 

one year after TVfP. In each, the insulin test was negative both In 

tlie early post-operative period and more tton one year later. All 

seventeen patients were men. The patients after TV*i*P or HSV were



in good health. For details of patients and of each test, see Table.

B iK  other tests in men after vagotomy were abandoned because of 

difficulties with intutetion or bc ĉause of regurgitation of bile into 

the stomach. As in the previous section such regurgitation in the 

tests reported here was either absent or very slight.

Stimulus to gastric secretion Pentagastrin was given by constant 

infusion from a Palmer pump, in a dose of 0.2 ug per h g  per hour, 

for 2 | to 3 hours.

Procedure The methods used were almost identical to those 

described in the preceding paper. Gastric secretion was collected 

into samples representing 10-minute, rather than 15-minute  ̂periods.

Two tubes were passed transnasally and the tip of one positioned in 

the stomach to the left of the vertebral column, while the tip of the other 

was placed in the distal second, or third, part of the duodenum. 

Continuous suction was exerted on both tubes throughout the test.

When a steady plateau of gastric acid output had become established in 

response to the pentagastrin infusion (usually between 70 and 100 minutes 

from the start), 60ml. of pure olive oil at room temperature and 

pH 6.7 were syringed gently into the duodenum in the course of 5 to 8 

minutes and the effect on gastric acid output followed for 60 to 70 

minutes. The olive oil did not cause nausea in any patient.



Statistics We have shown previously tXmt the plateau of acid

output in response to Intravenous pentagasti’in in a dose of 0.10 to

0.15 ug per % per hour is maintained for 150 minutes in normal
3volunteers and in patients with duodenal ulcer before operation . We 

have not performed conti’ol pentagastrin infusions for 3 hours in 

patients after vagotomy, but have assumed that the plateau remains 

constant after 90 minutes, just as it did in the control gastrin and 

histamine infusions in vagotomized patients. Good plateam: had been 

established for 30 to 40 minutes in most of the tests in the present 

study before fat was placed in the duodenum. The significance of 

changes in gastric secretion was calculated by means of Student’s 

t-test for paired observations. For each test, the acid output in 

the two 10-minute collection periods immediately preceding fat-infusion 

was compared with the acid output in the two consecutive 10-minute 

periods after fat-infusion which gave the lowest reading. Glianges in 

acid concentration were calculated from the same four ten-minute 

periods.

EE8IJLT8

Patients with duodenal ulcer before operation Fat in the duodenum 

produced significant inhibition (p^O.Ol) of gastric acid output 

(Table, Fig. 1). Mean acid output decreased from 7.9 to 2.0 mEq



per 10 minutes, a mean decrease of 74 per cent. Mean acid 

concentration decreased from 123 to 103 mEq per litre, a 

statistically significant decrease (p< 0.01). The time-course of 

inMbition varied considerably. On average, the nadir of acid output 

occurred 44 minutes after the stait of fat infusion.

Patients tested two years after HB¥ Since no difference in response 

was seen in the two patients with late-positive insulin tests, compared 

with tliat in the four patients whose insulin tests were negative, all 

sl3£ patients will be considered together (Table, Fig. 2). Fat produced 

inhibition of acid output in four tests, but did not produce inMbition 

in two tests* Mean acid output diminished from 3.6 to 2.3 mEq per 

10 minutes, a decrease which was not quite significant (0.1^ p^ 0.05), 

The mean decrease was 33 per cent. Acid concentration did not change 

significantly. The mean nadir of acid output occurred 52 minutes 

after the start of fat infusion.

Patients tested two years after truncal vagotomy and pyloroplasty 

Acid output decreased significantly (p ^0.02) after fat, from a mean of 

2.5, to 1.6, mEq per hour (Table, Fig. 3). Acid output diminished 

in each of the six tests. Acid concentration did not cliange significantly. 

The mean nadir of acid output was reached 43 minutes after the 

start of fat infusion.



EFFECT OF FAT IN DUODENUM IN 5 PATIENTS 
WITH DUODENAL ULCER BEFORE OPERATION.

IV. Pentagastrin  0  2uc^K ayhr

ACID
OUTPUT

riEq/lOmin

m

p< 0 Oi

0 0
HOURS

Fig. 1 Olive oil in the duodenvun produced a significant 
mean deci^ease in acid output of 74 per cent. 
Figures are means 1 SE.



EFFECT OF FAT IN DUODENUM IN 4  PATIENTS WITH
NEGATIVE INSULIN TESTS GREATER THAN 1 YEAR AFTER HSV

ACID
OUTPUT

m Eq/lO m ins

I.V P en tagastrin  0 * 2 > i^ k ^ l

FAT

HOURS

2 In tour  p a tien ts  w ith complete ( in s itlin -n eg a tiv e)
HSV*5 o liv e  o i l  in  the duodenum in iiib ited  pentagastrin. 
stiim ilated  acid  output by a mean o f  39 per cen t.



EFFECT OF FAT IN DUODENUM  IN 6  PATIENTS W ITH
J^EGATIVE IN SU LIN  TESTS GREATER THAN 1 YEAR AFTER T V * P

ACID
OUTPUT

mEq/lOmins

I.V Pentagastrin 0 ‘2jj^K ^/hr
FAT

HOURS

Fig, 5 In six patients whose insulin tests were negative more 
than one year after truncal vagotomy and pyloroplasty, 
olive oil in the duodenum produced significant 
inhibition of acid output (mean decrease, 59 per cent).
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u la t e d  g a s t r i c  a c i d  o u tp u t  i n  t h r e e  grou p s o f  p a t i e n t s

(1 ) (2 )
ACID OUTPOT 

mEq per 10 mins.
ACID

CONCEîffiRATIOH
mSq per l i t r e TIMINO 0E 

NADIR 0E 
\CID OUTPUT 
AFTER PAT 

(m ins.)

PGPAO
mEq/ta-

ELA03SAU
iriEq/hr

(2) :  (1)
PER

CENT
PLATEAU

NADIR
AFTER
EAT

ÏSR
CENT

REDUCTION
PIATEAU

NADIR
AFTER
EAT

68.82 59.10 85.88 9.85 1.44 85.38 126 115 20 - 40
60.42 30.30 50.15 5.05 0.56 88.91 120 100 20 ~ 40
52.58 40.38 77.09 6.73 3.89 42.20 103 88 60 ~ 80
47.45 43.26 91.21 7.21 2.35 67.41 121 103 30 -  50
76.08 63.06 82.89 10.51 1.51 85.63 145 109 40 - 60

61.05 47.22 77.44 7.87 1.95 75.91 125*0 103.0 44.00

5.25 6.09 7.20 1.01 0.56 8.78 6.73 4.55 7.48

17.08 24.54 143.68 4.09 2.57 37.16 100 90 40 - 60
14.88 20.22 135.89 3.37 1.67 50.45 107 99 4o — 60
14.40 19.44 135.00 3.24 3.20 1.23 108 104 50 - 70
6.24 3.12 50.00 0.52 0.17 67.31 17 7 30 - 50

16.85 13.15 116.14 2.81 1.90 39.09 83.00 75.00

4.93 5.21 (-5 . 68) 130 132 40 - 60
~ - 5.32 2.87 46.05 111 120 5 0 - 7 0  i

3.58 2.62 32.75 95.50 92.00 51.67 i

0.70 0.68 11.80 16.23 18.08 3.07 1

22.00 24.96 113.45 4.16 3.50 15.87 61 90 30 -  50
7.14 9.54 133.61 1.59 1.24 22.01 80 76 50 -  70

29.91 16.80 56.17 2.80 2.04 27.14 99 97 50 - 70
14.28 15.78 110.50 2.63 1.10 58.17 90 76 40 - 60
4.50 4.14 92,00 0.69 0.33 52.17 63 67 10 - 30

35.50 17.22 51.71 2.87 1.15 59.93 97 70 20 -  40

18.52 14.74 92.91 2.46 1.56 59.22 85.00 79.33 43.33

4.85 2.92 13.46 0.49 0.49 8.05 5.45 4.79 6.67

The dose o f  pentagastrin  was 0*2 ug per kg per hour intravenously* Note
th a t th is  e l i c i t e d  near-maximal le v e ls  o f  acid  output. PAOPG (column ( l ) )  
was e l ic i t e d  by intramuscular pentagastrin  in  a dose o f  6 ug per kg in  pre 
operative p a tien ts  and lOug per kg a fte r  vagotomy. P lateau re fers  to  the 
20-minute period before fa t  was placed in  the duodenum (see  text}*



"Plateau" of gaatric secretion This proved to W little different 

from the maximal acid output in response to intramuscular pentagastrin 

(Table).

DlBCUgSSOH

In contrast to our findings in patients one week after 

truncal vagotomy, we found in ttds study that fat in the duodenum 

produced significant inMbition of gastric acid output more than one 

year sifter truncal vagotomy in man. Tlie other main findings were 

that inMbition was no greater after KSV tlian after TV+P, and that 

the degree of inMbition after either type of vagotomy was much less 

than that wMch was found in patients whose vagus nerves were intact.

Thus, it would appear that our failure to demonstrate 

InMbition by fat in (^tients one week after TY+P was due in some way 

to the short period of time wMch had elapsed after operation. InMbition 

in the present study could not be attributed to regeneration of the vagus 

nerves, because the insulin test had been repeated in each of the siic 

patients, eighteen months, on average, after operation, and was still 

negative in each. The use in Mis study of pentagastrin instead of 

gastrin II, and of pure olive oil instead of an emulsion is unl&ely to 

have been responsible for the different response to fat in the intestine



at two years g compared with at one week, after TV

MiiMtion of pentagastriix-stimtilated acid output Ir^  fat in
4the intestine wae demonstrated by Windsor, Coekel and Lae , In a

single patient, thi*ee months after TV4-P. An insulin test had not been

performed in that patient, but Ms MAO îiad been reduced by about

60 per cent by the vagotomy. The degree of inhibition was 37 per cent,

compared with a mean of 70 per cent in six patients with duodenal
5ulcer who were tested before operation. More recently, Ward has 

reported timt inhibition of pentagastrin-stimulated gastric acid 

secretion by fat in six men one yaar after complete (insulin-negative) 

TV-!*P was ’̂ marked’’ in each case, and that the degree of inMbition 

was as great after vagotomy as Wfore operation. Hence, he suggested 

that inhibition of gastric secretion by intraduodenai fat was mediated 

by a non-vagal mechanism, and that from this point of view there was 

little to h e  gained by preserving the vagal nerve supply to the duodenum, 

as i s  clone i n  H8V or SV.

Certainly, we were disappointed to find in the present study 

that inhibition by fat after HS¥ (mean inhibition, 33 par cent In 6 men) 

was no greater than tliat wMch was found in 6 men after TV-i-P (mean 

inhibition, 39 per cent). BiMbition was significant (p^O.02) in 

patients after TV -̂P, butmt quite significant (p^O.l) in patients after



The tinie-reîationshipG of the Inhibition were similar in the 

two groups of patients (Figs* 2 and 3)* These findings suggest tiiat

fat in the intestine released as much '"enterogastrone" (humoral 

iulilbitor ©ufostance(s)) from the vagaUy-denervated intestine as from 

the normally-innervated intestine* We must therefore agree with
y

Ward that, from tMa point of view, there appears to be little 

advantage in preserving the vagal nerve supply to the biliary tract, 

pancreas and small intestine*

Comparison of the degree of inhibition in patients with 

Intact vagi (Fig. 1) with that wMch was found in patients after HS¥

(Fig. 2) or TVfP (Fig. 3) reveals a striking difference. Inhibition 

was much greater (74 per cent) before vagotomy than after either type 

of vagotomy (36 per cent). Since the numbers of patients in each group 

v/ere small, it cannot be claimed tiiat this difference is statistically 

significant. However, a mean 70 per cent inhibition of pentagastrin-

stimulated gastric acid output by fat in the duodenum was also found
4by Windsor et a l. in six patients with duodenal ulcer before operation, 

v/hereas after TV-^P, in one patient, the degree of inMbition v/as only 37

per cent. The time-relationships of the inhibition were similar to those
6which were found in om' patients. I n  dogs, Isasa and Ills colleagues 

found tImt 15ml* of a 60 per cent emulsion of olive oil when introduced



into the proximal Jejunum inhibited pentagastrin-stim ulated acid 

output from  the vagally «innervated stomach by 69*7 per cent (mean 

of 25 experiments in five dogs). As In our patients, the onset of 

inhibition m  the dogs was rapid, and inMbition was masdmal about

45 minutes after the s ta r t of fat infusion. Since the amounts of fat
4used by Windsor et aL (40ml. of ground nut oil) were fairly 

s im ilar to those used by ourselves, and since the dose of pentagastrin 

used by Windsor ©t aL elicits near-m aidm al levels of acid output, 

while tîiat used in our study elicited acid outputs averaging 77 per cent 

of maximal, it seem s reasonable to conclude that 40 to 60ml. of fat, 

when placed inüie upper intestine of patients who liave duodenal 

ulceration and intact vagus nerves, inhlbit ma^àmal, or near-m m dm al, 

pentagastrin-stim ulated acid output about 70 per cent. After 

vagotomy, whether highly selective or truncal in type, the degree of 

inhibition is approximately halved (39 per cent inMbition in 6 patients 

a fte r TV-i-P and 33 per cent inMbition in 6 patients after HSV). The 

sim ilar degrees of inMbition after T¥-i*P and H8¥' suggest that equal 

amounts of humoral InMMtor a re  released by fat in the intestine after 

either type of vagotomy. The le sse r  degree of inhibition found a lte r 

vagotomy compared with before operation suggests tha,t integrity of 

the vagal nerve supply to the parietal cell m ass is necessaiy  for the



full efficiency of action of that humoral inhibitor. Tims, just as  there

la synergism  between the vagus nerves and gastrin  in the stim ulation
7 8of gastric  secretion ' , so there would seem  to be synergism  between 

the vagus nerves and ’*enterogastrone” in the inhibition of gastric  

secretion . Mid Just as we have shown that tn man vagotomy (TV,

BY or BBY) dim inishes the peaic acid response to pentagastrin by 

about 50 par cent (vide supra), so now we have obtained prelim inary 

evidence that vagotomy (TV, HSV) of the ^ r i e t a l  cell m ass diminishes 

the inMMtory effect of fat in the intestine on near-m axim al acid output 

by about 50 per cent. This suggests that vagotomy of the parietal cell 

m ass dim inishes the iniiibitory effect of ’’enterogastrone” on 

pent^igastrin-stimulated g astric  acid secretion  by 50 per cent. In 

our previous study, which was performed in patients soon after 

operation, we suggested that truncal vagotomy abolished inhibition of ̂ wàt4,trmm^ M W #. mmiiA

gastric  acid output by fat in the duodenum. On the basis of tMs study 

of patients two years a fte r truncal or highly selective vagotomy, we 

would now suggest ümt vagotomy reduces fat-Induced inhibition of 

gastric  acid output by about half, and that this reduction in the degree 

of inhibition is  aM butable to vagal denervation of the parietal cell 

mass, ra th e r tiian to vagal denervation of the in testine.



SUMMAEir

The effect of placing 60mi« of olive oil in the duodemmi 

in the course of 5 to 8 minutes on maximal, or near-maKimal, gastric  

acid output in response to pentagastrin infusion was studied in ttoee 

groups of patients, ixi five patients with duodenal u lcer before 

vagotomy, fat produced marked (74 per cent), sta tistically  significant 

(p ^0 .01) InMMtion of gastric  acid output. In six: healthy patients 

two years after complete (insulin-negative) truncal vagotomy and 

pyloroplasty, inhibition was again significant (p ^ 0 ,0 2 ), but le sse r 

in degree (mean, 39 per cent), M s ix  patients who were in good 

health two years afte r HS¥ (4 iiad negative insulin tests and two,

* late-positive* tests m ore than one year after HB¥), mean inhibition 

after fat was 33 per cent, wMch was not quite significant (p ^ 0 ,1 ) . 

Since numbers a re  sm all, conclusions can only be tentative. These 

conclusions a re  (1) fat in the duodenum re leases  as much humoral 

inhibitor (’’enterogastrone**) from vagally-denervated intestine 

(TV*!-P patients) as from  vagally-Innervated intestine (H8V patients), 

(2) in consequence, no evidence has been found that preservation of 

the vagal nerve supply to the sm all intestine leads to g reater 

inhibition of gastric  secretion by fat than occurs if the intestine 

is vagaily-denervated, and (3) vagal denervation of the parietal



cell m ass reduces by about 50 par cent the effectiveness of the 

humoral inhibitor released  by fat. As with stim ulation of gastric  

secretion , so with inhibition, a vagal’’perm issive’’ background

seem s to be essen tia l for the full efficiency of action of humoral 

substances acting upon the paxletai cell m ass. As we suggested 

previously, inhibition of gastric  secretion in man by fat in the 

duodenum has an im portant vagal component. That component 

is not, however, the vagal nerve supply of the sm all intestine, 

but the vagal nerxre supply of the parietal cell m a ss ,
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CHAPTER 8

ON THE PœSÏBLE INHIBITORY ROLE OF THE NERVES OF

LATARJET AND OF THE ESTRA-GASTEIC VAGI

ON GASTRIC ACID SECRETION

(effect of insulin on the response to pentagastrin)



THIS EFFECT OF INBULM ON THE ACID RESPONSE TO 
PENTAGASTRIN IN SUBJECTS WITH INTACT VAGI AND 
IN PATIENTS AFTER TRUNCAL, SELECTIVE AND HIGHLY 
SELECTIVE VAGOTOMT

The hepatic and coellac branches of the vagi
1 2mediate inhibition of gastric secretion in the dog ' They 

are sacrificed in trimcal vagotomy (TV), tat preeerved by E8V. 

Stimulation of the nerves of Latar jet to the antrum of the

stomach in the dog tea also been reported to produce inhibition
3of gastric acid output . The nerves of Latar jet are sacrificed 

in TV (and in selective vagotomy, 8V), tat preserved by H8V*

In human subjects with intact vagus nerves, vagal stimulation 

by means of insulin-hypc^lycaemia has been shown to significant

ly increase the ’’maximal” acid output in response to the
4augmented histamine test . The latter effect is thought to be

5 Gdue to the ’’cholinergic background”  ̂ which is produced at 

the vagal nerve endings in the parietal cell m ass. Thus, it 

would appear tliat the vagal nerve trunks contain some fibres 

which stimulate gastric acid secretion and others which inhibit 

it. When the vagus nerves are stimulated in intact human



subjects, the net effect on gastric secretion is stimulation, 

because the stimulatory effect is stronger than the inhibitory 

one.

Since HSV preserves all the vagal fibres which 

have been shown (in the dog) to Inhibit gastric secretion but 

severs a ll the fibres to the parietal cell m ass, we thought 

that if the vagus nerves were stimulated in patients after H8V, 

an inhibitory effect on gastric secretion might be found, 

whereas if the same stimulus were applied in patients after 

TV, there would be no effect. Insulin -induced hypoglycaemia 

was chosen as the means of stimulating the vagi. In the 

following experiments, its effects were noted on gastric acid 

output elicited by pentagastrin, in subjects with intact v£^i 

and in ^ tien ts  who had undergone truncal, selective or highly 

selective vagotomy.

METHOD

Subjects Five groups of subjects were studied: 7 normal, 

healthy students (N); 0 patients with duodenal ulcer before 

operation (DU); and paOents who were in good health, more 

than one year after truncal vagotomy and Heinecke-Miculicz 

pyloroplasty (T?-i-P, 24 patients); bilateral selective vagotomy



and H-M pyloroplasty (S¥-i'P, 9 patients), and E8V (22 patients). 

Most of the vagotomiseci patients were in Yisick grades I or ÏÏ.

Fatiants Judged to be elinieal failures were excluded. Each
7patient after vagotomy ted  been found to have a negative 

insulin test in the early post-operative period. One normal 

volunteer and four patients afte r H8Y w ere fem ale. The 

rem ainder were m ale. Details of the patients’ ages, weights and 

insulin-test status a t the time of testing a re  presented in the 

T ables.

Tests of acid secretion Each subject underwent two tests

on separate days. The testa were performed in random order.
8One te s t a  standard, Intram uscular pentagastrin (FG) te s t , 

which te a  been described previously. It lasted for 90 to 120 

m inutes. After collection of ”basal” secretion for 30 to 60 

minutes, PG was injected and the subsequent gastric  asp irate 

collected into twelve sam ples, each representing a 5-minute

period. The dose of PG was 0 ug per kg in subjects with
8 9intact vagi , and 10 ug per kg in patients afte r vagotomy.

In the other test, the PG injection was preceded by a standard

3-hour inauim te s t (one hour ”basal” , and two hours after

iuBulin). This tost too has been described e a rlie r  in the
10

T hesis. The dose of insulin was 0 .2  units per kg ,



and was given intravenously two hours before the in tra 

m uscular injection of pentagastrin. G astric acid was collected 

and titrated as described previously. The acid response to 

insulin was Judged early-positive (in the f ir s t  hour), la te -
1positive, or negative, according to the c r lte ila  of Hollander

11and the modified Rose and Eay c rite r ia  . The acid response 

to PG was expressed in mEq per hour, (a) as ”PAO ” , which 

is the acid output in the four consecutive five-minute collection 

periods which gave the highest reading,multiplied three, and 

(b) as total-hour acid output (”MÂO”), which is the total acid 

output in all twelve 5-minute collection periods.

S tatistical analysis The differences between acid outputs

in response to PG alone, and in response to PG given after
12insulin, were analysed by Student’s t te s t for paired data .

For purposes of illustration (Fig. 1), the mean acid 

response to PG alone for each group of subjects was taken as 

100 per cent, and die mean acid response to PG -after-insulin 

was expressed as a  percentage of that response.

EEBÜLT8

Normal subjects (N) P rio r vagal stim ulation led to a  Mghly 

significant increase (p <0.001) in MAO from  22.7 1.4 to



35.4 2 .6  mEq per hour (Tables I and H, F ig. 1). The

mean increase was 66 per cent. MAO in response to PG- 

after-inaulm  was g reater than ”MAO” in response to PG alone 

in a ll 7 subjects.

Patients with duodenal u lcer before operation (DU) The 

total-hour acid response (MAO) to PG -after -insulin was 40.8 4̂ 

2 .3 mEq per hour, compared with 34.8 j%1.6 mEq per hour 

in response to PG alone (Tables I and HI, F ig. 1). The mean 

increase was 17 par cent, and was sta tistically  significant 

(p <0.05). The acid response to PG -after -insulin was g reater 

than the response to PG alone in 6 patients, and lower in one. 

Patients after trim cal vagotomy and pyloroplasty (TV-i'P)

P rio r insulüi stimulation produced no significant change in 

MAO in response to pentagastrin (Tables I and IV, Fig. 1).

PG-stim ulated MAO after insulin averaged 93,3 par cent of 

MAO in response to PG  alone. In the PG te s t with insulin,

PG-MAO was g rea ter in 10 patients and less in 14 patients, 

than MAO afte r PG alone. The mean difference in MAO in the 

24 paired tests was 1.1 ;f 1 .0  m lq  per hour (0 .3 ^  p ^  0 .2). 

Patients after selective vagotomy and pyloroplasty (8VfP 

No significant clmnge in the response to PG was observed in



MEAN ACID RESPONS^TO PENTAGASTRIN.GIVEN ALONE OR AFTER INSULIN. 

16CL

z
Of Response 
To Pentastrin 

Alone 80.

4 0

i

I i

P//1 PG atone. 
( I PG a fte r

Insulin .

NORMALS DU TV+P SV+P HSV
N u m b e r----- (7) (6) (24) (9) (22)

sig^of
difference p — <0*001 <0*05 NS NS <0*02

(̂ ’tMAO = to ta l-  hour acid output)

Fig. iiour’ acid output (MAO) m the 60-minute 
period after the mjecticm ox pentagastrin alone, 
compared with MAO in response to penta,gastrin given 
two hours after insulin„ When the vagi were intact 
(H, Du) insulin produced Piignifleant stim ulation of 
the pentagastrin response; after truncal or selective 
vagotomy (TV, dV) it produced no significant change; 
after H8V\ insulin produced significant inhibition.
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COMPARISON OF MEAN RESPONSES TO PG ALONE AND TO PG AFTER INSULIN.

ACID
OUTPUT

mEq 
per Smins

20.
PG atone

.1%.

1-Q
PG a f te r  

Insulin

MÎ1SEM 
n = 22

1 2  3 4  5 6 7 8 9  10 11

5 -M inute Intervals

Tile mean acL, responae to pentagastrin alone v/as 
significant j  g reater (p^0o02) than the mean 
acid response to pentagastrin given after insnllnj 
in 22 patients more than one year after ESV»
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the PG tests with insulin (Tables I and V, Fig\ !)• PG- 

stimulated MAO after insulin was 97*7 per cent of ti:B MiâO 

in response to PG alone. Acid output increased in 5 patients 

and decreased m four. The mean difference in MAO in 

paired tests in 9 subjects was O.G 1 .7  mEq per hour 

(o .B > p > 0 .7 ) .

Patients after H8¥ P rio r injection of insulin produced a 

significant (p<0.02) decrease in pentagastrm -stim uiated 

MAO from a mean of 16.4 1.5 mEq per hour to 13,2 ^ l . S  mEq

per hour (Tables I and VI, Figs. 1 and 2). The mean decrease 

was 15 per cent. Pentagas trim -stimulated MAO after insulin 

WB..B less than MAO in response to PG alone in 16 patients, 

and greater in 6 patients.

DISCUSSION

The sta tistica l analysis was based on the assumption 

tliat the pentagastrin (PG) response is reproducible after any

of the three types of vagotomy. It is  certam ly reproducible
Bbefore operation , Although reproducibility of the PG response

after vagotomy lias not to our knowledge been proved, it seem s
8IMiiely to foe reproducible because the pentagastrin test , lilm



the augmented Mstamine tear''*, is baaed on the principle 

that each parietal cell is stim ulated to produce the maximum 

amount of acid of which it is  capable in response to the 

pentagastrin, o r histamine, stim ulus. Dose “response studies 

performed in Copenhagen (vide^supra) of the response to PG 

after HSV, in which the doses of 6, 10 and 15 ug per kg of PG 

were used, showed that each of these large doses of PG 

elicited virtually the sam e acid output,

Î11 subjects with intact vagi, the increase In so-called 

'hnaximaP^ acid output after vagal stim ulation was strüdng,

12 of the 13 subjects showing an increase in ”MAO*% and only 

one a  decrease . The increase in the 13 subjects was 

statistically  highly significant (p <0.001). In norm al subjects, 

the increase ranged from 5.4 to 19.0 mEq per hour, the mean 

incraase being 12.71 mEq per hour, wMle in DU patients, the 

increase ranged from 2.5 to 13.4 mEq per hour, the mean 

Increase being 5.9 mEq per hour (Tables I to Hi). Whether 

these large increases in acid output rep resen t ’’potentiation*’

by ineulin of the response to pentagastrin is a  m atter for debate.
4

In the words of Checkette et a l. ’’There would seem  to foe



no satisfactory means of clearly defining true potentiation

in such a se rie s  of clinical m easurem ents, with the attendant

variations for experim ental e r ro r , and other sources of

im precision. It therefore seem s im possible to establish

an absolute level of difference between a  histamine test and

an insulin plus histamine one, above which potentiation

can be confidently assum ed, and below v/liich it can be

excluded.” One criterion  wMch was used Gillespie and 
14G rossm an was thzt potentiation may be considered to imve 

occurred if the response to a  combination of two agents 

exceeds the masdmal response attainable either agent 

given alone. Unfortunately, we cannot claim  to know what the 

maximal acid outputs were in response to insulin alone and to 

PG alone in our subjects with intact vagi, because dose-response 

studies to insulin v/era not perform ed, and because PG was 

not given by intravenous infusion. Therefore no claim is made 

that the significant increase which was found in the response to 

PG afte r insulin rep resen ts potentiation. The design of our 

experim ent, in which PG was given two hours afte r insulin in 

o rder t te t  the acid response to insulin could be defined and that



the phase of d irec t msulm-lnhifoltion would be over before the

PG injection, is different from the methods wliich were used by

other w orkers who tove studied the effect of combinations of

pentagastrin and insulin on human gastric  secretion . When 
15Halter et aL  gave to 10 norm al subjects either subcutaneous 

pentagastrin (6 ug per kg), o r intravenous insulin (12 units), 

or both (insulin 4* pentagastrin) together, the mean peak acid 

outputs obtained in the tiiree tests were s im ila r . This could 

have been because the phase of d irec t insulin-inlilMtion 

coincided with the time of peak acic- response to PG in some
15patients. When PG was adm inistered 30 minutes afte r insulin ,

a  slightly -elevated pealc acid response to PG was found, which

was not sta tistically  significant. H alter e t a l . concluded that

insulin did not potentiate the maximal acid response to PG in
16man. A sim ilar conclusion was reached by Limbosch e t a l . , 

who stim ulated gastric  secretion with intravenous PG infusion 

(6 ug per kg per hour), and injected 20 units of insulin rapidly 

intravenously when a  plateau of secretion  had been attained.

In 16 patients with inlact vagi, insulin did not a lte r  the acid 

response to PG, whereas it strongly stim ulated pepsin secretion . 

M contrast, in 14 patients who had undergone truncal vagotomy,



1 1wMc:‘ was compléta by the Boss and Eay c rite ria , injection 

of inBiuin produced significant inhibition of PG-stimulated acid 

output, and was also said to inhibit pepsin output, though the 

degree of inMbition did not appear convincing. Our findü^a 

were thus a t variance with those of H alter e t a l. and LimbOBcii 

et a i. , probably because of differences in the design of the

experim ents. They were in agreem ent, however, with those
4of Checketts e t a l . who had shown previously in patients with 

duodenal u lcer that acid output in response to the augmented 

Mstamine test was increased sigiiili vritly (p <0.001) when insulin 

was given prior to the injection of histam ine. What was a u rp ris 

ing hi the present study was the alm ost invariable increase in 

MAO wMch was observed afte r vagal stim ulation, in contrast 

to Checketts e t a l ’s .  m ore variable re su lts , m their study, 

although a  statietieally -significant mean increase in MAO v/ae 

found, M stamine-stim ulated MAO decreased after insulin In no

fewer tten  IB of their 67 patients.

In contrast to our findings in patients with intact 

vagi, insulin was not found to influence the pentagastrin 

response significantly in patients who had undergone TVfP or



8 V f p . The fiiidings in the patients after TVfP were not 

imexpected, because after section of ail Intra-aM om inal vagal 

fibres at operation, impulses in the vagus nerves were presum ab

ly unable to reach  their effector organs below the diaphragm.

In patients who were found to have positive responses to

Jnsulin in these tests  more than one year after TV-i-P, patches
11of the parietal cell m ass were probably vagaily-im iervatecr ,

and tills may have contributed to the large increases in PG-MAO

which were observed after insulin in a fev/ patients (Table IV).

However, increases in acid output w ere also  observed in some

patients whose Insulin tests were s till negative. Insulin has

been shown to produce inhibition of gastric  acid output in dogs ,
20-22probably as a resu lt of the hypokalaemia" " ' which it produces.

22 10 Both in dogs and in man truncal vagotomy was found not to

abolish inhibition of histamine™ or peniagastrin-Btimuiatad acid

secretion by insulin. However, tliis Inhibitory effect was

dem onstrated against the plateau response to a constant

intravenous infusion of the stim ulant. In the tests wliich we

report, such d irec t insulin “inhibition took place during the

f irs t 30 to 46 minutes of the ûîsulm test, and had passed off

or had been overridden by vagal stimulation of acid output by



the tim e the injection of PG was given. Thus, in patients after 

TV'hP, non -s pecific me lüm-incluced inMbition of the acid 

response to pentagastrin was not observed, protebly because 

the pentagtistrin was given such a long time after insulin.

The failure of insulin-induced vagal stim ulation 

to inhibit the pentagastrin response in patients who iiad 

undergone 8VfP was m ore surprising , because in these 

patients the hepatic and coellac vagal fib res were presumably

still intact. These fibres have been shown to mediate
t  2inhibition of gastric  secretion in the dog* ' A variety

of explanations for the lack of inhibition could be offered.

.. weak inhibitory effect might have been masked by
■37

’’potentiation” of sécrétion from patches"" of vagally- 

innervated parietal cells , particularly because, as can be 

seen in Table V, acid outputs in response both to insulin 

and to pentagastrin were very high - much higher timn in 

patients after TVfP or E8V. While the proportion of 

patients with positive insulin tests (two-thirds) in this group 

was little different from tlie proportion in the groups of 

patients after TV-^P or H8Y, it seem s likely tliat a  la rger



proportion ox the parietal ceil m ass was iimervated in the 

patients timn in patients after T ¥  kP or HSV. When the resu lts  

in two patients aftex’ S¥-fP who had very high acid outputs 

(patients 6 and 7, Table V) were excluded, there was still 

no evidence of inhibition of the PG response after insulin in 

the remaining seven patients. As in the TVfP group, non

specific inauim-Induced inhibition was not observed. Other 

poBBible explanations for the lack of inMbition a re  tiiat the 

ex tra-gas tr ie  vagi may not inhibit gastric  acid secretion in 

man, in contrast to their role in the dog; that the methods 

which we em^oyed were unsuitable for demonstrating inhibition 

(too high a  dose of PG, given too late afte r insulin); or that 

the ex tra -gastric  vagi Ixad been damaged inadvertently at 

the tim e of operation. The last explanation is felt to be 

most improbable.

Thus, the only subjects in wMch sta tistica lly - 

significant ’’inhibition” (p <0.02) was found were the patients 

who Imd undergone KSY. The decrease in acid output was sm all, 

amounting to a  m ere 16 per cent. As stated previously, its 

sigiiâcanee is dependent upon the assumption, v/Mch is as yet



unproven, that the response to PG is reproducible after HOY.

In addition, some part of the decrease in acid output could be 

due to the sheer length of the test, which lasted for two hours 

longer than the test with PG alone: acid output may have 

declined spontaneously. Again, it could be argued that back

ground vagal stimulation might have caused more acid to be 

lost via the pylorus, ly  stimulating an tra l peris ta ls is . In the 

absence of m easurem ents of the x'ecovery of a m arker, such 

as PEG or phenol red , such a suggestion cannot he refuted. 

However, vagal stimulation would not stim ulate perista lsis  in 

the body of the stomach, where the acid was being produced 

and whence it was being aspirated by continuous suction. 

Besides, the significant increase in the acid response to PG 

after iosuiiî . Li subjects with intact vagi argues against the 

possibility of excessive loss of acid x̂ ia the pylorus. Finally, 

it is noteworthy that a sm all, 7 per cent, decrease in the 

PG response after insulin was found in patients afte r TV-fP, 

which detracts from the significance of the 15 per cent decrease 

in the HSY patients.

Assuming for the moment that the above objections



D < 0

a re  invalid, and timt the decrease in acid output in the HSV 

patients was truly Bigniücamt, it is by no means clear why 

inhibition took place. A d irec t inhibitory effect of insulin on 

gastric  secretion (not mediated by the vagi) such as has been 

shown previously in d o g s^ 'an d  in man after truncal 

vagotomy, does not seem to provide a convincing explanation, 

because such inhibition should imve been evident also  in 

patients after TV-î-P or S?-i-P. At tlie end of the two-hour 

period a fte r the injection ox insulin, m ost of the H8¥ patients 

were secreting acid a t more than basal ra te s : 14 had Hollander- 

positive responses to insulin and only 8 wereEollander -negative. 

The resu lts  in the three gx’oups of vagotomissed subjects could 

Be explained on the basis of varying degrees o:,. removal of the 

stim ulatory action of the vagus, with no clmnge in the inhibitory 

action of iuBxilm* In other words, inhibition in the HB¥ group 

could foe explained by the HSV patients Imviiig a  mox’e complete 

vagotomy of the parietal cell m ass tlian had patients a fte r TV+P 

or BV-hP. However, the resu lts  of the insulin tests after TV-hP 

and HSV provide no evidence in support oi this idea. The 

proportion of patients with a Hollander-poaitive response to

insulin was much the sam e



in a ll three groups, and acid outputs in response to msulin 

and PG were very sim ilar in the TV and HSV groups of 

patients (Table I). Although mean .PG-MAO in patients after 

SV-{'}? ¥/as unusually high, no evidence of inhibition after 

insulin could be discerned when the resu lts  in two hype.i'^secretors 

(which skewed the mean value) were excluded. There a re  

thus good grounds for believing that the inliibitlon wMch 

was observed in patients after E8V was specific, and not 

m erely clue to the non-specific inhibitory action of insulin.

If it was specific, it may have been mediated by the ex tra - 

gastric  vagi and by the nerves of I^atarjet (Fig. 3) - particularly 

the nerves of Lataxjet -j because inhibition was not found in 

patients afte r SVAPwhose extra-gastriC /^lbres were (presumably) 

s till intact. Support for the idea that the nerves of Latar jet

mediate inhibition of gastric  secretion is  available from
24

other qu arte rs . For example, Iggo has dem onstrated the 

presence ox pH - sensitive nerve endings in the mucosa of the 

antm m  of the stomach, which give r ise  to impulses in vagal 

afférents when the intima-luminal pH decreases . Again, 

stim ulation of the nerves of Latar jet, either by insulin-induced 

hypoglycaemia or electrically , has been reported to produce



tNTACT SU BJECT AFTE R  HIGHLY SELECTIVE VAGOTOMY
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Fig. 3 These tv/iii diagrams ill strate our concept of how 
Uie secretary results may be explained. In subjects 
with intact vagus nerves, insulin-induced vagal 
stimulation produces a cholinergic background which 
potentiates the action of pentagastrin on the parietal 
call mass, anxi overrides the relatively weak 
inliibitory influence of the hepatic, coeiiac and antral 
vagal fibres. Selective vagal denervation of the 
jarletal cell mass in the operation of HSV removes

the stimulatory action of the vagus on acid output, 
while preserving the inhibitory influence of the nerves 
of Latarjet and of the extra-gastric vagi.



Bigiilfieant inMbition of gastric  secretion  from vagaily-
25denervated fandic potiches in dogs . In another study,

Taklta. found that H8V in doge was followed by a significant 

increase m  acid output from ’’indicator” Heiclenhain pouches 

(presumably because of the resulting r ise  in pH in the 

antrum , leading to diminished InMMtion of the re lease  of 

gastrin); when the nerves of L atarjet were subsequently cut, 

acid output from the Heidenhain pouches increased s till further $ 

This could have teen  due (a) to an tra l s ta s is , leading to increased 

re lease  of gastrin , or (b) to rem oval of an inhibitory action
26exerted by the nerves of L atarjet. F or this reason, Taldta^ 

repeated hie experiments in another se rie s  of dogs, with the 

difference that a  Finney pyloroplasty was constructed a t the 

f irs t operation (HS¥-î-P). The resu lts  were the same; ESV-t-P 

led to an increase in acid output from the Heidenhain pouches, 

and subsequent section of the nerves of LaMi’Jet produced a 

further s%nifieant increase in pouch secretion , As Taldta 

concluded "In our experiment, pouch secretion vms significantly 

less after 8PV (-  HBV) than after 8V, regard less of the 

drainage procedure. This fact seem s to im plicate the secretory  

ro le  of the an tra l branch of the vagusV He obviously meant



"the iniilMtory ro le" of the nerves of L atarjet with respect

to gastric secretion. This brilliant se rie s  of expeiTments

was completed by the performance of truncal vagotomy la the

same dogs, which led to a further significant increase in
26pouch secretion . Professor Taldta*s work provides the

best evidence wMc \ has yet been adduced that the nerves of

L atarjet are  capable of inhibiting gastric  secretion . However,
27

Bomback and his colleagues imve also  reported , without

giving details, that perfusion of the isolated antrum in dogs

produced g reater inhibition of gastric  acid output from a

Heidenhahit pouch if the antral pouch was innervated timn if

it was vagally denervated.

The protection which a vagotomy that is confined

to the parietal cell m ass affords against peptic ulceration may

be g rea te r than the protection which is afforded by TVs-P or
28SV^’P . For example, Inter one et a l. reported tlmt H8¥ 

protected dogs against Mstamine-induced u lcer significantly 

better than did SV-hP or 8V plus antrectom y. In man, 8P ¥
29plus pyloroplasty^ (= HSY-t-P) in the hands of P rofessor HoUe 

has been followed by a less-than-one-per-cent incidence of
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re cu rren t duoilenai ulceration, in 171 patients who have been 

followed for up to seven y e a rs . In the past ttoee and a liali 

y ears , Arndrup and I have treated 250 patients with duodenal 

u lcer by HS¥ without a drainage procedure, and we have yet to 

encounter a single case of recurx^ent duodenal u lce r. Though 

some have attributed these resu lts  to the enthusiastic, or 

meticulous, way in which the opsx'^atlons were performed,

(and others to the euphoric way in which they imagine the 

patients were assessed*.), it is  difficult to avoid the conclusion 

that the superior resu lts  (with respect to récuraient ulceration), 

compared with those which a re  recorded afte r TV+P, may be 

related  to the operative procedure itse lf. C learly, the 

suggestion tiial a  w ell-perform ed HS¥ provides better protection 

against recu rren t duodenal ulceration tton  a w ell-perform ed 

Li ancal vagotomy with a drainage procedure rem ains to ba 

proved. If proof Is forthcoming, the superiority  of H8¥ over 

TV^-P will, we sr^gest, ba due in part to px^eservation of an 

inhibitory influence on gastric  acid output. The prelim inary and 

somewhat inconclusive studies which a re  reported here suggest 

that the nerves of L atarjet exert such an inhibitory influence.



Five groups oi subjects were studied

normal students, patients with duodenal ulcer before operation

(DU), and patients who were in good health, more than one

year after truncal vagotomy and pyloroplasty (TYAP), selective

vagotomy a. d pyloroplasty (SY-hP) or BS¥. Each subject

underwent two peutagastrin tests on separate days. In one

test, insuiin was given intravenously two hours bofox^e the

pentagaatrin, to stimulate the vagus nerves. The two tests

were performed in random order „ lii each of the three

groups of vagotomiseci patients, the acid response to msulin

was found to be positive by Hollander's c rite ria  in approximately

65 per cent of the patients, despite the fact that in each

patient the uijuiin test ha . been negative in the early post-

operative period. The groups of patienta after TYfP and

nS¥ were well-matched for age, sex, weight, and acid

output in x'espouse to insuiin and pontagastrln. Patients after
had

SY-î’P had higher acid outputs thaii/patlents after TYYl? or H8Y.

The assumption was made that the acid response to 

the penta,pastrin test la reproducible in vagotomiaed subjects.



The preceding injection of insulm produced a significant 

increase (o^O.OOId in the so-called ''maximal" rosponso to 

pentago.strm in subjects with intaxt vagi, a significant 

decrease (p ^0 .02) in the response to [xentagastriii in patients 

after ESV, and had no significant effect on the response to 

pentagaetri in patients after TV iP or 8V4-P.

The interpretation of these resu lts  is to some extent 

speculative, for reasons which are  dlscussecL However, in our 

opinion, the significant decrease In acid oi..;pi!t which was 

observed in patients after E8V was probably specific - otherwise 

it would have been found also in patients after TY-i’P, whose 

acid responses to msulin. were ' omparable to those of tiB 

patients after E8V. These resu lts suggest that the vagal fibres 

which are  voxmved in E8V, the nerves of L atarjet in 

particular, inhibit gastric secretion in man.
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OH- t

CHAPTER 9

VARIATIONS ON THE THEME OF ANTRECTOMY

MUCOSAL ANTRECTOMY

SUPRA-PYLORIC MUCOSAL ANTRECTOMY

ANTRONEUROLYSIS



MUCOSAL AMTEECTOMY AND ANTEONEÜEOLYSIS

It quickly became clear timt there was no clinical problem

with gastric  emptying after MSY in man. If the operation was to fall,

it would do 80 because of recu rren t ulceration, caused by excessive

release of gastrin  from the innervated antrum . Bo im pressed was

C. A, Griffith by the potenttel danger of the innervated antrum in

this respect, timt, in spite of his in terest in "partial gastric  vagotomy"
1(HSV) since 1957 , and hie generally favourable findings with respect

1 2to gastric  emptying and secretion in dogs subjected to tMs operation  ̂ , 

he hesitated to apply HB¥ clinically, and instead sought to find an

additional procedure, such as supra-pyloric mucosal antrectomy or
3supra-pyloric an tra l resec Won , that would alimhmte the threat posed 

by the intact, innervated antrum .

We also  thought it  prudent to hisure against the possible 

failure of HSV alone, by experimenting with mucosal antrectomy and 

antroneurolysis in dogs. Both these procedures were designed to 

reduce or eliminate ^ s t r i n  re lease , wMle preserving intact a il of 

the innervated an tra l m uscle, and the pylorus.

MUCCBAL ANTRECTOMY

This operation had been used by Srk"^ in the treatm ent of



duodenal u lcer, hi combination with vagotomy. Kirk resected a ll

the antral mucosa, sutured fundic mucosa to duodenal mucosa, and

closed the gaatro-cluodeiial incision transversely  as a  wide pyloroplasty.
3In order to keep the pylorus intact, Amdrup and Griffith employed

Bupra-pyloric mucosal antrectomy in combination with HS¥. 1, 2 or

3em. respectively of distal an tral mucosa were left intact in the

three dogs which underwent tliia procedure. Fundic mucosa was

sutured to the pre-pyloric cuff of an tral mucosa. In theory, tliis

seemed an attractive operation to combine with HSV, because it

appeared to offer the possibility of ablating all of tlie vagal, and most

of the gUBtrin-induced, drive on the parietal cells , while retaining a

propulsive antrum and an intact pylorus. Thus, recu rren t ulceration

might be as ra re  as after conventional vagotomy with antrectomy

(less than one per cent"^), but side-effects would be m M m ised. Amdrup 
3and Griffith found tliat gastric emptying of barium was not delayed 

after selective vagotomycf the parietal cell m ass (HSV) plus supra- 

pyloric mucosal antrectomy. Acid outputs from the "indicator" 

lieidenhain pouch over a  24-hour period decreased significantly in the 

doga in which 1, o r 2cm ., of antral mucosa rem ained, but increased 

significantly in the dog in which a  3cm. cuff of an tral mucosa had bean 

left.



SUPRA-PYLORIC MUCOSAL ANTRECTOMY IN TWO DOGS

M view of the remarlsable capacity of gastric  mucosa to
6regenerate rapidly , we decided to modify the technique which had

3been used by Amdrup and Griffith , by simply performing supra- 

pyloric mucosal antrectomy, without suturing fundic mucosa to the 

sm all cuff of an tral mucosa. We wished to avoid the distorsion of 

the an tra l musculature which is produced by sutiiB of the mucosal 

defect, and hoped that the mucosal defect would be rapidly covered 

by undifferentiated epithelium which would not secrete  gastrin*

METHOD Each dog was anaeethetiised by an endotracheal tecimique.
7

The tectoiqiie of an tra l mapping is described in the section on 

antroneurolysis. The mucosa of most of the antrum was excised, the 

distal 1 cm . of an tra l mucosa being left intact in one dog, and 2 cm . 

in the other. The gastrotomy was closed without any attempt being 

made to approximate the cut edges of mucosa. 20g of mucosa were 

excised in one dog and 28g in the other. Histological sections 

confirmed timt a  1 cm . cuff of fundic mucosa was present a t the proximal 

margin of the specimen. Blocks taken m ore distaily revealed the 

presence of pyloric glands only. Muscular is mucosae and submucosa 

were present in each block.



SUBSEQUENT PROGRESS Both dogs fared badly. They ate 

little, vomited, lost weight steadily, and eventually had to be 

sacrificed, approximately three weeks after operation. At 

autopsy, the antral region in each dog was greatly thickened by 

oedema and fibrosis, and examination of the mucosal aspect 

revealed the presence of a large gastric ulcer. The pyloric canal 

was narrowed the gross antral thickening. (Fig.)

COMMENT Oar hopes that the gap in the gastidc mucosa after 

supra-pyloric mucosal antrectomy would be rapidly covered by 

regenerating epithelium were not fulfilled. There is no place for 

resection of an tra l mucosa, without suture of the mucosal defect, 

in surgery for duodenal u lcer in man.

(For REFERENCES, see end of next section)



Legend to Figure Photograph at autopsy of pyloro-duodenal region 
in a dog after mucosal antrectomy, without suture 
of the mucosal defect. Duodenal mucosa is at the 
bottom and gastric fundic mucosa at the top. A 
large gastric ulcer is present. The wliite area 
in the centre is the small cuff of antral mucous 
membrane will oh was left intact. Note thê , ■p ro x im o  Ioedematous thickening of the gastric wall^to 
the pylorus.



HIGHLY 8ELECTIVB VAGOTOMY WITH SÜPRA-PYLORIC MUCœAL 

AMTRECTOMT TO MAM : A CASE REPORT

Gastric emptying of barium was found not to be delayed in
3three doge which imderweat HS¥ with sitpra-pyloric mticoBal antrectomy 

It was itnclianged In the two dogs with 1cm. and 3cm. respectively of 

residual antral mucosa^ and was faster than it Imd k^en pre-operatively 

in the clog with 3cm ., of residual antral mucosa. We decided to use 

this operation in a  man with very high acid secretion, after acquiring 

familiarity with the technique in dogs.

Case report M r. O. H ., a 30 year old driller, imd suffered

from intermittent epigastric pain for 13 y ears . For one year the pain 

had been much w orse, radiating into the back, and was poorly relieved 

by antacid medicines. He was losing time from work. He vomited food 

a t times during essacerbationa of pain. His appetite was good and Ms 

weight increasing. He wae five feet eight inches tall and weighed 

78 kg. He Buffered from flatulence, with belching of wind, and 

experienced heartburn on occasions. His bowels acted regulmrly, once 

per day, without episc^es of diarrhoea. There was no history of 

Iiaemorrhage or of perforation.

On esm^mination, he was a pleasant, stoical, healthy-looking



man, stocky m build, mot anaemic, and he was very tender in the 

epigastrium .

Barium meal emmlnation showed that the stomach contained 

an increased amount of resting  fluid. The duodenal cap was deformed 

and contained an u lcer crater.

Hie BAO was 4.8 mEq per hour, peak acid response to 

pentagEBtrin (PAO ) QB.O mBq per hour and total-hour response

53.6 mBq per hour. PAO ' was 22*8 mEq per hour, 33*5 per cent 

of PA O ^^.

At operation, on 6.10.70, the f irs t part of the duodenum was 

found to foa scarred  by chronic ulceration, but the pylorus and proximal 

duodenum did not seem to be narrowed. Both the an terior and the 

posterior nerves of Latarjet could be seen clearly , despite the patient's 

obesity. Pentagastrin was infused intravenously in a dose of 6 ug per kg 

par hour (atropine was omitted from the premedication), and Congo Bed 

dye sprayed onto the gastric mucosa after the stomach had been opened 

by a gastrotomy incision near the g reater curvature. The antrum - 

corpus boundary was defined, about 7cm. proximal to the pylorus, just 

proximal to where the nerves of Latarjet crossed onto tlie stomach. 

Mucosal antrectomy was performed as descriW d by ICirk^, the dlssectioi 

being facilitated by infiltration of 1 : 250,000 adrenaline -in-saline



solution Into the submucosal layer. About 1cm. of parietal cell 

mucosa was resected , with most of the an tra l mucosa, but 2.5cm . 

of antral mucosa were left intact proximal to the pylorus, because 

it was feared that a  more distal dissection might produce scarring, 

pyloric stenosis and gastric s ta s ia . The mucosal antrectomy proved 

tedious, particularly on the le sse r curve aspect where the entry of 

numerous small arteries posed a problem with IiaemostaBia. The 

edge of the mucosa of the parietal ceil m ass was sutured to the distal 

cuff of an tra l mucosa with continuous catgut. This produced distorsion 

of the sero^m ueeular layer of the antrum . The gastrotomy incision 

was closed as it had foaen made, longclitudinally, and the operation was 

completed by performance of HS¥ in the usual way. Total operating 

time was ttoee and a half hours.

The pathological report was that the specimen weighed 

14 grams and consisted principally of Inflamed mucosa from the pyloric** 

gland area. Mucosa of the body of the stomach was also  present a t the 

proximal m argin.

Post-operative progress O. H. made an uneventful recovery.

Five days after operation, PAO ' ' was 14.9 niEq per hour. The 

insulin test a t seven days was negative by all c r ite r ia . No acid was 

secreted  throughout the test.



At follow-up, six  and nine months la te r, he was fairly 

well, at work, without u lcer pain; but he complained of foul 

flatulence, epigastric fullness after m eals, and of occasional episodes 

of diarrhoea which lasted for one or two days. He had a good appetite 

and could eat quite large m eals. At nine months, Mb weight was 

s till 10 kg. less tîmn It had been before operation* TM rteen montiis 

after operation, he was assessed 'Mindly'* by the panel of doctors 

a t the G astric Follow-Up Clinic. He was graded Yislck a "fair" 

resu lt only, on account of symptoms which he could not control with 

care; namely, occasional nausea, epigastric fullness after m eals, 

flatulence and occasional vomiting of food. He restric ted  the else of 

hia m eals to two-tMrde of what he ate form erly . His bowels acted 

regularly , once per clay, and the episodes of diarrhoea had ceased.

His weight was 72kg., compared with 78kg. before operation. 

Follow-up secretory  test: 14 months after operation, the resting

Juice aspirated from the stomach in 15 minutes measured 110m l., 

with a  pH of 2 .6 . BAO was 1.1 mEq per hour (77 par cent reduction),

although free acid was present in only the f irs t  of the four specim ens.
02COAn 0X 0 te s t was performed as described previously; PAO  ̂ was

2.6 mEq per hour (88 per cent reduction). At the end of the 0X 0 test, 

pentagastrin was injected intram uscularly in a  dose of 10 ug par kg,



Pf*
and elicited a PAO of 27.7 mEq per hour (59 per cent reduction) 

and a  total-hour output of 19.1 mEq per hour (64 per cent reduction). 

Comment This is  the only case in which we have combined supra- 

pyloric mucosal antrectomy with HB¥. The main reason is that 

patients a re  doing well after liSV alone, hi addition our experience 

with M r. O. E . was not such as to encourage us to make more 

extensive use of mucosal antrectomy* The operation was tedious 

technically, taking three and a  half hours to complete* Closure of 

the gap in the mucosa produced distorsion of the an tra l musculature 

and it did not seem  likely that an tra l motor activity would prove to be 

norm al. The weight loss, post-cibal fullness, foul flatulence and 

episodic diarrhoea which O.H* experienced in the f ir s t  year after 

operation were probably attributable in part to some degree of gastric 

stasis, and the overall clinical resu lt leaves much to be desired. 

Admittedly, a few patents do experience s im ilar symptoms afte r HBV 

alone, but in general the resu lt which they achieve is better than that 

of O.H. The large reduction In antral re lease  of gastrin , as  shown 

by the sm all response to the 0X0 te s t m eal, appears to have been 

bought at a heavy price. We could perhaps be critic ised  for choosing 

tills particular patient for mucosal antrectomy, because the p re - 

operative history of food vomiting and fkitulenee, in conjunction with



the barium meal report of an excessive volume of resting juice, 

might have suggested that gastric emptying was impaired before 

operation. On the other hand, the patient had been eating well, 

was actually gaining weight on Ms "ulcer" diet, and the volumes 

of resting juice (06mL and 80ml.) in the two pre-operative tests 

of secretion were not excessive *

SUMMARY

A patient with chronic duodenal ulceration and high acid 

secretion was treated by H8¥ combined with supra-pyloric mucosal 

antrectomy. The operation was difficult, slow, and bloody. Acid 

secretion in response to meat extract wae reduced from 22.8 to 

2.0 mEq per hour (an 88 per cent reduction). The peak response to 

pentagastrin was reduced from 68 to 28 mEq per hour (69 per cent 

reduction). The patient has experienced complete relief from ulcer 

pain, but he has lost 6kg in we%ht, and was troubled by foul flatulence 

and episodic diarrhoea in the first year after operation. The overall 

clinical result is only moderate (Yisick grade HI). TMs single case 

may give a falsely bad impression of supra-pylorie mucosal antrectomy,, 

but it would be surprising if this procedure did not impair gastric 

motility and hence gastric emptying to some extent. Further use of



aupra-pyloric mucosal antrectomy in man is not recommended,

particularly since patients do well, in general, after EBV alone.
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EFFECT OF ANTROmUBOLYSB ON GASTRIC SECRETION

IN DOGS WITH TOTAL GASTRIC FISTULA

Mucosal antrectomy did not seem an attractive procedure 

to combine with H8V, wMle the use of antrectomy of the usual type 

would render the performance of H8¥ pointless. We decided to try 

a third method, by which gastrin release from the antrum might be 

reduced, yet without sacrifice of Ü10 pylorus or of the kneading and 

propulsive activity of the distal five to seven centimetres of the 

stomach. TMa was the operation of antroneurolysis, in which vagal 

denervation of the antrum is confined to the mucosal layer, the 

seromuscular layer being left innervated. Antroneurolysis toci

been shown previously to reduce acid output in response to food
1 2by about 50 per cent in dogs with Eeidenhain pouches  ̂ . Accordingly, 

we assessed this procedure in dogs, and measured secretion from 

the entire stomach ratSier than from a pouch, both because such a 

preparation was closer to the situation in patients, and because
3 4pouch secretion does not always mirror that of the main stomach ' .



MATERIAL AND METHOD

Five mongrel doga, weighing 14 to 18kg,, were equipped 

under general anaeatheeia with either a gastric cannula (S dogs) or 

a gastric fistula (2 dogs), the latter consisting of a short length of 

Jejunum connecting the skin with the body of üie stomach®. Gastric 

secretion was collected ty  opening the cannula or by passing a tube 

along the fistula and exerting continuoue suction on it. Three to 5 weeks 

were allowed to elapse after operation before testing began* Each test 

was preceded by a fast of at least 18 hours and no dog was tested more 

often than three times per week. The dogs remained in good health 

tteoughout the series of experiments. They were feained to stand 

calmly in a Pavlov frame in a quiet room.

Pentagastrin Tests Maximal acid output was stimulated by 

intramuacuMr injection of pentagastrin hi a dose of 10, 20, 30, or 

40 ug. per kg. The resulting secretion was collected into seven to 

nine batches, each batch representing a 10-minute collection period. 

Insulin Tests The vagal phase of gastric secretion was stimulated 

by intravenous injection of soluble insulin, in a dose of 0,25 unit per 

kg. body weight. Samples of venous blood were withdrawn 30 and 45 

minutes later for blood-glucose estimation on the Autoanalyser.



Gastric secretion was collected continuously for 2 hours after

insulin injection, in eight IB-minute hatches.

Antral stimulants Release of gastrin was stimulated by

instillation via the cannula or the fistula of either meat-extract
6  7solution (tliree cubes of 0X0 dissolved in water to 100ml. * ) or of 

acetylcholine chloride solution (100ml. of 0.5 per cent solution^).

The test meal was at room temperature. The pH of the 0X0 solution 

was adjusted to 7 with sodium bicarbonate. The acetylcholine was 

left at its natural pH of 6. Care was talcen to prevent the dog smelling 

the meat extract. The stimulant solution was left in the stomach for 

exactly 15 minutes. The gastric content recovered in the ensuing 

S minutes was discarded. Secretion was then collected continuously 

in 10-minute batches until the secretory response was waning; tiiat 

is, for between 40 and 120 minutes.

Recovery of Gastric Content In 25 tests the efficiency of recovery

of gastric content was estimated by instillation of 10ml. of 0.5 per cent

polyethylene glycol (PEG) solution (M.W., 4000) into the stomach

every 10 minutes throughout the test and measurement of the amount 
9recovered . The PEG was instilled slowly tiirough a second tube.

Acid was titrated to pH 7 with 0.1 N sodium hydroxide, by 

means of an autotitrator (Radiometer, Copenhagen). Peals acid output



m mKq per hour was calculated by multiplyii^' peak 20-minut@ output 

by 3, or in the case of the insulin tests, peak 30-mlnute output by 2.

The results reported are the results of the teclmically 

'best' tests. Despite all precautions, about two-tMrds of all tests 

performed were imperfect for some reason. In some, food residues 

contaminated the specimens; in others, the dog vomited or seemed 

unwell, or else the injection was thought not to have entirely reached 

its target because the dog jumped away as soon as it felt the prick of 

the needle. However, the most important cause of erro r was the 

inexplicable variation in some doge' responses to the same stimulus 

at different times. For example, four dogs Imd 8 teste each with the 

dose of 20 ug. per kg. of penta^strin and because of the variation 

that was found in the acid outputs, only the results of the two teats 

giving the Mghast outputs are quoted. The 10 and 20 ug. per kg. doses 

of pentagastrin elicited maximal levels of acid secretion. The results 

of tests in which iiigher dofias were used are not reported, since acid 

outputs were leas than maximal. If the results of ^  testa are 

considered, perfect or otherwise, the results and conclusions remain 

unaltered.

Antroneurolyeis wag performed under general anaesthesia
1in each dog by the method of Jones and others . The stomach was



opened by a longitudinal incision placed close to the greater

curvature to avoid damage to the vagal nerve-supply of the muscle

layers. The esctent of the pyloric gland area was defined by spraying
1 0  1 1Congo-red dye on to the gastric mucosa ’ while acid secretion 

was stimulated by intravenous infusion of histamine acid phosplmte 

(H .A .P,). 2 to 3 mg. of E.A.P* were administered intravenously 

in 200 - 300 ml. of 0.9 per cent saline solution over a 30-minute 

period. The red dye turns black when it comes in contact with acid- 

secreting mucosa. A sharp line of demarcation batv/een black 

parietal cell area and red "antrum" was seen in each dog* The mucosa

of the antrum was then dissected off the muscular layer of the gastric
12wall by a tecîmique similar to that used by Firk in the performance 

of mucosal antrectomy in man. Injection of a solution of adrenaline 

in saline (Ï In 200,000) into the Bubmucosa made the plane of dissection 

more obvious and greatly reduced haemorrliage. The dissection 

extended from 2cm. prosdmal to the corpus-antrum border to 1cm, 

proximal to the pylorus, but was not carried more dis tally lest pyloric 

obstruction should result. The mucosal flap was then reconstituted as 

a tube with a running suture of catgut, and the sero-muscular layer 

was closed separately.

Each dog made a satisfactory recovery from tids procedure



and was able to eat well v/lthout vomiting. At subsequent operation 

the antral region of the stomach appeared almost normal and 

peristalsis was seen to foe active. After an Interval of 3 - 5 weeks 

the secretory tests were repeated,

RESULTS

Antroneurolyeis did not produce a significant decrease in 

the outputs of acid in response to any of the secretory stimulants 

(Fig* 1, Tables I and H), Indeed, small increases were noted in the 

output of acid in response to pentagastrin, insulin, and acetylcholine

after antroneiirolysis. The acid response to meat extract decreased 

slightly*

Recovery of polyethylene glycol (PEG) averaged 89 per cent 

in 25 testa, ranging from 86 to 95 per cent in the 5 dogs. In 2 dogs 

withMaim-Bollman fistula, PEG recovery was 88 ±B.E. 2.5 per cent

in 11 taste, while in 14 tests on the 3 dogs with metal cannulae, 

recovery wae 90 ^2 , 5  per cent,

DBCU8SI0N

Antroneurolysis, which severs the vagal nerve supply to 

the antral mucosa, failed to reduce the secretion of acid from the 

innervated whole stomach in the dog. This was a little surprising.
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T a b le  I

Resu3.ts o f  p a ir e d  t e s t s  o f  a o id  s e o r e t io n  

b e fo re  and a f t e r  a n tr o n e u r o ly s is

TEST
NOa

STIMUnJS DOG BEFORE
ANTRONEUROLYSIS 

niEq/hr,

AFTER
ANTRONEUROLYSIS

m Eq/hr,

DIFFERENCE

1

2
:5

PENTAGASTRIN 
20 ug p e r  k g .

ĉ-

I

I
I

1 7 .6 4

1 7 .6 7
24 .00

10 .65

11 .22
22 .94

" 6 .9 9

“• 6* 44 
“ 1 .0 6

4
5
6

If I I
I I
I I

4 .4 9
2 .9 0
2 .7 2

6 .81
6 .2 0
4 .2 6

-f 2 .2 2
4- 2 * 4o 
4- 0 .5 4

7
8 ft

I I I
I I I

20 .54
29 .58

2 4 .7 7
21 .69

+ 4 .2 2  
“ 7 .89

9
10
11

ft
IV
IV
IV

18 .54
17 .55  
17 .10

2 0 .9 6  
28 .92  

■ 2 8 .5 6

4*1 2 .46  
4-11.27 
4-11.46

12
i;5
14
15

-X-
It V

V
V
V

17.72
17 .42
16 .80
12 .95  .

16*20
2 1 .1 8
2 1 .1 5
12*86

" 1 .5 2  
4 2 .7 5  
4- 4 ,2 5
» 0*09

1
2
5
4
5

INSULIN . 

0 ,2 ^  u p e r  k g .

I
I I
I I I
IV
V

8 .7 2
2 .5 0

11 .02
11 .12
12 .56

l 4 .66
4 .9 2

1 8 .8 8
1 2 .28

5 .9 4

4- 5 .9 4
4- 2 .4 2  
4- 7 .8 6
4- 1 .16
■" 6 ,6 2

1
2
9
4

ACETYLCHOLINE 
0*0 p e r  c e n t 

s o l a t i o n

I
I I
IV
V

6 .2 2
0 .2 0
2 .6 5

12.11

1 2 .0 9
1 .1 7
7 .5 9
5 .6 7

4- 5 .7 7
4- 0 .8 7
4 2 .9 4
“  0 a '1-4

1
2
5
4
5

1ÏEAT

0X0

EXTRACT

30LOTI0N

I
I
I I
I I
I I I

6 .5 4
5 .2 4
1 .2 5  
2 .8 4  
7 .5 2

9 .7 5
7 .7 7
0 .0 2
0 .0 6
2 .6 0

4 2 .2 1  
4- 2 .4 2  
-  1 .2 2  
-  2 .7 8  
“ 2 .9 2

d ose  o f  p e n ta g a s t r in  was 10 ug p e r  k g . i n  th e s e  two t e s t s .



Table I I

E f f e c t  o f  a n tr o n e u r o ly s is  on a c id  s e c r e t io n  from  th e  w hole stom ach

SO?B0LUS NO- OF 
PAIRED 

TESTS

HE3F0EE
AimiOMElIROLÏSIS

AETER
AiSKRONEUROLysiS t P

A oid o u tp u t (mSq p e r  h o u r)

P e n ta g a s t r in 13 16.71 + 2.08 18.69 + 2.49 1.21 0 . 2 < P < 0 . 5

I n s u l in 5 9 .18  ± 1 .78 11.54 + 2 .64 0.86 0 .4  <P < 0 .5

A c e ty lc h o lin e 4 5.85 + 2.72 6.65 + 2.63 0.59 0 .7 < P < 0 .B

Meat e x t r a c t 5 4,92 + 1.08 4.42 + 1 .98 0.45 0 .6  <P <0 .7

Mean o f  a l l  
t e s t s 29 11.88 + 1,51 15.24 + 1.79 1.40 0 . 1 < P ^ 0 . 2

F ig u re s  a re  means 1 s ta n d a rd  e r r o r  o f  th e  mean, 
S ig n if ic a n c e  o f  d i f f e r e n c e  i n  s e o r e t io n  a f t e r  

a n tr o n e u r o ly s is  was c a lc u la te d  u s in g  S tu d e n t* s  

t - t e s t  f o r  p a ir e d  d a ta -



in view of evidence tlmt the vagus nerves play an important part in
i3-l8the release of antral gastrin , tlmt antronenrolysie protects dogs

19against the development of experimental peptic nicer '  ̂ and that

antronenroiysie produces a significant decrease in acid output from
1 3  â ôHeldenhain pouches In dogs * ,

The slight increase in gastric acid output wMeh we found 

after antroneurolyeis is in agreement; however, with the results of 

those workers who need vagaily iimeiwated (Pavlov) pouches in dogs 

to monitor levels of circulating gastrin before and after vagal
'I 2

denervation of the antrum , Be Caatella and ïrvine* found no 

significant change in acid output in response to a meal from Pavlov 

pouches after vagal denervation of the situ®’ anti'um. Our experiments 

preparation, in which the body of the stomach retains its vagal innervatioi 

is more akin to a Pavlov than to a Eeidenhain pouch. Vagal release of 

gastrin was prolmbly minimal in our dogs, because the response 

counteracted the stimulus: that le, secretion of HCl from the osgntic

cells would quicldy produce an acid pH in the antrum, which in turn
21would lead to inMMüDuof gastrin release"" . Vagal release of gastrin 

is notoriously difficult to demonstrate when the antrum remains in
t Â  22 “-24continuity with the body of the stomach'" ' and can foe demonstrated 

convincingly only in animals with separated or excluded antral pouches,



sMeided from the inMMtory effect of h  Gastrin release

in response to mechanical (Imlloon distension) and chemical
20(alcohol) stimulation of the antrum was found by Nyhus and others to 

be undiminished after vagal denervation of the antrum, which is in
18keeping with our results. On the other Siand, Sugawara and others 

found that release of gastrin in response to Wlioon distensioncf the 

separated antrum in dogs decreased significantly ivhen the antrum 

was vagally denervated.

Why secretion tended actually to increase after antroneuroly 

sis is not clear. The increase was not statistically significant, but 

this may merely be due to the relatively small number of tests wlilch 

were performed* If the increase was a real one, one might postulate 

tlmt some inhibitory meclmnism had been disturbed. Certainly the

gastric antrum is the seat of powerful inhibitory as well as of
27 28stimulatory mechanisms  ̂ . The presence of pH-sensitive nerve-

endiï^a in tlxe antral mucosa, which m%ht be the source of inMbitory
2 9nervous reflexes, has been demonstrated bgr %go , while stimulation

of the vagal antral nerves (the nerves of la tarje t) in dc^s has been
30 31shown to lead to inhibition of gastric acid output *

In conclusion, this study, wMch was designed to evaluate 

the effect of antroneurolysis on secretion from the whole, innervated



stomach, has yielded no evidence to suggest that the procedure 

reduces gastric acid secretion. Although it is in the nature of a 

pilot study, further observations in the same animais v;ould have 

been unlil^ely to have altered the main conclusion. It is a pltj? that 

larger numbers of insulin tests were not performed, because the 

increase in acid output (Table I)(Fig. 1) might have been found to 

be statistically significant, which would have provided more evidence 

for an inMbitory role by the nerves of Latarjet. Further investigation 

to measure the effect of antroneurolysis on secretion from the vagally 

denervated parieMl ceil mass in the dog seems indicated, in view of 

the disparity between the results previously obtained in dogs with 

Pavlov pouches as compared with those obtained in dogs with 

Eeidenhain pouches.

8ÜMMAEY

The operation of antroneurolysis is performed by 

circumferential sharp dissection in the submucosal plane of the gastric 

antrum. Thus it severs the vagal nerve «supply to the antral mucosa.

It might be regarded as a conservative variant of antrectomy, and its 

purpose is to diminish gastsi’in release without disturbing antral peristal

sis or the mechanism of the pylorus. Its possible value as an adjunct



to highly selective vagotomy m man is evaluated in this study in 

the dog.

The antroneuroiyeed aniz*um was left in continuity with 

the remainder of the stomach, whose vagal nerve «supply remained 

intact. Gastric secretion was collected via a camiiiia or fistula, 

draining the whole stomach. Outputs of acid in response to insulin, 

pentagastrin, meat extract, and acetylcholine were found to be 

undiminished after antroneurolysis. It is concluded tiiat antroneurolysis 

has no place at present in clinical gastric surgery.
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CONCLUSION

îîi thig section, we have attempted to evaluate several 

methods by which the possible danger of recurrent ulceration, 

caused by the presence of the innervated antrum after H8V, might be 

averted.

ANTRECTOMY itself renders the performance of H8V

pointless. Supra-pyloric antrectomy, as described by Amdrup and
1Griffith , has the advantage that the pylorus is preserved, but since 

it involves transection of the nerves of Latarjet or of their terminal 

branches, it also is an inappropriate operation for use in combination 

with H8V. It might prove to be useful in combination with selective 

vagotomy. However, it involves an anastomosis very close to the 

pylorus, and might well foe followed pre-pyloric fibrosis, stenosis, 

and gastric stasis. This sequence of events in fact took place in one

of the two dogs in which Amdrup and Griffith performed supra-pyloric
1antrectomy* . Thus, it seems an unattractive procedure for use in man.

MUCOSAL ANTEECTOIViY For these reasons, we 

concentrated our effort towards reducing or eliminating the release 

of gastrin, without damaging the muscle layers of the antrum, or the 

pylorus. Gastrin is produced in the mucosal layer only of the antrum,



2

and Kirk liad shown previously that mucosal antrectomy was practicable

in man. Remembering Milton, Maxwell and FincMi ŝ demonstration 

tiiat the gastric cavity rapidly becomes re-epithelialised after most of 

the mucosal lining has been excised, we excised most of the antral 

mucosa in two dogs, in the hope that the raw surface would quickly 

be covered ky epithelium of a less specialised variety, which would 

produce less, or no gastrin. Unfortunately, the experiment failed, 

because the d(^s ate poorly, became thin and wealc, and at autopsy 

were shown to have unhealed ulceration of the gastric antrum, 

accompanied by gross thickening of the wall of the antrum. Clearly 

this procedure could not be used in man*

SUPHAFYIiQRlC MUCOSAL ANTRECTOMY Following
8the example of ICirk who performed complete mucosal antrectomy

1in man, sacrificing the pylorus; and of Amdrup and Griffith , who 

performed supra-pyloric mucosal antrectomy in the dog, preserving 

the pylorus, we performed HSV with supra-pyloric mucosal antrectomy 

in one patient who had a duodenal ulcer in association with a very h%h 

maidmal acid output. The pylorus was left intact. However, the 

operation was time -consuming and teelinically difficult, and apposition 

of the cut edges of gastric mucosa produced distortion of the antral 

musculature. Post-operatively, the patient experienced symptôme



suggestive of gastric stasis, and has achieved only a ^ïair’%

Visick“grade-ïîl, result. Since the evidence from work in dogs

suggests that even when the antrum is left in continuity with the

acid stream, most of the antral mucosa has to be excised before
1Heidenhain-pouch acid output will diminish significantly ; and 

since it would appear tlmt the defect in the mucosa must be closed 

by direct suture, it follows tliat distortion of the antrum is almost 

certain to be produced by supra-pyloric mucosal antrectomy. Such 

distortion may well lead to impaired gastric emptying. Thus, 

supra-pyloric mucosal anti'ectomy, without pyloroplasty, cannot, 

in our opinion, foe recommended for use in man.

AMTEQHEUBQLYSI8 seemed to he the most promising 

procedure for use in combination with HS¥, because in the dog it 

liad been found not to lead to gastric stasis, yet produce a significant 

decrease in acid output from Heidenhain pouches^ After anti'o- 

neiirolysia of the *Tn situ’̂ antrum in the dog, we were able to confirm 

that gastric emptying was satisfactory, because the dogs ate heartily 

without vomiting, and maintained their weight. In addition, at laparotomy 

the antroneurolysed antra looked little different from normal, were not 

obviously thickened, and could he seen to contract vigorously. 

Unfortunately, we were unable to demonstrate that antroneurolysis



produced significant inhibition of gastric acid output. The remainder

of the stomach remained vagally-innervated in these dogs, and it is

conceivable tlmt had the body of the stomach been vagally denervated,

a different result might liave been obtained after antroneurolysis.

Finally, it should be noted tlmt ail the experiments which

are reported in this section were in the nature of pilot studies. We

would regard the two experiments in dogs with mucosal antrectomy

without suture as *’crueiar% and feel justified in concluding that use

of such a procedure would be quite unjustifiable in man. On the other

hand, the impaired gastric emptying, which we suggest - but did not
mucosal

prove “ took place after HB¥ plus supra-pyloric/antrectomy in one
1

patient, was not seen in Amdrup and Griffith’s ttoee dogs which were 

subjected to the same procedure. Thus the possibility of future use 

of supra-pyloric mucosal antrectomy in man cannot be entirely 

dismissed. The experiments with antroneurolysis were few, but 

yielded no evidence of a decrease in acid output. Indeed, the increase 

in insulin-stimulated acid output after antroneurolysis in four out of 

five ûogs suggested that an inhibitory influence had been removed.

The work should be repeated in dogs with a vagally-denervated body 

of stomach.

None of the procedures tested - mucosal antrectomy,



supra-pyloric mucosal antrectomy, or antroneurolysis - seems 

M the least promising as a possible adjunct to Mghly selective 

vagotomy in man. The need for any such complementary operation 

is in any case not established, because there is no evidence tlmt

gastrin release is excessive after HSV, and to date recurrent
y

ulceration 1ms not been a problem in our patients. Others liave 

reported recurrent ulceration after HSV, but the incidence of 

incomplete vagotomy on insulin-testing soon after operation 

in their patients was 28 per cent, compared with 3 per cent in 

our first 100 patients. Thus, recurrent ulceration in their 

patients was probably due to inadequate vagotomy of the parietal 

cell mass at the time of operation.
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CHAPTER 10

EFFECT OF THE THREE VAGOTOMIES ON GASTRIC EMPTYING
,'" a '-v-ja.' ' i , r , "i  . ikjj: j,i,;:vercma;B.. Mii',„ ..rrgsaweataaiwMiiaaMat

AND INTESTINAL TRANSIT OF A FOOD-BARIÜM MEAL



GASTRIC EMPTYING OF A FOCB-BAEICJM MEAL

A radlolc^ical methW such as this is a relatively 

crude way of invest%ating gastric emptying* It is capable 

only of demonstrating the existence of large differences between 

groups of subjects* One cannot, for example, state tliat the 

stomach is 8S per cent empty or 80 per cent empty. However, 

certain definite statements can be made. One can say that 

gastric emptying has started or that it Ime not, tlmt the stomach 

is completely empty or tliat It is not, and that the head of the meal 

Ims reached the colon or that it lias not.

METHOD

Patients 13 patients with duodenal ulceration, without clinical

or radiological Bigm of pyloric stenosis, were studied before

operation. Patients who were studied after vagotomy were in

good health (nearly all in Yisick grades I and H), one to tiiree

years ^ter operation, and in each of them the vagotomy had been
1shown to be complete on insulin testing in the early post

operative period* All the patients were men, with the exception 

of two women after selective vagotomy and one woman in the



H8Y group* Twelve patients had undergone truncal (T)

10, bilateral selective (B) VfP, and 14, highly selective 

vagotomy (HBV). The pyloroplasty was of the Heinacke-Miculic^ 

type in each case. The mean 1 SE) ages of the patiente v/ere 

45.1 (DÜ), 40 .8+3 .5  (TV+P), 44.8 +2.4 (S¥+P), and

44.5 +2,5 years (HBV). Mean weights were, respectively,

67.3 +2.3 kg* (DU), 68.2 +1.8 (TV+P), 62.9 +2.7  (SY+P) 

and 68.3 +1-^ kg. (HBV).

Meal This consisted of two slices of toast, one ounce (20g.) of 

butter, two scrambled eggs, 170 ml. of tea with miH?: and one 

teaspoonful of sugar, 30 ml. of ’Baybar’ and 30 ml. of v/ater. 

These ingredients were homogenized in a blender for 10 mteutes. 

The resulting meal was semi-fluid in consistency and tasted 

surprisingly pleasant, like a rather challgr cake-mix. It was 

served warm, and eaten with a spoon because it was too thick 

to dr inis*

Procedure The test began at 6 p.m., the patient having fasted 

from lunchtime, about 1 p.m. First of all a plain x-ray film 

of the abdomen was talien. Then the patient sat upright in a chair, 

and ate the meal in the course of five to ten minutes. Further 

abdominal radiograplis were talien, 15, 30, 45, 60, 90, 120 and



150 minutes from the start of the meal, with the patient lying 

prone on the x-ray table. In the intervale between exposures, 

he sat in a chair, or strolled about the x-ray Department. 

Assessment The films were assessed an experienced 

radiologist, who was unaware of the group to which the patient 

belonged. He was asked to answer tliree questions

(1) WMch was the first film which showed tîiat gastric

emptying liad Wgun? (ie the presence of barium in 

the duodenum or beyond).

(2) When was the stomach completely empty ? (apart perliape

from the merest traces of barium clinging to the 

gastric mucosa).

(3) When did the head of the meal reach the colon?

Statistics Differences between groups were analysed by means

of simple probability theory (see Appendix). Numbers were too
2small for application of the )( test.

EESULTg

Time taken for gastric emptying to start Gastric emptying 

had begun by the time the 15-minute film was exposed in all 

the patients who had undergone TV+P or SV+P, but in only 10 of



the 13 pre-ope?:ative DU patients and 12 of the 14 patients 

after HBY (Fig. 1). These differences a re  not statistically  

significant. 30 minutes, gastric  emptying M û begun in all 

patients.

Time taken for stomach to empty completely G astric emptying 

was significantly faste r in patients who had undergone TV+P or 

8V+P than in pre-operative DU patiente or in patiente after HBV 

(Fig. 2). There was no significant difference between DU patients 

and patients after HSV. For emxnple sixty minutes after the 

meal, there was evidence of significantly fas te r gastric  emptying 

in the TV+P group (DU of TV+P, p 0.03; EBV cf TV+P, 

p ^ 0 .0 1 ) . Ninety minutes after the m eal, the stomach was 

completely empty in none of the 13 DU patients, 9 of 12 patients 

after TV+P, 5 of 10 patients after 8V+P, and 2 of 14 patients after 

HSV. The differencesbatween the DU group and the TV+P group, 

and between the DU group and the SV+P group, were both 

etatietically significant. A t 120 minutes, the stomach was 

completely empty in significantly more of the (TV+P, 8V+P) 

groups combined tlian in the DU group (p^  0.01) or the H8V 

group (p ^0 .01 ).



PERCENTAGE OF MVTIENTS IN WHOM 
GASTRIC EMPTYING HAD BEGUN WITHIN 15 MINUTES.

10Q

I 60

20

DU TV+P SV+P HSV

n =  13 12 10 14

Fig. 1 In most patients, barium was visible in the
duodenum or beyond at 15 minutes. The start of 
gastric emptying is slightly faster in patients after 
TV+P and SV+P than in pre-operative DU patients 
or patients after HSV. By 30 minutes, gastric 
emptying had begun in all patients.



PERCENT OF PATIENTS WITH AN EMPTY STOMACH AT VARYING INTERVALS AFTER THE MEAL.

IOC

20
TVI

15 30 46 60 90

Minutes A fter Start of Meal.

HSV

120 150

Fig. 2 Asterisks indicate significant difference from DU 
patients. *, p^O.05; p <0.02; ***, p < 0 .01 . 
Note that at 120 minutes, patients after (TV+P + 
SV+P) have been considered together. At 60, 90 and 
120 minutes, there were significantly more patients 
in the TV+P group tlian in the DU group who had a 
completely empty stomach. The HSV group of 
patients differed little from the pre-operative-DU
group of patients.



PERCENT OF PATIENTS IN W HOM  HEAD OF MEAL HAD REACHED THE COLON

10Q

% 6Q

20

15

***
***

N S

120 150

MINUTES AFTER START OF MEAL.

Fig. 3 Asterisks indicate significant difference from the 
group of pre-operative DU patients. p <0.05;
** , p<0.02; p <0 .01 . At the 120-minute
time interval, patients after (TV+P + SV+P) were 
considered together. The head of the meal reached 
the caecum significantly faster in patients after TV+P 
and SV+P than in pre-operative DU patients.
Intestinal transit in the HSV patients was faster than in 
DU patients (significantly so at 00 minutes), but much 
slower tlian in patients after TV+P or SV+P.



Time taken for the imad of the meal to reach the caecum 

Bmall-bowel transit, as judged by the time taken for the head 

of the meal to reach the colon, was s%nificantly faster in 

patients after TV+P and 8V+P than in pre-operative DU patients 

(Fig. 3). Small-bowel transit was also  faste r in HBV patients 

tîmn in pre-operative DU patients, but the dlEerence was much 

less marked timn in patients after TV+P or SV+P. For em m ple, 

45 minutes after the meal, the head of the m eal had reached the 

colon in none of the pre-operative DU patients, 6 of 12 TV+P 

patients (p <0.02), 3 of 10 SV+P patients (N .S.) and 1 of 14 HBV 

patients (M .S.). Ninety minutes after the m eal, barium îmd 

reached the colon in none of the DU patients, 10 of 12 TV+P 

patients (p <0.001), 8 of 10 SV+P patients (p <0.01) and 5 of 14 

HSV patients (p -  0.03). At 120 minutes, the difference between 

the DU patients and the (TV+P and SV+P) groups combined was 

statistically  significant (p <0.01). At ISO minutes, differences 

between groups were not statistically  significant (Fig. 3).

It is assum ed, on the Imsis of previous work by others , 

that gastric  emptying is norm al, or a t least not slower timn normal



in patiente with duodenal ulcer who do not iiave clinically - 

maniieet pyloric stenoeiB.

The résulté which we have obtained w e  in accord 

with those of previous workers who found that gastric  

emptjring of fluids to s  significantly faster after truncal or 

selective vagotomy with a  drainage procedure tiian in patients 

with duodenal u lcer before operation. They a re  not in agreem ent 

with the report by Buckler^ that gastric  emptying is delayed afte r

truncal vagotomy and pyloroplasty, nor with tliat of Cowley et a l .

who found that gastric  emptying was within norm al lim its after
6truncal vagotomy and pyloroplasty. Buckler and Cowley et a l .

used a test m eal of solid food, which may explain why gastric

emptying in their patients was slower than in our patients after

TV+P or 8V+P, whose te s t m eal was sem i-fluid. The postui*e

adopted by the patiente during the te st may also  provide an
»

explanation for the differing resu lts , because Cowley et al s . 

patients were kept in a recumbent position throughout the test, 

whereas our patients sa t in a ciiair or m ik ed  about except when 

radiographs were being taken. According to the work of 

McICelvey et posture eloes not exert an important

influence on gastric  emptying in the Intact individual, but after



vagotomy with a drainage procedure it assum es great

importance, gastric  emptying being slow U tlie patient lies

supine and rotated towards the left, whereas emptying is

precipitate if the patient assum es the upright posture. These

findings of M.cEelvey et a l . apply only to fluids, Wt they are

probably relevant to the emptying of norm al m eals. For

example, dinner consists of fluids (aperitif, soup) followed

by solids and sem i-solids (meat^gravy and potatoes),

followed by solids with hypertonic liquid (fruit salad with

syrup and ice-cream ), followed by m ore fluids (coffee).
1The conclusions of Cowley et a l* that gastric  emptying is 

witMn the normal range after TV+P are  also difficult to 

accept because it is Icnown that 10 to 30 per cent of patients 

experience early dumping In the f irs t year after TV+P or 

BV+P (see later chapters), which suggests strongly that their

gastric  emptying is abnormally rapic'. Finally, after the
' 8 
demonstration by Code and his coBeagues that the pylorus and

term inal antrum cliBcriminate batv/een solids and liquids,

holding back solids and retropelliiig them into the body of

the stomach while liquids are  allowed to pass, it seem s



inconceivable that gastric emptying of solids should be normal 

when the pylorus has been destroyed by pyloroplasty or 

bypassed by gastrojejunostomy. Indeed, it was subsequently 

shown by Bozois, Kelly and Code^ tlmt when the term inal 

antrum  is excised, solid spheres empty more rapidly from 

the stomach of dogs.

SUMMARY

Gastric emptying of a  food-barium meal was 

m easured radiographleally in patiente with duodenal ulcer 

without pyloric stenosis befm?e operation, and in well-matched 

groups of patients who ware in good health more than one year 

after HSV, truncal V+P and selective V+P. In each patient, 

the vagotomy was complete on insulin testing in the early post

operative period. The meal was palatable, and sem i-solid in 

eonaistency. The patients were allowed to s it in a  chair or to 

walk about when they were not being x-rayed .

The meal began to leave the stomach slightly, but 

not significantly, earlier in patients afte r TV+P and SV+P than 

in DU or H8V patiente.



Tlia stomach was completely empty significantly 

sooner in patients who had undergone TV+P and SV+P tiian in DU 

or HBV patients.

The head of the meal reached the colon significantly 

soonez’ in patients after TV+P and SV+P than in pre-operative 

DU patients. In other words, gastz’o-intestinal tran sit was 

significantly faster in patients who had undergone TV+P or 

SV+P than in patients with DU before operation* In patients 

after HSV, small-bowel transit was slightly faster than in 

DU patients, but was much less rapid than in patients after 

TV+P or BV+P*

These lindinga indicate tlmt gastric  emptying and 

sm all bowel tran sit tim es a re  closer to norm al in patients 

who have undergone HBV than in patients who have undergone 

TV+P or BV+P. On the otner hand, there was no evidence 

of delayed gastric  emptying after I-IBV*
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APPENDDl'

(Probability theory)

Statistics

S a m p le

Suppose we compare two g r o u p s , a n d  "TY+P**, 

each containing 10 patients. M the DU group, suppose the 

stomach is empty in none by 90 minutes, whereas in the 

TV+P group, the stomach is empty in 6 patients.

DU TV+PThus, we have
0

cf
10 10 

The chances that the stomacln will by chance be 

completely empty in one patient in the TV+P group, but in none 

of the DU group, are  10 or 1 ^ ^— "■ U.D *

20 2

that it will be empty in 2 of the TV+P group, but in none ox the

DU group, are 10 10 aX U. at),
20 20

and that the distribution should bv chance be 0 versus 6 are
ÏÔ nr

6
( —  ) = ------ ------- - = P  i .e .  p < 0 .02 .
' 20 ' 2x2x2x2x2s2 64
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CHAPTER 11

GASTRIC EM PTY IN G  O F  A H Y PERTO N IC FLU ID  M EA L

A F T E R  HIGHLY S E L E C T IV E , S E L E C T IV E

AND TRUNCAL VAGOTOMY



GASTBîC EMPTYING OF A HYPERTONIC FLUID MSAL AFTER 
HIGHLY SELECTIVE. SELECTIVE AND TRUNCAL VAGOTOMY

Truncal or selective vagotomy with a draiimge procedure 

has been found to produce "incontinent" emptying of a hypertonic

fluid meal from the stomach ** • We have compared gastric 

emptying of a fluid te s t meal of hypertonic glucose in patients with 

duodenal u lcer before operation and in patients m ore timn one year 

after truncal vagotomy and Heinecke-MicuUcz pyloroplasty (TV+P), 

b ilateral selective vagotomy and Eeineclm -Miculiez pyloroplasty 

(B¥+P), and highly selective vagotomy without a drainage procedure 

(HSV).

METHOD

There were tea patients in eadi group. All the patients 

were m ale. Patients after vagotomy were in good health (Vieick 

grades I, H or HI), clinical failures being excluded. The clinical 

statue of the HBV patients was slightly better than that of patients 

after TV+P or SV+P, in accordance with the overall clinical resu lts  

(see la ter elmpter). Thus, each of these sm all groups of ten patients 

was so chosen as to be typical of the larger groups of patients from 

which they were selected. The pre-operative patients were free



from symptoms oz" signs of pyloric stenosis. The four groups were 

well-matched for age (see Table) and fairly  well-matched for weight, 

with the exception of the HB¥ patients who were considerably heavier 

tlian patients in the other three groups.

TECHNIQUE OF TEST The patient fasted overnight before the 

te st, which began at 9 a .m . A nasogastric tuba was passed into the 

stomach, which was emptied by continuous suction for 15 minutes.

The patient then dranlc 100ml. of tap water rapidly, to wash out the 

stom ach. This fluid could usually he aspirated immediately.

When the stomach was completely empty, and the patient 

tod become accustomed to the presence of the tube, suction was 

discontinued, the tube spigotted, and the patient was asked to s it 

upright in a  c to ir . He then drank 350ml. of 25 per cent glucose 

solution, containing 250 parts per million of phenol red, in the course 

of one to two m inutes. He remained sitting upright in the chair for 

exactly 19 minutes from the time at wMch he began to d rito  the 

te st m eal. He then lay down flat on his back on a bed, and em ctly 

20 minutes from the s ta r t  of the m eal, suction was re-applied, and 

the gastric  contents aspirated In the course of 5 minutes. The 

stomach was then washed out with a further 100ml. of water which 

were drunk by the patient.



Calculations Tim weight of phenol red put M o the etornacln 

(WÎ) ia Imown, ami the weight recovered (W2) io meaourad. Hence,

the amount which ia lost through the pylorus io (W1 - W2). Phenol
4 5reû  feis te e a  shown not to bs aWorbod by the stomach' ’ ‘ . Tiiis 

valus (W1 - W2) givas the volume o£ the te st m eal leaving the 

stom ach. For example, if te if  the phenol red  placed in tho stomach 

Is recovered, to lf of the te st m eal is  assum ed to have left the 

stomach in 20 minutes. K only om  quarter of the phenol red is 

recovered, th ree-quarters of the tost meal is assumed to have 

left the stom ach,

Jstiamtion of phenol red  concentration Tho method used vmsŝm ##
(Ia môdiÜ€al:iüB of timi deaeriWil by George * 0 .Î  ibI. of gaatrie 

aspirate, which bad been ceatrifugod to remove mumUf vmb added 

to 5 mL of 0.029 M triaodlmB orthophoeptote buffer, whose pH v/as

11.8, and tho pxirpte colour which developed wao measured ou aa 

SP 600 apectropliotomefer at 660 mu. A lluear relatlouahlp was 

shown in om? laboratory to esdet between the coneeiitratiou of 

phenol red and the optical density (O.D.) between 35 and 250 ppm* 

The caafficieiit of variation in 20 duplicate tests wae 2,1 per cent.



The e a e t  method was as follows:

(1)
STANDARD

(2)
STANDARD

BLANÏC

(3)
TEST

(4)
TEST
BLANli

distilled water - 5 .0  m i. 5.0 ml.
gastric  juice « 0.1 ml. 0.1 ml.
standard phenol red 
solution, 250 ppm 0.1 ml. 0.1 m l. ■n>

buffer 5 .0  ml. 5 .0  m l.

All tubes were read against a w ater blanlc in the 

spectrophotometer 8P 600 at 560 mu using 1 cm . cells .

Concenti'ation of phenol red in the gastric  juice 

O.D.(3) " O.D.(4)

O .D .m  ™ O.D.

X 250 ppm.

RESULTS

The mean volumes of the teat meal leaving the stomach in 

twenty minutes were 155 ^13  mi. (DU patients), 213 j - 24 m l.

(HSV patients), 278 ^19  m l. (TV-^P patients) and 259 m l.

(SV'kP patients) (see Table). Gastric emptying was significantly



TABLE

GROUP
OF

PATIENTS

TBE^OP<
DU

I I
HSV

I I I
TV*î*P

IV
SV+P

HÜMBER
I.N

mou?

10

10

10

10

AGE
(yr. )

48.80

4Tl8

49 • 4o 

2.98

49,40

4.42

49.50

1-89

miGET 
(kg. )

64.50
4-

205

75-90

3.96

67.80

2,44

64.70
+

1.05

VOLUME OE 
GLUCOSE MSAL 

LEAVING STOmCîI 
IN 20 MINUTES 

(ml. )

155 .45  + 1 2 .79

212.68 + 25,62

278.25 *H 18.90

259.52 4* 28.25

OOmARISON WHH GROUP I

DEGREES
OF

FTiEEDOM

18

18

18

2.15

• .58

5.92

P

<0.05

<0 .0 0 1

<0.01

G astric emptying was a lso  s ig n if ic a n t ly  fa s te r  a fte r  07V*i-P 
than a fte r  E3V (p < O.O5 ) ,  hut the d ifferen ce between the 
HSV and SVtP groups was not s t a t i s t i c a l ly  s ig n if ic a n t  (O*̂  ̂ ^ p ^  0 .1 )



faster in each of the three groups of vagotomfeed patients than in the 

group of patients before operation- The sm allest difference from 

the pre "Operative DU patients was found in patients after H8¥

(p 40 .05 ), and the g reatest difference in patients after TY-î-P 

(p wCOoOOl). G astric emptying was significantly faste?: after T¥-fP 

than after Ii8¥ (p ^0.05), but the difference between the E8V and 

S¥*fP groups m s  not statistically  significant.

DBCU88ION

t. «3These resu lts  confirm previous reports* tliat gastric  

emptying of fluids is significantly faster in patients after truncal or 

selective vagotomy with a drainage procedure than in patients with 

duodenal ulcer before operation. This provides an explanation for 

the symptoms of dumping which many of these patients experience.

în addition, the meal may pass with abnormal rapidity tlu’oiigh the
1 2sm all intestine and produce diarrhoea ' Presumably the ’̂braldng^’ 

mechanism wMeh is responsible for slowing the emptying of 

hyper tonJc fluids from the stomach is destroyed by both T¥-î*P and

4-P. The osm oreceptors in the duodenum are  probably denervated 

by the performance of truncal vagotomy, while after selective 

vagotomy they may ba able to send afferent im pulses, but the efferent



Bide of tiie reflex a rc , to the stomach, Is lost.

G astric emptying of fluid after HSY, far from being

delayed, was found to foe more rapid timn in pre-operative

patiente- Why this should be so is not entirely cleax% The

efferent side ox the reflex  arc , whose afferent impulses originate

from the duodenal osm oreceptors, is to a large extent Interrupted

by E8V. The intestine may s till foe able to inhibit axitral motility,

but may lose nmch of its ability to modify p ressure in the foody of

the stom ach. M oreover, as several w orkers have now shown,

vagotomy of the entire stomach leads to an increase in in tra-gas trie 
8-Î0pressure , and to impairm ent of the receptive x'eWzation which 

norxnally talces place in response to a distension stimulus*"

This abnormal increase hi in tra-gastric  p ressure a fte r, for example, 

the ingestion of a fluid meal, is likely to cause the fluid to leave the 

stomach m ore rapidly » Our findings provide an explanation for the 

sm all but definite incidence of mild early  dumping after H8'¥, and for 

the increased incidence of early dumping in HSV patients after the 

ingestion of hypertonic glucose, compared with the incidence in 

prs-operative patients (see la ter section on dumping). However, if 

gastric  emptying of fluids was abnormally ra,pid after HSV, it was a t



least found to be sigaificantly slower (p < 0.05) than in patients 

who had undergone truncal vagotomy and pyloroplasty. This 

may explain why the la tte r group of patients have a higher incidence 

both of dumping and of diarrhoea than do patients after H8¥ (see 

la ter section).
4,5The time-honoured ’ use of phenol red as a  dilution

indicator in the stomach was subjected to renewed scrutiny after

the report by Bloom and his colleagues of a 5 to 8 per cent loss

of phenol red  from Heidenîiain pouches in dogs. Subsequently,
16however, Clarke and Williams found that phenol red was a  more

satisfactory non-absorbable m arker in the stomach than v/as
17chromic chloride, and Ivey and Hchedl , who compared radioactive 

chromium, polyethylene glycol and phenol rad  as gastric  non- 

absorbable indicators in man, concluded tlmt there was minimal 

absorption from the stomach of a ll three indicators and that all 

three were equally valid.



SUMMARY

The proportion of a test meal of hypertonic glucose 

solution which tod left the stomach within twenty minutes was 

measured in patients with duodenal ulcer without pyloric stenosis, 

and in patients more tton one year after truncal vagotomy and

pyloroplasty^ selective vagotomy and pyloroplasty or highly 

selective vagotomy without a drainage procedure. There were 

ten patients in each group. G astric emptying was found to be 

significantly faste r in each of the groups of vagotoxni^sed patients 

than In patients before operation. Truncal vagotomy with 

pyloroplast^r produced the g reatest difference, and H8V the least.
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CHAPTER 12

VAGOTOMY WITHOUT BÎAERHOBA



VAGOTOMY WITHOUT DIARRHOSA

About 25 per cent of patients experience episodic diarrhoea
1 2after trxmcal vagotomy with a drainage procedure for duodenal ulcer ^

(Table I)$ The diarrhoea is usually quite mild in degree, but in 2 or 
it

3 per centyia so severe that in spite of relief from ulcer pain, the 

patient considers that the operation has been a failure. The cause 

of the diarrhoea is not known, and it can be very difficult to trea t.

The incidence of diarrhoea is significantly less after bilateral selective
3vagotomy , (Table I) in v/hieh the vagal nerve supply to the pancreas, 

biliary trac t and sm all intestine is preserved, but the incidence of 

around 12 per cent is appreciable and a few patients s till suffer 

severely. A different explanation for the diarrhoea is suggested by 

the finding that the stomach is incontinent of fluids after truncal or 

selective vagotomy with a drainage procedure . Rapid gastric 

em ptyh^ is followed by the swift passage of the liquid through the 

intestines, resulting in diarrhoea. Thus ’^post-vagotomy^* diarrhoea 

may be produced in some patients by vagal denervation of extragustric 

v iscera, while in others destruction or bypass of the pylorus in 

combination with gastric vagotomy may be the principal factor.



Table I

A comparison of the effects of truncal and selective vagotomy on 
the incidence of poet-vagotomy diarrhoea

Truncal vagotomy Selective vagotomy
Source No.

patients
Per cent 
diarrhoea

No
patients

P er cent 
diarrhoea

Burge, et aU, (1961) 100 26 100 12

Elliot-Smith, et al .(1061) 131 2 44 2

Harkins, et a l., (1963) 60 68 52 29

Hedenstedt and 
Lundquist, (1966) 30 44 6

Williams and Irvine, 
(1066) 43 9 22 0

Kraft, e t a l., (1967) 50 37 50 27

Mason, et aL, (1968) 42 33 40 20

Sawyers, et al., (1968) 00 g i 53 12

Hendry and Abdulla, 
(1969) 300 23 100 9

Infoerg, (1969) 81 36 101 12

Tovey, (1069) 118 7 100 9

ICronborg, et a L , (1970) 35 48 36 11

ICennedy and Connell, 
(1070) 50 30 48 8

1130 24.6 790 12.3

" with pyloroplasty, gastroJoJuiioBtomy or antrectom y. In each series 
the sam e drainage procedure or resection was employed.



If tiüB hypothesis is co rrect, the incidence of diarrhoea 

should foe very low indeed after higlily selective vagotomy, in which 

the vagal nerve supply to the extragastric v iscera is  preserved and 

the antro -pyloro-duodenal segment is left completely intact. We 

report here the resu lts of an investigation into the bowel habits of 

8 groups of patients one year after truncal vagotomy and pyloroplasty, 

selective vagotomy and pyloroplasty, and highly selective vagotomy 

without a drainage procedure.

PATIENTS AND METHODS

The 150 patients studied had undergone elective surgery for 

duodeml u lcer a t least one year previously in the University Department 

of Surgery a t the General Infirmary a t Leeds. The oi^erative procedures 

used were truncal vagotomy and pyloroplasty, b ilateral selective 

vagotomy and pyloroplasty, and highly selective vagotomy without a 

drainage procedure. Details of bowel tobit were recorded when the 

patiente attended the G astric Follow-Up Clinic for review one year 

after operation. The patients were interviewed by a panel consisting 

of a  physician, a  radiologist and two surgeons who were unaware of 

the type of gastric  operation wMch had been performed. The last 50 

eonseeutive patients treated by each type of vagotomy and seen one 

year after operation were chosen for review. Although the choice of



operation tod not been made in random m anner, the three consecutive 

se rie s  of a re  nonettieleSB well-matched with respect to sex,

age, weight and pre-operative maximal acid output (Table H).

The bowel function one year after operation was

recorded in detail, and compared with the pro-operative state* Three 

main categories of resu lt were recognfeed

(1) ’*no ciiange’*, when bowel habit had not altered  or was slightly

more constipated*

(2) "improved’*, when there had been little ctonge from constipation

before operation to an easie r or more frequent bowel action 

after operation* The motions in these patients were usually 

norm ally-form ed, but on occasion were porridgy or soft*

(8) "d iarrhoea", when the motions were liquid or very loose in

consistency, and were passed with some degree of urgency * 

Diarrhoea was classified as severe if the degree of urgency 

was BO great that the patient was in danger of being incon

tinent, or if the attacks of diarrhoea were so frequent or 

troublesome tto t tliey were considered by the patient to 

in terfere greatly with Ms way of life* D iarrhoea was usually 

episodic ra ther tton continuous in nature. Transient 

diarrhoea which cleared up after the f ir s t  toe© or four post

operative months has been ignored.



Table H

Details of Patiente

TRUNCAL 
VAGOTOMY and 
PYLOROPLASTY

SELECTIVE 
VAGOTOMY and 
PYLOROPLASTY

HIGHLY
SELECTIVE
VAGOTOMY

Number 
of patients 60 60 50

ge3c M : F 42 ; 8 40 : 10 37 : 13

Age years 44 * 3 -\-1*6 42*8 + 1.6 40.3

P re -
operative
weight 66*8+1*9 62.6 + 1.2 66.8 + 1.6

P re -
operative 
maximal 
acid output 
mEq'^ /

42 * 0 + 1.8 4 1 * 3 + 1 .8 42.4 + 1*9

Mean 4-1 8E

i  Peak 20 minute acid output x  3 in response to IM 
pentagaetrin, 6 ug/kg



Control Btudies A post-operative aeeessment of bowel Iiabit of 

this type is to some extent subjective and depends upon a comparison 

of bowel habit at the time of interview with that pertaining before 

operation* To obtain a better baseline for this study, two control 

groups were also examined. The first constated of 50 patients who 

had undergone appendicectomy, herniorrhaphy, or operation for 

varicose veins one year previously and who were asked to attend at 

the Gastric Follow-Up Clinic without the prior knowledge of the 

interviewing panel* These patients were questioned closely on all 

aspects of gastrointestinal funtion, including bowel habit* As a 

second form of control, detailed records of bowel Mbit were recorded 

in 75 patients who were admitted to the wards for surgical treatment 

of chrome duodenal ulcer*

B esponsetoateet meal of hypertonic glucose Fifteen represent-
I.,#; iifu m f inm m ti'ifTin iiinri

ative patients from each group took part in an experimental study in 

which an attempt was made to provoke the onset of diarrhoea 

artificially by means of a test meal of hypertonic glucose solution* 

Particular care was taken to make the three groups representative 

of the larger groups with respect to clinical symptoms such as dumping 

and diarrhoea and to the overall Yislck grading* An additional 15



patiente with duodenal ulcer before operation took part in this study* 

After fasting overnight the patients draiüc 350 ml* of a 25 per cent 

solution of glucose rapidly while standing upright. They remained 

standing for 10 minutes, then sat in a clialr for the remainder of the 

two-hour test* "Diarrhoea" in the context of this test signifies the 

passage of a fluid motion, with urgency, in the course of the test. 

"Severe" diarrhoea denotes the occurrence of two or more such 

episodes.

RESULTS

The patterns of bowel habit found one year after each of 

the tliree operations are shown in Table M and Fig* 1* The overall 

incidence of diarrhoea after truncal vagotomy and pyloroplasty was 

24 per cent, compared with 18 per cent alter selective vagotomy and 

pyloroplasty* 6 per cent Imd severe diarrhoea after truncal vagotomy 

compared with 2 per cent after selective vagotomy* These differences 

are not statistically significant ( )C -  0*29, p ^0*6). After MgMy 

selective vagotomy, only one case of mild diarrhoea was found* The 

incidence of 2 per cent is significantly less than that which was 

recorded after truncal vagotomy ( )("' ^ 10*7, p < 0*001) or selective 

vagotomy ()(  ̂ -  7*1, p <0.01).



Table ïïî

Bowel habit one year after truncal or selective vagotomy and 
pyloroplasty (T¥+F, 8V+B) or highly selective vagotomy without 
a drainage procedure (HSV)

No ciiange

Improved

Diarrhoea:
Mild or Moderate

Severe

All eases of 
diarrhoea

TV+2
% of 50 eases

8V+P
% of 50 cases

HSV 
% of 50 cases

40 50 58

36 32 40

18 16 2

0 2 0

24 18 2

The incidence of diarrhoea after II8V is significantly less 
that after T¥+P (p^ 0.001) or S¥+F (p^O.Ol)



INCIDENCE OF DIARRHOEA ONE YEAR AFTER VAGOTOMY.

2SL

PER
CENT 15

TRUNCAL SELECTIVE HSV
V *P V+P

Fig. 1 was BigniflcEntiy (p ^0.01) less coinnaoB after 
than after either truucai or selective vagotomy with 

pyioropiastj?.



The iiypertonic glucose meal produced dilarrhoea in 67 per

cent of patients after truncal vagotom y60 per cent after selective 

vs^otomY) bat only 13 per cent after highly selective vagotomy

(Table IV). The difference between the highly selective vagotomy group
9

and the truncal vagotomy group is statietbally significant ( )(̂  -  6.81, 

p <0.01). The difference between the highly selective vagotomy group 

and the selective vagotomy group is also statistically probably 

significant ( )( ' ™ 4.93, p <0.05). la none of the pre-operative 

patients with duodenal ulcer could the onset of cliaxrhoea be provoked 

by this test meal (Fig. 2).

The patterns of bowel ImMt which were recorded one year 

after surgery in the control group are shown in Table V. Altiougii 

4 per cent of these patients had experienced occasional mild diarrhoea 

since operation, 92 per cent were adamant that there imd been no 

clmnge in their bowel habit.

Of the 75 patients with duodenal ulcer who were questioned 

in detail before operation about their bowel habits, timee (4 per cent) 

said that they had episodic attacks of diarrhoea and fourteen (19 per 

cent) reported that they were usually constipated with either 

infrequent or ImrcJ and painful motions.



Table W

The Incidence of diarrhoea produced by a test meal of hypertonic 
(25 per cent) glucose

DU
15 cases

TV4'P
15 eases

avi-p
15 ca.B0s

HS¥ 
15 cases

Mild or Moderate 0 4 a 1

Severe 0 6 6 1

Total 0 10 9 2

The incidence of diarrhoea after BW ia aignificantly 
ieaa than after TV ^P (p <0.01) or S¥-i’P (p < 0,05)



INCIDENCE OF DIARRHOEA AFTER ORAL 25%GLUC0SE,

PER
CENT

70,

30.

TRUNCAL SELECTIVE P r e -O pHSV
V + P V + P DU

371.9: o 2 Hypartonic glucose did not elicit diarrhoea in any of the 
pre-operative patients. The incidence of diarrhoea in 
patients after HGY la significantly less than the incidence 
in patients who had undergone T¥d*P or



Table V

Bowel habit one year after ^hion-abclominaP' Burge.ry

A of 50 cases

No ciiange 93

Improved 4

Diarrhoea :

Mild or Moderate 4

Severe 0

All cases of diarrhoea 4

Control series of patients who had undergone 
herniorrhaphy^ appandlcectomy or varicose 
vein operations



DIBCU88ION

Two major criticisms could te levelled at this study. 

Firstly, It might be argued tliat the results are invalid because the 

type of vagotomy wiiich m e used in any particular patient imd not 

teen chosen in a random manner. The patients, however, were 

all treated in the same surgical unit, in which the indications for 

operation did not ciiange, and the assessments of bowel Imbit were 

made ’̂ blindly’’ by the same panel of observers at the Gastric Follow- 

Up Clinic. The three groups of patients were well-matched (Table IÏ). 

For these reasons we thinJx timt the observed differences in bowel 

habit are directly attributable to the type of operation employed, 

rather than to dissimilarities among the groups of patients coming 

to operation.

Secondly, It might be objected that an assessment which 

was made only one year after operation was much too early, and that 

different results might have been obtained if the review had been 

carried out several years later. However at the same Gastric 

Follow “Up Clinic, the incidence of diarrhoea in 161 patients five 

to eight years after truncal vagotomy and pyloroplasty was found to 

be 22 per cent and in 214 path*3Ĵ ts five to eight years after truncal



1
vagotomy and gastroenterostomy it was %1 per cent .

Two to five years after selective vagotomy and pyloroplasty the
R

incidence was 17 per cent in 8S patients (Table VI). There is 

little difference between these incidences and those which we have 

found at one year after operation. Thug we think that the comparisons 

v/hieh we Mve made here are valid. 1§0 patients teve now been 

treated fay MgMy selective vagotomy, the maximum period of 

follow-up is three and a half years, and the incidence of diarrhoea 

is  3 per cent. "Post-vagotomy" diarrhoea appeal's to be due to 

changes in gastrointestinal physiology which are produced at the 

time of operation. The findings one year after surgery are unlikely 

to cliange appreciably.

These results suggest that troublesome post-vagotomy 

diarrhoea w ill not occur after highly selective vagotomy. There are 

probably two reasons for tMa. F irstly, Mghly selective vagotomy 

preserves the v ^ a l innervation of the extragastric viscera, and 

secondly, by virtue of the retained antral innervation and the absence 

of a drainage procedure it a lso  preserves a more normal pattern of 

gastric emptying. TMs is  not to say that gastric emptyii^ is  entirely 

normal after MgMy selective v^otom y, because it is not. Although 

post-operative changes in the direction of more rapid gastric emptying



Bowel habit 5 to 8 years after truncal vagotomy and pyloroplasty 
and 2 to 5 years after selective vagotomy and pyloroplasty

No change

Em proved

.ixamioea :

Mild or Moderate

Severe

All cases of diarrhoea

rv-i-p
per cent

of 161 cases

17.4

91X o I

SV+P 
per cent 

of 85 cases

44.7

38.8

15.3

1.2

«.5



and sm all bowel transit a re  much less  pronounced after highly 

selective vagotomy than after truncal or selective vagotomy with 

a drainage procedure, such changes do still occur, particularly 

when the meal le of fluid or semifluid consistency (see chapters on 

gastric  emptying) * TMs may escplain why no fewer than 42 per cent 

of the 50 patients after MgMy selective vagotomy experienced a 

change in bowel habit - although the change was for the better in 

40 per cent and for the worse in only one patient (2 per cent),

Those patients who reported an '^improvement" in their 

bowel function form an interesting group^ Although by no stre tch  

of the imagination could they foa classified as having diarrhoea, 

there can be no doubt that their bowel M bit ims been altered by 

operation. That the alteration represents a  definite response to 

altered gastrointestinal physiology ra ther than a subjective response 

to "an operation" is suggested by the resu lts  obtained in the 'control' 

patients who imd undergone non*gastric operations, of whom 92 per 

cent were unable to detect any change in their bowel habit (Table V).

The problem of post-vagotomy diarrhoea is thus largely 

avoidable. It is necessary to sound a note of caution however, for if 

the hepatic or coeliac nerves were to be damaged a t operation, the 

incidence of diarrhoea would undoubtedly increase . As Burge and



Griffith^ have pointed out, preservation of both these groups of 

v&ëpa.! fjltxreas ils Imisoi'tzint jLn tlie %)2?€rv%=nil:l()ri ()f %)C)Ĝt'̂ trQLQpodbCHnory ctleii'rbwowBEi

The nerves of Latarjet are of equal importance. If they should be 

damaged inadvertently in the course of highly selective vagotomy, 

the patient would have, in effect, an ordinary selective vagotomy

4jüe3ajü3a&(?<3, sincl ggBisti'lc; aretentjkcwi Wfould eansine in E&
9proportion of patiente . The resulting stasia and fermentation of 

gastric content might then give rise to diarrhoea, as happened

when truncal vagotomy was performed without an added drainage
, 10procedure «

In conclwion, we have shown tlmt after Mghly selective 

vagotomy without a drainage procedure the incidence of diarrhoea 

is no higher than that which is found in a control population, and 

the severe diarrhoea which afflicts a few patients after truncal or 

selective vagotomy with drainage is entirely absent.

The incidence of diarrhoea after three types of vagotomy 

was assessed  in "Mind" fashion at a Gastric Follow «Up Clinic, one 

year after operation* Diarrhoea was recorded in 24 per cent of 

patients after truncal vagotomy and pyloroplasty, in IB per cent



after selective vagotomy and pyloroplasty, but in only 2 per cent of 

patients after highly selective vagotomy without a drainage procedure * 

The timee groups of patients were well-matched. The incidence 

of diarrhoea was significantly less (p<0.01) after highly selective 

vagotomy than after either truncal or selective vagotomy with a 

drainage procedure.

Hypertonic glucose solution given orally to 15 rep resen t

ative patients from each group and to 15 patients before operation 

provoked the onset of diarrhoea in 67 per cent of the patients who 

had undergone truncal vagotomy and pyloroplasty, 60 per cent of 

those who had undergone selective vagotomy and pyloroplaely, 13 per 

cent of those who Imd undergone Mghly selective vagotomy without a 

drainage procedure, and 0 per cent of the pre-operative patients* 

Again the difference l3etween the "highly selective" group and the 

other two groups of vagotomised patienta was statistically  significant*

It is suggested that post-vagotomy diarrhoea is attributable 

both to unregulated gastric emptying after truncal or selective 

vagotomy with a drainage procedure and to the extragastric denerva

tion that is produced by truncal vagotomy.
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CHAPTER 13

DUMPING
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The precise cause of poBt-cibal symptoms such as 

somnolence, falntnesa, sweating and palpitations, which afflict bo 

many patients after gastric surgery, and which are collectively 

termed "early dumping", 1ms been the subject of debate for many 

years. There is little doubt, however, that the basic defect is loss 

of "pyloric" control of gastric emptying, leading to the precipitate 

entry of unsuitable material into the upper email Intestine. The 

operation of Mghly selective vagotomy with preservation of an 

innervated antrum and without a drainage procedure was introduced 

in the hope that It would mmimi îe side-effects such as dumping and 

diarrhoea, yet preserve protective and inhibitory mectonisms in 

the antrum and duodenum. In this section we compare the incidence 

of dumping in patients treated by highly selective vagotomy with that 

in patients who were treated toy conventional truncal or bilateral 

selective vagotomy with pyloroplasty on the same surgical unit*



PATIENTS AND METHODS

The 150 patients, 50 after each of the 3 types of vagotomy, 

were described in the preceding section.

Clinical Symptoms of dumping were assessed  one year after 

operation in a "blind" manner at the Gastric Follow-Up Clinic.

Dumping was considered to be present when the patient volunteered, 

or admitted to, such symptoms as faintness, sweating, palpitations 

or excessive somnolence shortly after a m eal. Epigastric fullness 

alone was not considered to constitute dumping. Dumping was 

regarded as mild or moderate if the symptoms were so slight as 

to require little change in eating habits, or could be avoided by such 

simple expedients as the omission of fluids and sugar with a m eal. 

Symptôme of such severity aa to necessitate a major reduction in 

the size of meals together with an alteration in their composition, 

which forced the patient to lie  dov/n after a meal, or which continued 

to cause marked inconvenience despite the exercise of care, have 

been classified as severe.

Response to oral hypertonic glucose Inevitably, any assessm ent of 

the severity of dumping at a Gastric Follow-Up Clinic is to some extent 

subjective. For tiiis reason, a test meal of hypertonic glucose, which



is known to provoke dumping in susceptible individuals, was used to 

Mglilight and exaggerate any clinical differences in the liability to 

dumping wMch might exist among the different groups of subjects.

Three groups of 15 patienta who were representative of the three 

larger groups of post-vagotomy patients, and 15 patients with 

uncomplicated duodenal ulcer before operation were chosen for this 

study, Detaile of the provocative meal were given in the previous 

section. In addition to the recording of any symptoms experienced 

by the patients and of such objective signs as pallor, sweating, 

and changes in conscious level varying from mild sleepiness to 

actual collapse, serial measurements of pulse rate and blood-pressure 

were made throughout the test. By these means a much more 

objective assessment of the severity of dumping was achieved than was 

possible from simply listening to the patients at the Gastric Follow-Up 

Clinic.

Control study To avert the possible criticism that the searching 

interrogation of the Gastric Follow-Up Clinic might lead to a 

falsely high impression of poat-vagotomy problems, 50 patients who 

liad undergone relatively minor sui'gical procedures one year previously 

were included in the Clinic without the prior Imowledge of the 

interviewing panel, (see previous chapter).



RESULTS

Clinical AeaesBmeîit The incidence of early dumping which was 

found one year after the tliree operations la shown in Table I.

Selective vagotomy and pyloroplasty led to the highest incidence of 

dumping, 34 per cent of the patients being affected. It was only in 

this group of patients that aymptoms of severe dumping were recorded. 

After truncal vagotomy and pyloroplasty the Incidence of dumping was 

less (20 per cent), and no severe cases were encountered. However

the difference between truncal and selective vagotomy with pyloroplasty
2was not significant ( )(' -  2.43, p > 0 ,l) . After highly selective

vagotomy without a drainage procedure, the incidence of dumping was
26 per cent, significantly less than after truncal ( )( -  4.33, p ^0.05)

g
or selective vagotomy ( )( = 12.25, p ^ 0.001). 4 per cent of the 

control group who Imd undergone herniorrhaphy, appendicectomy or 

operation for varicose veins admitted to symptoms of mild dumping.

The hypertonic test meal produced dumping in 30 per cent 

of patients before operation, in 73 per cent of patients after truncal 

vagotomy and pyloroplasty, 80 per cent after selective vagotomy and 

pyloroplasty and 47 per cent after highly selective vagotomy (Table H). 

The difference between the "highly selective" group and the two other



Table I

The clinieal incidence of early dumping one year after truncal, or 
selective vagotomy and pyloroplasty (TV-KP, BY-i-P) or MgMy 
selective vagotomy without a drainage procedure (BB¥)

TY-hP 
% of

50 cases
% of

50 cases

BBV
% of 

50 cases

CONTROLS
% of 

50 cases

Mild or Moderate 2 0 32 6 4

Severe 0 2 0 0

All cases of dumping 20 34 6 4

For statistical analysis, see text,



The incidence of dumping produced by a test m eal of hypertonic glucose

D.U.
15 patients

TV+P 
15 patients

BV-kP
15 patients

HSY 
15 patients

Mild or Moderate 3 7 7 5

Severe 0 4 5 2

Total 8 11 12 7

For statistical analysis, sea text,



Table IE

Cardiovasctüar changes following ingestion of hypertonic (25 per cait)
glucose solution

D.Ü.
15 patients

TVfP 
15 patients

8V+P 
15 patients

E S Y  

15 patients

Bîcrease in 
pulse rate 
beats/min.

15.6 4-2.10 29.3 +3.9 23.9 +3.3 17 .9+3.4

Decrease in 
blood pressure 
mm, Hgo 

(systolic)

5,3 4-1,3 16.5+2.3 12.8 +2.3 8.1 +2.1

'*' Mean ^ 1 B .E .M. of greatest change from steady 
pre-test value
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Fig. 1 Cliaiiges m  pulse rate following ingestiou of hypertonic 
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vagotomised groups taken together is statistically not quite significant 
2 -

( 2.81j p \ 0 . 1 ) .  However, the incidence of dumping in

patients after both truncal vagotomy and pyloroplaet^? (p^0.02) 

and seiactive vagotomy and pyloroplasty (p<0.01) was significantly 

greater than in patients with duodenal ulcer before operation. The 

incidence of dumping in patients after Mghly selective vagotomy v/as 

not significantly greater (p^O.l) tlmn in pre-operative patients.

The changes in pulse rate and blood pressure in the 

cours;] of the test are shown in Figs. 1 and 2 and Table IE.

Iri'‘;sstion of hypertonic glucose produced significantly greater 

hypotension (p<^0.05) and significantly greater tachycardia 

(p4^0.05) in patients after truncal and selective vagotomy with 

pyloroplasty combined than in patients who had undergone 

highly selective vagotomy.

DISCIJSeiON

A clinical study which competes the results of different 

forms of treatment is undc.ubtedly open to criticism when the patients 

had not been allocated randomly to one or other of the ti’eatment 

groups. As stated in the previous section however, we thinlc that



the comparisons made here are probably valid, since the operations

were ail performed- on the same surgical unit, and the results have

been assessed in an unbiased manner by a panel who used the same

criteria for assesament throughout.

It is also necessary to consider whether the results

reported here, consisting of information obtained only one year

after operation, are likely to be maintained on longer follow-up.

This is particularly relevant since the incidence of dumping which

we have found one year after vagotomy and pyloroplasty is very high.

To a certain extent this question can be answered by comparing the

one year résulte reported here with the latest information we teve m

our possession on patients after truncal and selective vagotomy. 158

patients were followed for 2 years after truncal vagotomy and

pyloroplasty in Leeds and York, and of these 9.7 per cent reported
1symptoms of dumping . The 5- to 8-year results of tMs group show

an incidence of early dumping of 11.9 per cent"'. The incidence of

dumping in 85 patiente followed for 2- to 5-years after selective
3vagotomy and pyloroplasty in Leeds was 22.4 per cent . Thus after 

both these operations, the well-known tendency for dumping to 

decrease with the passage of time can be discerned. This may foe 

due to the fact that many of the patients learn in time to avoid food



wMch is particularly liable to provoke dumping* There seems to

be no reason wiiy the same process should not apply to the incidence

of dumping, small as it is, after highly selective vagotomy.

The incidence of dumping of all grades of severity which

we Imve found after truncal and selective vagotomy with pyloroplasty

is high, but is in agreement with the figures quoted by some other 
4-8authors , Although this incidence may be expected to decrease 

with longer follow-up, it is still lilmly to remain significantly greater 

than that which is found after highly selective vagotomy. Why 

dumping should occur more frequently after selective than after 

ti'uneai vagotorn̂ r is difficult to explain, although this observation 

is not new . It may be related in some way to the fact ttet the

vagal innervation of the small intestine is intact after selective
Bvagotomy, but absent after truncal vagotomy , This would perhaps

foe in keeping with the observation that dumping is more common in

patients who have an incomplete vagotomy tlian in those whose vagotomy
5is complete on insulin testing . Although the exact pathogenesis of 

an attack of dumping has not been established conclusively, there is 

considerable evidence to implicate the release of certain vasoactive 

peptides and hormones from the small bowel . It is tempting to 

speculate that denervation of the small bowel impairs the release of



these substances. Certainly the histamine content of the upper 

sm all intestine seems to foe reduced after truncal vagotomy % 

and our own measurements of the plasma concentrations of 

immunoreactive maiilin after oral and intravenous glucose test

meals also suggest that some gut liox’mones a re  released less
18readily from a vagally “denervated Intestine " .

We have shown that the incidence of clumping b significantly

lower after highly selective vagotomy without a drainage procedure

than after vagotomy and pyloroplasty. Likewise Amdrup in Copenhagen

finds significantly less dumping after higMy selective vagotomy than
1-A

after Polya partial gastrectomy for duodenal ulcer ", This is

scarcely surprising when one considers the importance of the antrum ,
15 “17pylorus and duodenum for the regulation of gastric  emptying , and

18 2dthus for the prevention of dumping" . It is perhaps more surprising

tliat this operation should be followed by dumping at all I The

explanation is that gastric emptying is not quite normal after highly

selective vagotomy. Although the stomach is by no means ’incontinent”

of fluids after highly selective vagotomy, as it is after vagotomy and 
22pyloroplasty'''' , nonetheless both fluid and sem i-fluid meals leave the 

stomach more rapidly after highly selective vagotomy without drainage 

than before operation. These changes, however, a re  much less



pronoimced tiian those which are  found when aniro-pyloro-duodenal 

regulation of gastric emptying is destroyed by total gastric vagotomy 

combined with pyloroplasty or gastrojejmiostomy. It should foe noted 

tliat symptoms of dumping are  not entlrefo- confined to patients who 

have undergone gastric surgery, for in the group of 50 patients who 

had undergone herniorrhaphy, appendicectomy or operation for varicose 

veins at least one year previously, 4 per cent admitted to symptoms 

of mild dumping, whexi they were reviewed In ”blind” fashion a t the 

Gastrr’c Follow-Up Clinic.

SUMMARY

The incidence of dumping after truncal or selective vagotomy 

with pyloroplasty, and highly selective vagotomy without a  drainage 

procedure was assessed  a t the clinical and experimental level. At 

a  G astric Follow-Up CLnic, dumping was found to foe significantly 

less frequent in patients who tod undergone highly selective vagotomy 

without a drainage procedure tton in patients who had undergone 

truncal or selective vagotomy witli pyloroplasty. Hypertonic glucose 

given orally provoked the onset of dumping in 20 per cent of patients 

with duodenal ulcer before operation, in 72 per cent after truncal 

vagotomy and pyloroplasty, 80 per cent after selective vagotomy and



pyloroplasty and 47 per cent after highly selective vagotomy.

The te st m eal produced significantly g reater decreases m blood 

p ressure and increases In pulse rate  in patients who Iiad imdei’gone 

vagotomy with pyloroplasty tlmn in patients who had undergone 

highly selective vagotomy.

Preservation of an intact, innervated antrum , pylorus 

and duodenum, without bypass, as in the operation of highly selective 

vagotomy, leads to a  large reduction in the incidence of dumping 

compared with that which is  found after truncal or selective vagotomy 

with a drainage procedure.
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CHAPTER 14

T H E C LIN IC A L R ESU LTS



CLINICAL RESULTS OF HIGHLY SELECTIVE VAGOTOMY 
WITHOUT DRAINAGE FOR DUODENAL ULCER

One hundred and forty patients have been treated by 

highly selective vagotomy without a drainage procedure for duodenal 

ulcer in the University Department of Surgery, Leeds General 

Infirmary, since January 1969. The total number of patients treated 

by HSV is 180, There has been no operative mortality, no re-operat

ion for the relief of gastric stasis and no recurrent ulceration. In tlüs 

chapter we describe the clinical results which were recorded in the 

first 100 patients to be treated by HSY.

PATIENTS

Eighty were men and 20 were women. Their ages 

ranged from 18 to 88 years and their weights from 38 to 100 kg. 

Further details are given in Table I. All patients were operated 

upon electively or at most semi-urgently (several days after the 

cessation of bleeding), emergency cases and those with the clinical 

features of pyloric stenosis being excluded. Eighty-sbc were 

operated on by the author and 14 by Professor Goligher. The 

author’s cases form an almost-conaecutlve series. Three elderly.



Tm m  I

D eta ils  o f 100 e le c t iv e  cases of duodenal u lcer  treated  by HSV

SEK;

AGE:

do men

<  80 - 2
20 — .9 — 10
30 ” 39 ■=* 24
40 — ”■ 31
50 -  59 - 26
60 ”  09 ” 7

20 women

weights 38 « 100 kg,

mean, 65 kg.

m m m  op tjlcer historys 1 « 50 years : mean, 9 years.

INDICATIONS FOR OPERATION:

(1 ) pain, fa ilu re  o f medical treatment: 98

(2 ) previous perforations I 5

(5 ) previous haemorrhages I 6

POLLOW»UP:   97 per cent complete*
1 died in  accident
2 changed addresses

length ox follow-xips 8 -  42 months,
mean, 21 months

90 p a tien ts reviewed at Gastric Pollow-up Clinie at 1 year.

48 p atien ts reviewed at Gastric Follow-up C lin ic a t 2 years,

15 p atien ts reviewed at Gastric Follow-up C lin ic  a t 5 years,



unfit patients were treated by the quicker methcd of truncal 

vagotomy and pyloroplasty. The se rie s  thus includes many obese 

patienhs and also  many who iiad a long history of u lcer, and gross 

duodenal scarring , often with some degree of stenosis.

The question, drain or not to drain?** A drainage procedure 

was thought to lie necessary U one or several of the following 

features were presen t:- (1) a history of repeated copious vomiting, 

(2) succussion splash (3) radiological evidence of gastric  stasis  

and (4) a  large volume of ’resting juice’ (greater than 200 m l.) 

containing food residues in the stomach after an overnight fast.

On the other hand, many patients who vomited frequently during 

exacerbations (of whom a few also had a succussion spktsh) were 

free of symptoms or signs of gastric  retention v/hen their u lcer 

symptoms went into rem ission. Thus, the decision ’*to drain or 

not to drain” was based on function ra th e r than form , and even if 

a t operation a severe degree of scarring  and some stenosis were 

found, a  drainage procedure was not added if the following conditions 

îmd been m et:- (1) no history of vomiting, or vomiting tlmt ceased 

when symptoms rem itted , (2) patient able to eat heartily when in 

rem ission , (S) absence of succussion splash in the pre^operative 

period, (4) no hold-up of barium on x -ray , and (5) ’resting ’ juice



in the stomach after an overnight fast less than SCO ml. in volume 

and free from food residues (test perfoizmed in the pre-opaz’ative 

period).

This policy was based on the concept that the stomach 

t ompensated foz" mxvTowing of its outlet by means of hypertrophy 

and by increased force of contraction by the antrum . M oreover, 

obstzmction was often due in part to the oedema of an active ulc r ,  

so that when oedema subsided as a resu lt either of spontaneous 

rem ission  or of surgical cure of the u lcer, the gastric  outlet would 

become wider. Provided tiiat the vigour of an tra l peristalsis could 

be preserved, by preservation of the nerves of L atarjet, it 

seemed likely that gastric  drainage would te  required only in 

cases with gross,long-standing, unremitting pyloric stenosis. ïn 

consequence, only about one patient in twenty has ted  a drainage 

procedure added.

Indications for operation Pain, unrelieved by m edical treatment, 

was the prime indication (Table I), but in a  mMority operative 

intervention was indicated principally on account of previous 

teem o rrteg e , perforation, or both.

Follow-up was 97 per cent complete (Table I). 90 patients were



reviewed one year after liSY  in ”blind” manner by the panel of 

doctors a t the G astric Follow-up Clinic: 48 were reviewed at 

2 years and 15 a t 3 y ea rs . At this Clinic, patients who had 

undergone HS¥ were intermingled with patients who had undergone 

truncal or selective vagotomy with pyloroplasty or g astro 

jejunostomy, vagotomy-antrectomy, or Polya partial gastrectomy 

in the treatm ent of duodenal u lcer, simple closure of perforated 

duodenal u lcer, gastrectomy for gastric  u lcer, and subtotal 

or total gastrectomy for gastric  carcinom a. The panel usually 

consisted of three doctors; D r. C. N. Pulvertaft (radiologist) 

or D r. B. E . WaH^ez’ (physician), P rofessor J .  C. Goligher and 

the author. M embers of the panel were not allowed to Mow 

which operation iiad been performed until they tod recorded their 

findings and their verdict regarding the patient’s grading.

M this way Mas arising from preconceived ideas of the relative 

m erits of the different operations was largely avoided, although 

it must be admitted that on occasion a member of the panel might 

be able to rem em ber which type of operation tod been performed.

Since the findings in female patients were little 

different from those in m ales, (Table 3C ) the resu lts  for both 

sexes will he considered together.



WEIGHT : HAEMOGLOBIM Before operation, and at each 

yearly v isit to the G astric Follow-up Clinic, the patient was 

weighed, and a  sample of Mood talmn for estim ation of 

haemoglobin concentration. Some of the data is m issing, 

howevei', either because the m easurem ents were not made, oz" 

because the resu lts  were not recorded in the patients’ notes.

FETOINGB

OPERATION The duration of the operation decreased as the 

surgeons acquired fam iliarity with the technique. Mean operating 

time fell from 120 minutes to 90 minutes, the range being from 

45 minutes in a  thin patient to about 150 minutes in a fat patient 

with a narrow subcostal angle. The author has not ted  to 

abandon the procedure in any patient on account of tedm ical 

difficulty, but HB¥ is certainly a tedious and difficult ope^^tion in 

about 10 per cent of patients. Splenectomy te s  been necessary in 

two patients on account of iatrogenic traum a a t ope^’ation. 

ïschaem la of the stomach has not been o b serv ed ,m r was it expected, 

since only the branches of the left gastric  a r te ry  a re  sac ri 

a ll other a rte rie s  to the stomach teing left intact.

'There was none.



POST-OPERATIVE EECOVEEY Only one patient was 

dangerously ill soon after opei'ation. TMs was an obese 35 year 

old woman who developed deep venous throm bosis, and recu rren t 

pulmonary embolism despite adequate antieoagulatlon with heparin 

infusion* She was treated by ligation of the Inferior vena cava.

She now te s  a perfect resu lt with respect to her stomach, but 

complains of bursting pain in her legs on exercise .

There were five wound infections in the f irs t  twenty- 

five cases, due perhaps to slow operating, to the use of gasti’otomy 

to perm it the Congo Had test to foa performed, and perhaps also to 

the insertion of a gastrostomy tube a t the end of the operation.

There has been only one further wound infection in the next 75 cases, 

perhaps because of speedier opez^atlng, abandonment of the Congo 

Red test, and the routine application of Î gram  of Ampicillin powder 

to the wound after closure of the peritoneum.

There have been no other m ajor complications, though 

minor degrees of atelectasis and chest infection were quite 

common in the f ir s t  few clays a t e  operation. A striking feature 

has been the absence of gastric s ta s is . Prolonged gastric z’eteation, 

Buch as is seen in perhaps two per cent of patients after truncal 

vagotomy with a drainage procedure, te e  not occurred in any of



the 180 patients treated by HS¥. A spirates via the gasb?ostomy 

tuba (which was employed in the firs t 100 patients but whose 

use has now been abandoned) were em ail in volume, and patimits 

ûThik. free fluide within 48 hours of operation* P er sis  ting 

ileus of the sm all bowel has lilcewise not been Been. The mean 

length of stay in hospital after operation was 10 days*

FINBIMGB ON FOLLOW-UP

The findings at one year and a t two years were alm ost 

identical, with respect both to individual symptoms and to the 

overall clinical assessm ent. The two-year resu lts were slightly 

superior to those a t one year (Table ÏÏ). The resu lts  aftez' HS¥ 

at one to two years Imve therefore been compared with the resu lts 

which were z’ecorded in the same clinic two years after truncal 

vagotomy and pyloroplasty (T¥-^P) or gastrojejunostomy 

(TY-Î-GJ), selective vagotomy and pyloropla.sty (BVfP), truncal 

vagotomy and antrectomy (T¥ -lA) and Polya partial gastrectomy 

(PG) (Eef. 1 and unpublished observations on the resu lts  of 

8¥4'P). Such a comparison, not being based on a random 

allocation of patients , is open to the critic ism  that the patients 

who were treated by HB¥ may dlffe?: from those treated by the
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other operations. In addition., many surgeons took part in the 

Leeds-York tria l of TY Æ J, TVfA. and Polya PG, whereas 

the author has performed most of the HE¥ operations Mmself. 

However, all the patients came from the same region of 

Britain, and so far as we are  aware the indications foz' operation 

did not change* Certainly we consciously resisted  the temptation 

to use this u toa-conservative operation a t an ea rlie r  stage in the 

disease process: the mean length of u lcer history in the 100 

patients was nine y ears . M oreover, the method of assessm ent 

of the patients* condition on follow-up was identical, because 

exactly the same c rite ria  (and alm ost the same panel of assessors) 

were used both in the Leeds-York tr ia !  ' a;n i  in the assessm ent 

of the patients after highly selective vagotomy.

FREQUENCY OF SYMPTOMS DUE TO ALMENTAEY DYBFUNCTIO 

The relative frequency of the commoner symptoms of 

which the patients complained is shown in Table E . Two years 

aftez’ BB¥, m ost symptoms were slightly less frequent than they 

had been a t one year. Nausea and eazTy dum ping occurred less

- ^arly dumping is defined as a sensation of epigastric fullness, 
accompanied by a  feeling of faintness, sweating, somnolence or 
palpitation oecurrm g soon after a m eal, and late dumping as a
feeling of faintness and wealmess coming on an hour or more 
after food, probably due to hypoglycaenaia.



frequently after HBV tten after any of the other operations. The 

incidence of early dumping after HSV (5 per cent) was approximately 

one half of the incidence after vagotomy with drainage and one tliird 

of the incidence after partial gastrectomy (Table H). Bile vomiting 

was not recorded after HS¥ and the difference from the incidence 

after the other operations was significant (p^O.Ol). If gastric 

emptying iiad been delayed after HS¥, the incidence of symptoms 

such as flatulence and vomiting would have been higher after HS¥ than 

after the otlier operations, but in fact tiiese symptoms were not more 

frequent after HSV, which suggests that gastric emptying was, in the 

main, satisfactory. A disappointing finding after HSV was tiie 25-to- 

30 per cent incidence of epigastric fullness after the main meal of the 

day, which was little different from the incidence after other opération! 

Persisting dyspiiagia was a rare symptom after any of the operations, 

and late dumping was also encountered rarely* Heartburn was very 

unusual after partial gastrectomy, but was noted in 10 to 18 per cent 

of patients who iiad undergone any type of vagotomy. Thus, it is 

obviouB that all the operations studied gave rise to an Impressive 

incidence and variety of side-effects, but it must be empliasiaed 

tlmt most of these symptoms were both mild and intermittent, 

in general, H8¥ produced fewer side-effects tlian did the other 

operations, the greatest advantage
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being in respect of bile vomiting and of early dumpings 

ALTERATION OF BOWEL IIABIT The clmnges which took 

place in bowel habit after HS¥ and the other gastric  operations 

a re  shown in Table HL Three types of resu lt have been recognised: 

No change, when bowel function has either not changed a t all 

since operation or lias become slj^htly more constipated.

Improved g which means that the naotions iiave become slightly 

looser than before operation aidsometimes a little more frequent. 

For example a patient may find tlmt instead of having one 

constipated motion every second day he now passes one or two 

motions without difficulty each day. The motion is formed in 

cim racter and this state of affairs could not be described as 

diai rhoea. In fact the patient usually thinlcs that it is one ox 

the m ost agreeable effects of the operation.

D iarrhoea of varying degrees of severity The use of the term  

^^dlarrhoea*^ im plies that the motions were very loose or liquid 

in eoneiBtencyj that they were passed with some degree of 

urgency and that the attacks of diarrhoea were usually episodic 

and not continuous. Jî the patient liad on© attack of diarrhoea 

every three months or so, the attack lasting for less than a day 

and not interfering with Ms way of life, the diarrhoea was graded



as mild in severity . On the other hand if the attacks occurred 

every week or fortnight, if the degree of urgency was great, 

if the pïitient was incontinent, passing the motion into his clothes, 

and if he or she was unable to pursue a norm al way of life, the 

diarrhoea was classified as severe. In a few patients the degree 

of urgency was such tlia.t if they were unable to reach the lavatory 

very qulcldy they might be unable to control the motion. ïn these 

circum stances the diarrhoea was classified  as severe even if 

the attacks did not occur with gi'eat frequency. Diarrhoea of 

moderate severity was intermediate between the mild and the 

severe types.

It will be seen from Table III that severe diarichoea 

was not recorded after MgMy selective vagotomy. Only two 

patients experienced diarrhoea and in tooth of them it was mild in 

cM rac te r . In contrast, after all other types of operation involving 

vagotomy the overall incidence of diarrhoea lay between 16 and 26 

per cento The incidence after truncal vago::omy was between 22 and 

26 per cent, of which 2 to 6 per cent was severe . It will also be 

seen that the incidence of diarrhoea which was recorded one year 

after truncal or selective vagotomy persisted virtually unchanged 

at two to five years in the case of selective vagotomy and a t five to



eight years lu the case of truncal vagotomy. The incidence of 

diarrhoea afte r highly selective vagotomy was significantly less 

(p^O .O l) than after any of the other operations invoiving vagotomy, 

irrespective of whether the vagotomy was selective or truncal in 

type. The incidence of diarrhoea after higlily selective vagotomy 

was not significantly less tlmn after Polya partial gastrectom y. 

Thus in respect of bowel function HBY enjoys an advantage over 

both truncal and selective vagotomy with a  drainage procedure, the 

resu lts  of which a re  undoubtedly m arred  to some extent by the 

occurrence of post-vagotomy diarrhoea.

PATIENTS^ WEIGHT AFTER EBY

It has not been possible to compare the effect of HSV 

with that of other operations,on patients* weight,because the data 

from the Leeds-York G astric Follow-up Clinic re la te  to v-sights 

recorded five to eight years after the other operations. The 

changes which were recorded in patients* weight after highly 

selective vagotomy a re  shown in Table W . One difficulty in 

Interpreting these data is that some patients had lost weight 

before operation. Thus the figure of 65kg. for the mean weight 

before operation is an underestimate of the patients* true, 

or ideal, weight. However, none of these patients iiad
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P atien ts' weight before and afker h igh ly  s e le c t iv e  vagotomy

BEFORE HSV

ICIMBER OF 
PATIEhTS 100

WEIGHT 
(kg. )

1 SEM

65.3
•f

1.1

MEAN WEIGHT GAIN 
(kg. )
t« te s t

>  5 kg. GAIN 
0 - 5  kg, GAIN 
0 - 5  kg, LOSS 

^  5 kg. LOSS*

OllE YEAR AFTER HSV

74

67.8
“F*

1 .4

2.2o + 0 .48  

t  -  4 .708 , p < 0 ,0 0 1

21
35
16
2

28^
4'7îS
22ÿo
3^

TWO ÏEAKS AFTER HSV

33

70.7
4"

2.1

5.54  -I- 0.84^

t  ■= 4 .2 1 , p < 0 .0 0 1

15
14
3
1

46^
42,2
9$
3$

35 p atien ts complained o f weigiit lossg  which amounted to  
lllcg . a 8kg. and respectively*

1 Wei*^it gain a t two years refers to  the Increase in
v /e igh t compared w ith  p r e - o p e r a t iv e  w e ig iit.



clinical pyloric stenosis and some were overweight before 

operation because the]  ̂ had been eating frequent sm all meals rich

in dairy products. Before operation, m ost patients were fairly

close to their normal we%ht<, The mean weight of 100 patients

before highly selective vrgotom^? was 65.3kg. ; one year after

E8V in 74 patients it was 6 7 .8kg. and two years after HS¥ in

33 patients it was 70.7kg. The gain in weight in the 74 patienk:

one 3?ear after HSV compared with the pre-operative weight was

statistically  highly significant and the gain in weight in 33 patients

2 years after HB¥ was also statistically  Mgliiy significant compared

with the pre-operative weight. One year after HSV, 75 par cent of

patients had gained weight and 25 per cent lad lost weight. Ihvo

years after HSV 88 îer cent of patients had gained weight and only

12 per cent had lost weight. Weight loss was a m atter of concern

to only 3 of the 100 patients. One fifty-year-old man weighed

75kg. before operation, which was his ideal weight. After

operation he found he had to re s tr ic t the si^e of the main meal of

the day to one half to two-thirds of what he had eaten form erly,

on account of a sensation of epigastric fu llness. One year after

operation his weight had decreased to 64kg. and three years after

HBY his weight was s till only 64kg., thoitgh in other respects he



felt perfectly well and was graded as a Y isick  II resu lt.

Another young man of twenty->.:dght weighed before operation

and said that Ms best weight was around 78kg. After HSV, he too 

experienced epigastric fullness after m eals and one year after 

operation he weighed only 70kg. Els weight has now risen  to 

77kg. however, and he is satisfied. He has been graded Yisick II 

on account of the epigastric fullness after m eals. The third 

patient was a very thin lady of forty-eight whose best weight many 

years previously ted  been 48kg. mid who weighed only 43kg, a t the 

time of operation, Post-operatlvely she found tlmt she had to 

re s tr ic t the size  of her m eals to about two-thirds of w te t she had 

eaten form erly. She lost a further 3kg. in weight, which d istressed  

her somewhat because she was aîxeady much too thin. Two years 

a fte r HB¥ her weight is s till only 40kg,

In the Leeds “York tr ia l”' it was found that five to 

eight years after vagotomy and gastroenterostom y the mean 

weight loss of four pounds was not significant compared with 

the optimal pre-operative weight. In contrast, after either 

truncal vagotomy and antrectomy or subtotal gastrectom y the 

mean weight lose was ten pounds, a sin/cisti.caUy Mghly 

significant difference, While we have not calculated the optimal



weigixt of the liSY patients from Info Assurance Tables as was 

dons in the Leeds "Work trial, it is of interest to note that the 

calculated optimal weight for 321 male patients in the Leeds-York 

trial was 15c pounds (70kg.) before operation. Before HS¥, the 

100 patients, including 20 women, weighed on average 65kg, but 

there was evidence of progressive weight gain after HS¥ and the 

mean weight of 33 patients two years after 118V was 70,7kg, 

?Lurthermore tiiese 33 patients included 10 women and if the 

latter ts weig Xs are excli; :led the mean weight in the 23 male 

iatients two years after HS¥ was 72kg,

LlCCUREENCE OF ANAEMIA AFTER H8V

The mean Imemoglobiu concentration before KSY was 

15,Ig per 100ml. (excluding the results of patients who had bled 

in the pre-operative period). One year after H8¥ mean haemo

globin eoncenbratlon was 14.0g per lOOmL and two years after 

E8V It was 14.bg per 100ml, (Table ¥), The decrease in haemo

globin concentration at one year compared with before operation 

was statistically sigiAcant (p^ 0,01) but the decrease which was 

recorded at two years was not statistically significant. In 

Table VI the changes in haemoglobin concentration after highly 

selective vagotomy are  compared with those which were found at



Tmm V

Changeî-î in  haemoglobin concentration after HSV

H5F0RE HSV ONE YEAR AIHER HSV TVJO VEARS AMER HSV

Number o f  
p atien ts 69 50 20

Mean Hb 
concentration  
(g per 100 m].. )

±  1 s m

15.19

0.19

14.58’’“
'1'

O .lo

14.48^
.J.

0.29

Mean decrease O.56 hh O.18 Ln 4 l p atien ts

t  = ^ ,11;, p ^ 0,01  
(before, compared with one year a fter  HSV)

Mean decrease 0,^1 0 .22  in  I 7 p a tien ts

t  := 1 ,41 , 0 .2  > p > 0 .1
(before^compared with two years a fte r  HSV)

excluding 7 p a tien ts  who were anaemic pi'^e-operatively due to  
haemorrhage from 'Uieir u lcer .

1 If anaemia i s  defined as a haemoglobin o f l e s s  than 1'̂  grams in  
a man and le s s  than 12 grams in  a woman, only two p a tien ts  
(4 per cent) were anaemic a t one year (Hb, 10,0 and 10.9 g /  
100ml, re sp ec tiv e ly ) and one p atien t was anaemic a t two years 
(Hb 10o  g/lOOml,).

♦estim ated on a Coulter automatic counter, (normal range, for the
naem tology la  nor a t  or Leeds General In firm ry , 1^.0 to  I 8 .0  g /  
100 ml. in  men, and 11. r to  10,5 g /  1 0ml, in  women),



a?ABLE VI

E ffec t 03' d iffe r en t types o f vagotomy operation

on Haemoglobin (Leeds-York Data)

Operation
NLimber

o f
p atien ts

Haemc 
(g/lOOml.: 11

>globin 
lean t  1 SE) P

Before
operation 1 year a fter

HSV 4 l 15.1 ±  0 .1 14 .6  + 0 .2 < 0 .01

TVHP 6? 15.1 t  0 .2 14.1  ±  0 .1 <  0 .01

OTtGJ 55 14.9  t  0*2 14 .5  1  0 .2 > 0 .05

07V •!“ 
Antreot, 40 15.9 ±  0 .2 13 .8  + 0 .3 < 0 .0 1

•=”• Data on a l l  operations except HSV are taken from 
* A fter Vagotomy*, London, Buttej^worths, 
by kind perm ission o f the publishers*



the Iieeds-lfork G astric Follow-up Clinic after truncal vagotomy

and pyloropiast^.^ truncal vagotomy and gastrojejunostomy and
3truncal vagotomy and antrectomy * It will he seen tliat one year 

after any type of vagotomy mean teemogloMn concentration was 

0,5 to 1.5g per lOOmL less than it had been before operation#

This decrease was etatistically significant, except in patients 

after truncal vagotomy and gastrojejunostomy# The sm allest 

decrease was found in patients after H8¥, but the difference 

between the decrease in the EBY patients and in the other patents 

is not statistically  significant#

INCIDENCE OF RECUBRENT ULCERATION

Pain of u lcer type was recorded in 3 out of 90 patients 

who were interviewed at the Gastric Follow-up Clinic one year 

after H8¥ and in 1 out of 48 patients who were seen at the clinic 

two yeax’s after HSY# In addition, abdornmal pain wMch was not 

localised to the epigastrium and quite different from the pain of 

the ulcer was experienced by a furtm r  3 patients who were 

interviewed one year after HS¥ and by 3 of the 48 patients who 

were interviewed two years after IISV# Only two patients were 

seriously suspected of harbouring recu rren t ulceration. Both 

were young men in their late twenties who complained of numerous



other symptoms in addition to pain# The pain itself was 

sim ilar to that of their u lcer. One patient was a shiftless and 

unreliable individual (D.AD who before Me operation had been 

involved in numerous fights, with resulting admissions to hospital 

for the treatm ent of hea ' injuries # After operation (at which he 

was found to have convincing evidence of duodenal ulceration) 

hlB abdominal symptoms continued much as before# The other 

man (B.S) appeared to be of noxmiai personality. Both patients 

were Investigated in the usual way with barium meal examinations 

which merely showed some deformity of the duodenal cap, wiiich 

was to be expected, but no definite sign of recu rren t ulceration. 

Fibre-gastroscopy yielded negative resu lt i in both. An insulin

test was carriei! out in each approximately one year after H8Y
4

and in each it was negative by Hollander's c rite ria  , though the

spontaneous acid output in B.J# was 4, 6 n iF q /h r, whic;x made the
5test positive by the criterion  of Bachrach . Both patients 

eventually came to further laparotomy, about one year after their 

original operation. It was then found that a  pyloroplasty had been 

performed in patient D#A. , during one of Ms numerous admissions 

to othex’ hospitals subsequent to the highly selective vagotomy 

operation. The region of the pyloroplasty v/aa supple,and careful



inspection of the stomach and duodenum did not reveal any 

abnormality* The non-absorbable sutures which had been used 

for the pyloroplasty were removed and the pyloroplasty incision 

opened. Thorough inspection of the terminal antrum and proximal 

duodenum from the luminal aspect did not reveal any breach of 

the mucosa. The pyloroplasty was re-fasMoned and nothing 

further was done. During the subsequent two years this patientas 

symptoms have improved spontaneously and he is now in 

Visick grade III, although, because he has been subjected to a 

second operation, he also remains permanently in Visick grade lY* 

In the second patient, B.B., the antrum, pylorus and duodenum 

were also carefully mobilised at the second operation and were 

found to be soft and supple with no sign of ulceration on external 

inspection* The duodenum was again inspected from tlie inside 

and no ulcer was found. Antrectomy was carried out, with gastro- 

jejunal anastomosis. This patient continues to complain of all 

manner of symptoms including abdominal pain, nausea, vomiting, 

dumping and heartburn and is still graded Visick IV.

The incidence of recurrent ulceration two years after 

various gastric operations including HSV is recorded in Table VÏÏ- 

Recurrent ulceration was more common after truncal vagotomy and

pyloroplasty and



TABLE

Hecurrent u lceration  at two years a fte r  various operations

Degree
of

C ertainty

HSV
(90’̂‘
p a tien tq)

TV-Î-P
(158
p a tien ts)

TVtGJ
(110
p a tien ts)

TV-i-A
(106
p a tie n ts )

Polya PG 

(99
p a tien ts)

Proved 0 4 1 0 0

Suspected 2 6 9 0 0

Total 2 10 4 0 0

•Î* Data from Leeds-"York G astric Follow-up C lin ic .

t  90 p a tien ts  were interviewed one year a fte r  HSV, and 48 
p a tie n ts , two years a fter  HSV,



tx’iuical vagotomy and gaBtrojeJirnostomy than after Mghly 

selective vagotomy, truncal vagotoniy and antrectomy or 

Polya partial gastrectomy, but the differences are not 

statistically significant#

OVERALL ABBEBSMENT OF PATIENTS* FITNESS

For this piu’pose as in the previous studies from Leeds

York' ' , we Imve used a slight modification of the Visick 

classification, udiich recognizee essentially^ four categories 

of result (Table ¥M) #

Overall Grading of Results (Modified Visick Classification)

Category

I Excellent
II Very good

Definition

in  Ba t isf ac tory

IV Unsatisfactory

Absolutely no symptoms# Perfect result#
Patient considéra result perfect, but 

interrogation elicits mild occasional 
symptoms easlty controlled by minor 
adjustment to diet.

Mild or moderate symptoms not controlled 
by care, causing some discomfort, 
but patient and surgeon satisfied with 
with result, which does not interfere 
seriously with life or work.

Moderate or severe symptoms or 
complication which interferes 
considerably with work or enjoyment 
of life; patient or doctor dissatisfied 
with result. Includes all cases with 
proved recurrent ulcer and those 
submitted to further operation, even 
tiioagn the latter may have been
followed toy considerable symptomatic 
improvement.



CategoïBs ï and H can be regarded as highly 

satiefactory aii.l they have been grouyecl together m the analyelB* 

Category W  comprises the failures^whieh include patients with 

proved recurrent u lcer, patients who have undergone further 

laparotomy because ox suspected recurrent ulceration and 

patients who have required re-operation for bilious vomiting, 

dumping etc, even though they may iiave secured a reasonabb 

good result after the second operation. Category M comprises 

patients who usually have obWned a cure of the ir ulcer but who 

are troubled by side -effects such as dumpin.g, diarrhoea, bile 

vomiting etc, which cannot foe controlled liy the exercise of care.

When this classification was applied two years after 

the various gastric operations (Table OO? a higher proportion of 

cases were found to be in categories I and II after HBl/' than after 

any of the other operations, There was not much difference 

between the x’esults of HB¥ and those of either truncal vagotomy 

and antrectomy or Polya partial gastrectomy. On the other tend, 

the difference compared with truncal or selective vagotomy and 

pyioroplastj^ was strsidngo Whereas 90 per cent of patients were 

in Yisick grades I and EC, two years after highly selective vagotomy 

oxily 61: per cent of patients after selective vagotomy and p^doro-



plasty, and 73 per cent of patients after truncal vagotomy and 

gastrojejunostomy, were in Visic.k gi'adoe I and n . There was 

little difference m the failure rates (Yisick grade lY) at two 

years, but £■ large difference was noted in the proportion of 

latiants who were in Yisick grade M when the highly selective 

vagotomy group was compared with the groups of patients who 

were treated by vagotomy with a drainage procedure. 4 to 7 .-lar 

cent of IrlSY patients were in Ylel.ck grade IE compared with 22 

to 26 per cent after vagotomy with a drainage procedure. When 

comparison is made with TY'-kP or TY-KIJ this difference is 

statistically significant (p ^0- Tl, Table DC). The tliree patients 

who have been classified as failures after IBV Include the two 

men with sue peeled recurrent ulceration who have been described, 

and a third man aged 36 years who complains of churning discom

fort in bis epigastrium, epigastric fullness after meals and 

difficulty in swallowing, Aithough he is able to continue with 

his work lie regards the outcome of his operation as unsatisfactory. 

Radiological examination by barium swallow and meal did not reveal 

any abnormality. His weight before operation was 66kg. wMch was 

close to his ideal, weight and Ms weight three years after HSY is 

6%go Hie haemoglobin both before and two years after H8V was
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Comparison oi' c i in x e a l r e s u l t s  o f HSV in  male and female p a t ie n ts

AT ONE ÏEAR

VISICK MALES
GRADING î é o f 72 1 {fo o f 18

p a tie n ts ) p a tien ts)
1 W» wtww.m.A',# ■>»>»

I 62 \
I
* 3o

f 90 I r 89
II 28 J I 39

III 6 1 11 
1

IV 4 * 0
1

AT Tm YEARS

MAÎ S

o;j

27

8

92

mmrns

(0  o f  37 I (fu o f  11 
p a t i e n t s ) p a t i e n t s )

pp

27

18

0

82

The r e s u l t s  i n  women w ere o n ly  s l i g h t l y  ( n o t  s i g n i f i c a n t l y )  

i n f e r i o r  to  th o s e  i n  men.
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Lomparisoïi of Lhe clmlcal resnlW of EOV lu maie

and lamaie patients (Table T.) shows that the results in women 

were little different from those in men.

DISCUSSION

Firstly it should be emphasmecl that the patients 

who were treated by HS¥ form a nearly-con,seentive series.

Thus5 the comparison which we have made of their results with 

those which were recorded in patients after other iypes of gastric 

operation may not foe entirely valicL .Although we believe that the 

respective sem.es of cases are very sim ilar, such a contention 

couk foe challenged. However, it seemed tons that the comparison 

was worth making, because the series of patients seemed to be 

sim ilar, the Indications for operation had not changed, and the 

method of assessment was 8tandar\i.

It has been shown that H8¥ is en extremely safe 

operation. The total number of patients treated by this operation 

for a varie of conditions in I seeds is 180 and there has been no 

operaUve mortalit^r, This is similar to the experience of Amdrup, 

(personal eommimication). who has treated more than 150 patients



by E3V without an operative death. It is perhaps not sur prising 

that HSV should be safe, because the alimentar^^ tract is not 

opened and there is no anastomosis or suture-line. Three of the 

four major arteries to the stomach are left intact, only the 

branches of the left gast. Ic artery being ligated. Thus there is 

little danger of gastric ischaemia. For these reasons it is felt 

that in the long run HS¥ will prove to ba a significantly safer 

operatio.u than pnrtial gastrectomy and marginally safer even timn 

vagotomy with a drainage procedure.

Ill the early post-operative period, gastric emptying 

seems to bs b e te  after HS¥ than after truncal or selective 

vagotomy with a drainage procedure, because the patients are 

able to driiüi fluids freely, and later to eat a normal diet, sooner 

than patients who have undergone the conventional types of 

vagotomy with drainage. Paralytic ileus, too, seems to occur less 

frequently. Like so many clinical impressions, this one could 

well be erroneous. L metheless these clinical observations are 

in accord with what would be expected from the fact that the motor 

innervation to the antrum and small intestine is preserved in 

BF¥ whereas it is cut in the performance of truncal vagotomy.



^7uiî.e the clinical recuit., after highly seloctive

vagotomy are still far from perfect, It can he claimed with

confidence that side-effects are no more frequent than those

which are recorded after any of the other gastric operations and

in some respects they are much reduced. The most .mpressive

gains have been in relation to so-called ^'post-vagotc ny*' diarrhoea,

which has been entirely eliminated, and to bile vomiting, which

has also been eliminated. Early dumping has not been aboiLdm...

entirely, but at least its incidence has been reduced conslderably.

Moreover, follow-up is still relatively brief, and the incidence of

dumping after HS¥ may well diminish further with the passage of

time just as it does after otlxor gastric operations. No jy:;tient

has een afflicted by severe dumping after HSvh We attribute

dumping after EfSY to more rapid gastric emptying, particularly

of fluids (vicie supra). This, in tarn, is probably due to loss of
0receptive relaxation in the body of the stomach after vagotomy 

of the parietal cell mass, with the result that intra-gastric 

pressure risss^^ to a greater extent after a meal is eaten than 

is the case before opération, derhaps the most disappointing 

finding after H9V was that the mcidence of epigastric fullness 

aftew meals is still In the region of 25 to 30 per cent. A high



incidence of epigastric fullness after meals had been consistently

recorded in the Gastric Follow-up Clinic in patients who had

undergone truncal vagotomy with antrectomy or with a drainage

procedure. We had postulated earlier that this was a form of

early dumping, attributable to rapid emptying of the meal into the

upper small intestine whore it produced distention and discomfort,

and we Iiad hoped that it would not be found after HB¥. However,

we imve found tiiat epigastric fullness is little if any less frequent

after llBY than after the other operations (Table U) and are

forced to conclude that the symptom is attributable to the gastric
6-9vagotomy, to failure of receptive rehixation and to the con-

10-12sequent increase in iutra-gastric pressure ‘ . The symptom 

is not particularly troublesome, however, and most patients find 

that they can avoid it altogether if they reduce the sise of their 

main meal of the day by about one-third.

It is obviously much too early to maiæ any firm 

pronouncements about the effect of JMY on nutrition, but the gain 

in weight which lias been observed in most patients is encouraging 

and the decrease in haemoglobin level at one year, while 

statistically significant, is very small. Weight loss has been a 

clinical problem in only tteee patients, one of whom Ims now



re-gained most of the lost weight. Only two patients out of 50

were found to be anaemic on© year after HBV and only one of 20 

was anaemic two years after H8V. It will be of great interest 

to observe the changes in weight, îxaemoglobin, serum iron and

vitamin B12 with the passage of time, particularly after the
13recent disturbing report bF Wheldon and her colleagues of 

a high incidence of iron-deficiency anaemia and of weight lose 

fifteen to twenty years after truncal vagotomy and gastrojejunostomy. 

So far there iiaa been no indication tiiat the Improvement 

in the clinical results after E8Y with respect to bile vomiting, 

dumping and diarrhoea has been bought at the expense of a 

higher incidence of recurrent ulceration. Indeed we have not 

found a single case of proven recurrent ulceration after HBV.

Thus, in a follow-up which ranges from one to three and a Imlf 

years the incidence of recurrence is lees timn timt which is found 

after truncal vagotomy and pyloroplasty or gastrojejunostomy. 

Lilæwise, Amdrup in Copenhagen has not found a single case of 

recurrent duodenal ulceration after 150 HB¥ operations, though one 

of his patients lias developed a gastric ulcer in assodhtion v/ith 

gastric retention. These results are encouraging^particularly 

because recurrence, if it is going to occur after vagotomy with



pyloroplasty, charactoriatlcally does so early, frequently 

in the lira i two years after operation ’ ‘a One would expect tiiat 

this would happen also after HSV. The nicer, after all, is left 

oomptetely mzdiaterbed and if tim operative procedure were 

Inadequate it would either not heal or el.oa It would recur wltMii

a short space of time. 1*?1 E8V operations with pyloroplasty
15Iiavo Ijsen performed by Holkd " ia the past seven years, with a

recurront-iileer rate of less thm  one per cent. Since gastric
16 17emptying fei satWfaetory after HS¥ without pyloroplasty''  ̂ ,

one would doubt whether the added pyloroplasty lu Holla’s

patienta contera any additional benefit in terms of diminished

gastric ataeis or diminished release of gaetrln. Hence, if tee

incidence of recurrence is low after JMV with a drainage procedure,

it should also to  low after ïlS¥ without a drainage procedure.

Finally, H8¥ in dogs has been found to conter significantly better

protection against Mstamlne-telueed ulcer than doaa selective
IBvagotomy with antrectomy' % which is m\ extremely effective anti- 

ulcer operation M man. For these reasons, although our fol'iow -̂up 

Is brief 5 v;e tlilnk teat there is already a great deal of ovMenee 

to suggest that in the long run tea ineidenee of recurrent ulceration 

after HB¥ will be low, and certainly not greater timn is found after



truncal or selective vagotomy with pyloroplasty. However, it is

obviously of crucial importance that the denervation of the

parietal cell mass should be complete. As has been stated

previously, it is quite clear that no variety of vagotomy - truncal,

selective or highly selective - can be expected to succeed if the

vagotomy of the parietal cell mass is frequently incomplete. The 
19only group to report recurrent duodenal ulceration after HS¥ 

also reported that their insulin-positive rate in the early post

operative period vms 28 per cent.

While we are not in a position to claim that the overall 

clinical results after E8V are significantly totter than those of 

truncal or selective vagotomy with pyloroplasty or gastrojejunosto

my, they certainly appear to to much tetter at this stage. 

Approximately 90 per cent of patients achieve a Visick grade I 

or n  result after HS¥ as compared with approximately 70 per cent 

after vagotomy with a drainage procedure. As can to seen from 

Table DC this 20 per cent improvement is attributable to the 

transfer of 20 per cent of patients from Yisick grade El to 

Ylsick grade I, and analysis of the individual symptoms suggests 

tliat this improvement is due to the elimination of post-vagotomy 

diarrhoea and bile vomiting and to a considerable reduction in the



incidence of early dumping* H8V has not been followed by any 

noticeable diminution in the numbers of cases in Yisick grade 

W. This failure is probably attributable to tlie selection for 

surgery of some patients who for psychological or other reasons 

were unsuitable. However, after all types of gastric operation 

the numbers of failures are relatively small and it would ba 

surprising to find significant differences at tMs stage. No doubt 

when the résulte of several thousand HBY' operations tocome 

available it will be possible to make a more valid assessment of 

whether this operation reduces the mcidence of failure.

The results of HBV at two years appear to be 

considerably better than those of vagotomy with a drainage 

procedure, but they do not seem to be much better timn those of 

truncal vagotomy with antrectomy or of partial gastrectomy (Table 

DC). Hov/ever, HBV is almost certainly a significantly safer 

operation than either of these resection procedures. Moreover, 

in the Leeds-York trial"* it was found tto t patients had lost an 

average of ten pounds in v/eight after the operations which Involved 

gastric resection. It is most unlikely that this degree of v/eight 

loss will be recorded after HBV. Lilcevd.se in the long term it 

seems reasonable to expect that the incidence of iron-deficiency

anaemia, bone disease and tuberculosis will foe less after H8V than 
after partial gastrectomy.



SUMMARY

Since January 1969, 180 patients have been treated 

In the University Department of Surgery at Leeds General 

Infirmary by higlily selective vagotomy without a drainage 

procedure. Of these, 140 were ti êated for duodenal ulceration. 

There has been no operative mortality, no need to re-operate 

for the relief of gastric stasis, and no proven recurrent ulcer.

The author has found it possible to treat 100 almost- 

consecutive cases of duodenal ulcer by HB¥. Emergency eases 

and those with established pyloric stenosis were excluded. The 

clinical results wiiich were achieved in the first 100 patients 

ti*eated hy HBV for duodenal ulcer are reviewed. Assessment 

was carried out in the Gastric Follow-up Clinic by a panel of 

doctors who were unaware of which type of operation had been 

performed until they had written down their findings and their 

collective verdict. The results after HSV are compared with those

which were recorded after other gastric operations, although it is
aX‘conceded tliat the comparison may not be/èutirely valid one because 

of possible differences in selection of patients and because the 

HBV series is largely the work of one surgeon.



The post-operative period after HSV was notable for 

the absence of gastric stasis and of ileus. Patients were discharge? 

on average ten days after operation. Serious complications were 

few in numter and not specifically related to the type of vagotomy 

wMch had been performed.

Nincbjx patients v/ere reviewed one year after H8¥ and 

48 patients two years after HS¥. Only 3 Imd lost a significant 

amount of weight and only 2 were anaemic. The incidence of so- 

called "post-vagotomy’* diarrhoea was 2 per cent after HSV, but 

more timn 20 per cent after either type of vagotomy v/ith a 

drainage procedure. TMs difference is statistically significant 

(p^O.Ol). Bile vomiting did not occur after KSV whereas it was 

recorded in more than 10 per cent of patients after all the other 

gastric operations (p <,0.01). Mild early dumping v/as recorded 

in 5 per cent of patients after HSV compared with 10 per cent after 

vagotomy with a drainage procedure and 17 per cent after 

partial gastrectomy.

Vomiting and flatulence, which would have been 

prominent symptoms after HSV if gastric emptying has been 

uîisatisfaciory, were found to ba no more frequent than after the 

other operations. Epigastric fullness after meals was recorded
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in 30 per cent of patients after liSY* which was little different 

from the incidence after the other gastric operations.

Overall assessment of the outcome two years after 

the vai'ious operations showed tliat hotter results were acMeved 

after H8¥ timn Biter any otiier operation. The differences as 

compared with truncal and selective vagotomy with pyloroplasty 

or gastrojejunostomy were large, hut compared with vagotomy 

and antrectomy or pai’tial gaati’ectomy they were email. From 

these data one would deduce that a prospective random trial of 

H8¥ against vagotomy with pyloroplasty would probably show 

a significant superiority in favour of HBY^but tte t a similar 

trial comparing E8V with either vagotomy with antrectomy or 

partial gasteectomy would imve little ciiauca of showing a significani 

superiority for any one operation, at least in the first five to 

ten years after operation. I18V is nevertheless considered to 

be a better operation for duodenal ulcer than vagotomy with 

antrectomy or partial gasti’ectomy, for several reasons. Firstly, 

the patient is less lil^ely to die of the operation. TMs point is 

particularly relevant if each type of operation were to be used m 

a consecutive series of patients, without recourse to non- 

resectional aimgery in unfit patients or in those with large,



"difficult" ulcers o In the Leeds-York tria l about 25 per cent of 

patienta were considered to be unsuitable for the randomisation 

procedure. That is, gastrectomy or antrectomy was thought to 

foe excessively hazardous. Again, certain side-ef fects such as 

early dumping and bilious vomiting are more severe after 

partial gastrectomy or antrectomy than after H8¥* There is 

reason to believe that in the long term the incidence of weight 

loss, anaemia, bone disease and possibly tubercuiosis v/ill be 

less after HSV than after procedures involving gasti’ic resection. 

The incidence of recurrent ulceration after H8V should be no 

higher tlian after truncal vagotomy or selective vagotomy with a 

drainage procedure, and failures due to recurrence or gastric 

stasis after E8¥ should be amenable to cure by the performance 

of antrectomy. In contrast,failures after gastric resection are 

much more difficult to treat, especially if failure is due^not to 

recurrent ulceration, but to metabolic disturbances or to dumping.

This clinical evaluation of HS¥ suffers from the 

disadvantages that follow-up of the patients le relatively short and 

tte t comparison of the results with those of the other gastric 

operations may not be entirely valid. A clearer picture of the 

value of HS¥ will emerge when the results of a five to eight year 

follow-up are available and when the results are published of the 

various prospective random trials which are now m progress.
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EFFECT OF TRUNCAL, SELECTIVE AND HIGHLY SELECTIVE 

VAGOTOMY ON THE RESTING VOLUME AND CONTRACTILITY 

OF THE GALL BLADDER IN MAN

It lias been shown previously that truncal vagotomy is
1 -6followed by dilatation of the gall bladder in man. Anterior

selective vagotomy, in contrast, does not produce significant dilatation
2 3 5

of the gall bladder ’ ’ , Presumably the gall bladder dilates after 

truncal vagotomy because in that operation the hepatic vagal fibres, 

which supply the gall bladder, are transected, whereas in selective 

vagotomy they are preserved. Since the hepatic fibres of the vagus 

are also preserved in HSV, one would ezcpect that HSV would not 

produce dilatation of the gall bladder.

To test this hypothesis, and to learn more about the function 

of the biliary tract after the three types of vagotomy, we measured the 

resting volume of the gall bladder, and its contraction in response to a 

normal meal, in four groups of subjects in patients with duodenal 

ulcer before operation (DU), and in patients who were in good health, 

more than one year after H8Y, truncal vagotomy and pyloroplasty (TV-fP) 

or bilateral selective vagotomy and pyloroplasty (SY+P). Completeness 

of vagotomy (of the parietal cell mass) iiad been established in each



7patient by the finding of a negative response to insulin in the early

post-operative period.

METHOD

Patients The resting volume of the gall bladder was measured in 

10 DU patients, 16 patients after HBV, 10 patients after TV-i-P and 

12 patients after BV-i-P. Details of their ages, weights, sex, results 

of insulin “tes ta more than one year after operation (if available), 

clinical (Visick) status, and of the interval between the time of 

operation and the testing of gall bladder function, are to be found in 

Table I, In the DU patients, the diagnosis Imd been made on the basis 

of a typical Ms tory and on barium meal examination. Twelve of the 

16 patients later came to operation, at which the diagnosis was confirmee 

in each case. The BY was "bilateral" in each patient, with preservation 

both of the hepatic and of the coeliac vagal fibres. The pyloroplasty 

was of the Heinecke-Micuiica variety in all except 2 patients, in whom 

it was of the Finney type. The contraction of the gall bladder in response 

to a meal was followed for 90 minutes in all 16 DU patients, in 10 of 16 

patients after HBV, 15 of 16 patients after TVfP and 4 of 12 patieits 

after BV-̂ P.

Measurement of volume of resting gall bladder, and contraction after a 

meal The gall bladder was demonstrated by means of oral
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COMPARISON OF FOU-

GROUP I  PRE-OP. ED II HICmY SELECTIVE VAGOTOm HSV i;n:

NO.

...wtaftowwi. m t /Jp » 4  ■<

AGE
AMD
SEK

" * T a * * n # w

VffilGRT
(k g .)

AGE
Am
SEX.

f e y  %'.*<

VJEICHi‘I  
(kg. )

MONTHS
POST
OP.

1 mm.

VISION
GRADE

rW»Kl«4.rPl»JilflW>-W.3t'‘lWniTtlH .I'M»

INSULIN 
TEST 

> 1 ya. 
POST-OP.

AGE
Am
SEX

1 49 M 44 57 E 54 24 I I Ef 51 M
2 55 M 63 30 M 75 22 I Irh 30 M
:5 48 M 60 47 n 67 23 I I -ve 46 M
4 53 M 64 4 l n 80 23 I I IfH 62 M
5 47 M 60 47 m 74 21 I E4 57 M
6 26 M 67 52 M 70 20 I 48 M
7 50 r-î 77 54 M 63 11 I not done 58 M
8 58 M 54 51 M 70 24 I «ve 58 M
9 47 M 61 44 M 61 29 I “Ve 35 M

10 29 M 76 36 M 78 32 I “Ve 35 M
11 65 M 64 66 M 65 19 I I not done 62 M
12 59 M 64 50 M 76 21 I I I Ith 70 M
13 65 M 56 49 M &t 17 I lA- 5 8 M
14 47 M 72 38 n 57 2.0 I I Iri- 44 M
15 60 M 68 59 M 67 15 I not done 27 M
l6 39 M 71 47 M 55 17 I Lt 48 M

49.81 63.81 48. 00 67.25 21.13 49.31

1 SEÎ.Î 2.81 2 .10 2.26 2.02 1 .27 3 . 14



R cmoups OF PATIENTS

lUNCAL VAGOTOM WtP IV BILATERAL SELECTIVE VAGOTOMY SVtP

)icm
k g . )

MONTHS
POST
OP.

VISION
GRADE

INSULIN 
TEST 

> 1 y r ,  
POST-OP.

AGE
AND
SEX

VJEIGÎIT 
(k g . )

MONTHS
POST
OP,

v i s i a c
GRADE

69 16 I -ve 36 M 71 19 II
74 45 I -ve 69 M 54 24 I
78 27 I I -ve 27 M 57 48 II
67 18 I Ir!’ 46 F 60 48 I
85 13 . II Irh 39 M 63 36 I
83 38 I E*!' 45 M 78 31 I
56 30 I I I L t 60 M 63 32 I I

63 24 I «ve 60 M 60 46 I
72 15 I I not done 66 M 56 54 I
74 20 II »ve 49 M 70 43 I I

90 13 I not done 29 M 66 63 I I
68 12 I not done 56 F 44 33 I I
62 48 I not done
72 10 I I I not done

75 42 I I I not done

75 60 I not done

Î.69 26 .94 48.50 6 1 .8 3 39.75

Î0I 9 3 .8 3 4 « o4 2 .5 8 3 .7 0

L ate-post-operative in su lin  t e s t s  were not performed in  p a tien ts a fte r  
s e le c t iv e  vagotomy and pyloroplasty .

Irk 5 la te  p o s it iv e , in  second hour; E t, ea r ly  p o s it iv e  in  f i r s t
hour a fte r  in su lin .



cholecystography. Ten hours before the examination, the patient 

ingested ttoee grams of ’Boliibiloptin’ powder In v/ater after a meal. 

Thereafter, he fasted, but took a further three grams of ’Solubiloptin’ 

in water 5 hours later. Radiographs were taken in the same x-ray 

rooxB, in a standard way, by one highly experienced radiographer.

The patient lay prone on the x-ray table, and was placed carefully 

in the same position before each exposure was made. The distance 

from the x-ray tube to the film was Imown, and the antero-posterior 

tMcImess of the patient’s body at the level of gall bladder was measured

in centimetres. These measurements permitted calculation of a
8correction factor which was later applied to the computed volume of 

the gall bladder.

Meal After the fii'st film imd been taken, to demonstrate the volume 

of the "resting" gall bladder ("resting volume"), the patient was asked 

to sit in a cliair. He then at© a small meal consisting of one slice of 

a standard white loaf of bread, ("Sunblest") with 20 grams of butter 

and one standard cup (180ml.) of tea, to which were added mille and 

sugar to taste. Two teaspoonfuls (8ml.) of tMn barium emulsion were 

eaten with the meal, so that contraction of the gall bladder could be 

timed, not from the time of eating, but from the time at which the head 

of the meal first entered the duodenum. The first teaspoonful of barium



was taken with the first moutiifiii of bread and M tter, Immediate

screening of die first 1 0  patients showed tiiat barium entered the

duodenum quickly, within Ê - 5 minutes in each case. TMs rapid

initial emptying was seen to occur both in DU patients and in patients

after TVfP and HS¥. Thereafter^ the assumption was made that

gastric emptying would be rapid, and in ail subsequent tests serial

radiographs were talœn at 15-minute intervals after the end of the

meal for 90 minutes. In the intervals between the exposure of

radiographs, the patient sat upri0;ht in a chair.

Eeproclucibxlity studies The resting volume of the gull Madder

was measured on a second occasion in 13 patients in 3 patients

with DU before operation, 8  patients after E8 V, 4 patients after TVfP

and 2 patients after 3VfP, The interval between the first and second

measurements varied from 3 to 20 weeks, with a mean of 11 weeks.

Calculation of the volume of the gall Madder The two-"dimensional

picture of die gall, bladder, giving the area, was converted to a figure

representing the volume of the gall Madder in millilitres, by means of
8the standard tables provided by Siifert de .Paula e Silva . This 

computed volume was then converted to the corrected*^ volume by 

application of the correction factor, to compensate for the magnification 

of the image on the film. The “thicker*^ the patient - that is, the



grea ter uia antero•"’posterior ^kllameter*' as he lies prone on the table - 

the g reater is the distance between his gall bladder and the x-ray film, 

and hence the g reater is the magnification produced. Thus, in a tat 

man, the volume might be obtained from the computed volume

by multiplication by 0.08, whereas in a thin man a sm aller correction 

1b needed.

The outlirr:^ of the gall bladder was traced onto imexposed x-ray  film 

with a fine-pointed ball-point psiu Contrary to expectation, little 

difficulty was ezperieiiced in deciding where Hartmann’s pouch ended 

and cystic duct began, and the two observers - radiologist and surgeon - 

were able to reach complete agreem ent on this sco re .

Uleasi rem ent of diameters of the gall bladder The method of 

Siffert da Paula e Bilvâ  consists essentially of ’’slicing’' the traced 

outline of the gall bladder into s tr ip s , each strip being 3, 5 or 8mm. 

wide o The width of each s trip  is measured with a ru le r in millimetres. 

TMs m easurem ent gives the diam eter of a cylinder, 3, 5 or 8mm. In 

height, and the volume of that cylinder is read off from the standard 

tables provided. (The assumption is made that the gall bladder is 

circu lar on cross-section). Two observers each calculated the 

volumes of the same 20 gall M adders, and the volumes which they 

obtained were compared.



Yolimies of the gall bladder in each of the 4 groups of 

patients were expressed as arithmetic means plus or mmiis one 

standard error of the mean. The significance of differences between 

groups was calculated using Student’s t«test for unpaired data.

Student’s t-test for paired data was used for calculation of the 

significance of changes in the volume of the gall bladder after the meal.

RESULTS

DU Patients - The mean resting volume of the gall bladder was 

2V 1 m l., ill 16 patients (Figs. 1 and 2, Table H). The range was 

from 15 to 36 ml. After food, the mean volume decreased to 12 ^ 2 m l., 

in the same 16 patients (Figs. 2 and 3, Table H). The mean smallest 

single volume was 10.9 i  1*4 ml. If the resting volume of the gall 

bladder is talcen as 100 per cent, themean smallest volume recorded 

after the meal was 39  ̂ per cent. The smallest mean volume

(12,5 ml.) was reached at 45 minutes, but was little smaller than the 

mean volume recorded at 30 minutes (13 m l.). The difference between 

the volumes at 30 and 45 minutes p.c. was not statistically significant 

(0 .4 }  p ^0.3). The mean volume of the gall bladder increased from 

12 to 14 ml. between 45 and 90 minutes. This increase was not 

statistically significant (0.1 ^p ^0.05).



TABIE I I

VOLOiVE OF OHE GALL BLADHER IN SIXTEEN PATIENTS
—  ' ' i —— ■ii~* in ■ *  I’ll.» iiTi ill j  in i I ! » ■ i ip >11 ■,>,niw i.,i.in «uifciiMi» .n -n fiiaMitfa'T:i_ _i uT.nut ffi'^rMi* p im i iji iu jm  w_l^

WITH m o n s m L  ulc e r  b efo r e  o pe r a t io n , s^ iow im  k e spq n se  to a i>mL

(ml. )

PATIE/j; NAME AGE WEIGHT RESTING 13 50 45 60 73 90NO. AND
8EX

(kg. ) VOEUm mills. mills. mins 0 mins. mins. mins.

1 R3. 49 M 44 29.4 21.7 8.2 6.6 8 .4 15.9 8.8
2 R,M. 33 M 65 25.0 11.9 7.4 6,2 7-5 9.9 8,4
:5 K.B. 48 M 60 25.4 16.3 10.8 10.7 10.3 14.3 15.5
4 N.S. 35 M 64 28.6 15.4 12.4 15.2 10.9 15.7 15.7
5 S.So 47 M 60 14.5 15.8 9-8 8,0 12.7 15.0 15-9
6 T.W. 26 M 67 55.9 50.9 28.8 27-4 27.9 29.0 25.8
7 A.W. 30 M 77 27.2 17.3 11.9 11.3 12.2 15.8 13.2
8 A,P. 38 M 34 24.7 19.7 15^4 9.6 12,5 17.6 19.3
9 K.R. 47 M 61 52.9 21. u 21.0 28.5 20.2 24.1 52.1
10 P.C. 29 M 76 52.0 18.4 15.0 13.7 19.1 13.5 12.4
11 H .T . 65 n 64 56.5 25.7 18,9 20.2 20.6 24.1 20.5
12 H .T . 39 M 64 25.8 14.1 11.0 8 .6 8.3 8 .2 9-0
15 J.W. 65 M 56 27.9 14.3 10.5 6 .6 6.5 15.2 12.8
14 C.M. 47 M 72 25.3 9.9 608 5-4 8,7 9.0 8 .4
13 T .L . 6', M u8 52.3 19.5 11.6 8 0 11.9 9.7 9.5
16 G.P. 59 M 71 22.2 12.7 10.5 10.7 11.3 7.5 7-3

MiiN 49.81 65.81 27.53 17.61 12,98 12,47 15-08 15.14 14.42

± 1 SEM 0 c « 81 2.10 1.58 1.51 1.42 1,80 1.47 1.53 1,68

Note that the mean volume diminished very little after minutes.
The Increase in volume between 4b and 90 minutes is not statistically 
significant (t = 2 .039  ̂ 0.1  ̂  0.05).



GALL BLADDER VOLUMES AFTER 3  TYPES OF VAGOTOMY.

RESTING
VOLUME

(ml)

DU HSV TV+P SV+P
P re-op

>0 7 <0 01 >0 9

1 Eeating volume of the gall bladder is  showup for each 
patients norisîontai lines indicate arlWimetic mean, 
T raueal ¥-î'P is followed by significant dilatation, of the 
gall Madder: 8¥-hP and E8V a re  not, though the gall 
bladder is  dilated in a few individuals after these 
procedures »



GALL BLADDER CONTRACTION AFTER A MEAL.

40.
VOLUME

OF
GALL

BLADDER
(ml)

0-1

Resting
Volume Minutes

There is no im pairm ent of gall Madder contraction 
after TVfP or IIBV. Even after ma^dmal contraction, 
the volume of the gall bladder in patients after TVfP 
is g rea te r than in patients after HSV or in pre~ 
operative DU patiente «



GALL BLADDER CONTRACTION AFTER A MEAL.

GB
VOLUME

%
OF

RESTING
VOLUME

80.

60. HSV
DU
TV

20

^ m o
Resting Meal 
Volume

15 30 45 60 75 90
Minutes

Figo 3 Coatractilily ox the gall Madder in response to a  meal 
is not impaired after truncal yagotomy^ and also not 
significantly im paired after HBV.
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Patients after HSV - The mean resting volume of the gall bladder
nil —> '«ywi'pfrnv i TnuniBwi^ajawifT»̂

was 28 p 2 m l . , in 16 patients. The range was from 13 to 46 m l . , or 

from 13 to 60 m l. if the resu lt of the second te st in a  reproducibility 

study is included (Figs. 1 and 2, Table HI). Two of the 18 patients liad 

gall bladder volumes g rea te r than 40 m i. (44 and 46 m l.). After the 

meal; the mean volume decreased from 27 p 2 m l. to 14 2 m l . , in

10 patients. The mean sm allest volume (regardless of when it occurred) 

was 11.7 1.4 m l. ; 46 ^  8 per cent of the initial volume. The

sm allest mean volume was recm^ded a t 45 and a t 75 minutes, but 

as in the p r8«operative DU patients, the sm allest mean volume liad 

alm ost been reached by 30 minutes (Table in ). Between 45 and 90 

minutes, mean gall bladder volume increased îjy only 0.9 m l., from

14.5 to 15.4 m l. The resting volume of the gall bladder, and its 

contractility in response to food, were not significantly different in 

patients afte r HS¥ from those which were found in DU patients before 

operation (Table VI).

Patients after TV-nP The mean resting volume of the gall bladder 

was 43 2^4 m l., in 16 patients. Volumes ranged from 15 to 84 m l , , 

and 7 of the 16 patients had gall bladder volumes g reater than 40 m l. 

After the m eal, the mean volume decreased from 40 ^  4 to 17 ^  2 m l., 

in 15 patients (Figs. 1 and 2, Table IV). The mean sm allest volume, 

regard less of when it occurred, was 14.4 -h 2 .2  m l., 33 -h 3 per cent



of the resting volume. The sm allest mean volume was recorded at 

45 minutes (Fig. 2). The mean volume decreased from 19.2 m l. a t 30 

minutes to 10.9 m l. a t 45 minutes, then increased again to a  mean of

20.5 m l. a t 90 minutes. The decrease in volume between 30 and 45 

minutes, and the subsequent increase ixi volume between 45 and 90 

minutes, were both statistically  s%nificant (p ^ 0 .0 5 ).

The resting volume of the gall bladder was significantly 

(p/^0.01) g reater after TYh-P tlian in DU patienta before operation.

It was also g reater than in patients after BBY (p^O .O l) or SVfP 

(p ^0.02} (Table \T). Also, the two consecutive lowest volumes 

attained after the meal, in patiente after TV fP, WŒo protebly 

significantly g reater tlian the two consecutive lowest volumes in DU 

patients or in HSV and SVH'P patients combined (p< 0 .0 5 , Table VII). 

Patiente after BY‘fP The mean resting volume was 27 j; 4 m l., in 

12 patients. The volumes ranged from 8 to 53 m l. (Fig. 1). 3 of the 

12 patients had gall bladder volumes g reater than 40 m l. Contractility 

in response to food was m easured in only 4 patients, in whom the mean 

volume decreased from 41 h- 5 to 8 2 m l. (Fig. 2, Table Y). The

mean sm allest volume was 18 ^  4 per cent of the resting volume.

The sm allest mean volume was recorded a t 60 m inutes. The resting 

volume of the gall bladder after BY vras not significantly g reater than



TABLE VI

COMPARISON OP RESTING VOLUMES OF TRE GAIL BLADDER

I N TH.E FOUR GROUPS OF PATIENTS s 

(b y  means o f  S t u d e n t t  t e s t  f o r  u n p a ire d  d a ta )

GROUPS
COMPARED

group 1 of gi’oup 2

RESTING VO: 
(riEAN + 

group 1

UlME (nil.) 
1 SEM) 
group 2

DEGREES
OF

FREEDOM
t P

TV cf DU ±  4 .4 27.4 + 1 .4 30 3.439 < 0.01

TV of HSV 43.1 + 4 .4 28.3 + 2.5 30 2.946 ^ 0.01

TV of SV 43.1 + 4 .4 27.5 1 3.7 26 2.608 (0.02

(DÜ+ 
TV of HSV+ 

SV)
43.1 ±  4 .4 27.7 + 1 .4 58 4.388 (0.001

DU of HSV 27.4 + 1 .4 28.3 + 2.5 30 0.335 0.8^ p ̂  0.7

DU of SV 27.4 + 1.4 27,5 ± 3.7 26 0.029 >0.9

HSV of SV 20.3 + 2.5 27.5 + 3.7 26 0.196 > 0 .8

The g a l l  b la d d e r  i s  s i g n i f i c a n t l y  d i l a t e d  a f t e r  t r u n c a l  vagotom y (TV) 

and p y lo ro p la s ty ^  com pared w ith  th e  volum es re c o rd e d  i n  p r e - o p e r a t iv e  

p a t i e n t s  w ith  du o d en al u l c e r  (DU). R e s t in g  volum es o f  th e  g a l l  b la d d e r  

in  p a t i e n t s  a f t e r  s e l e c t i v e  (SV) and h ig h ly  s e l e c t i v e  vagotom y (HSV) 

a re  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from th o s e  re c o rd e d  i n  p r e - o p e r a t iv e  

DU p a t i e n t s .



that of pre-operative DU patients (p^ 0 .9 , Table VI) and eontractility 

was unimpaired m the 4 patients in whom it was m easured.

Eeproduclbility of m easurem ent of resting volume Good agreem ent, 

within 20 per cent, was obtained in 7 of the 12 pati nits. Reproducibility 

was poor in 5 patients (Table VM). The difference between the paired 

m easurem ents averaged 21 per cent of the f ir s t  m easurem ent. The 

mean difference in volume between f irs t and second tests was 7.5 f

1.9 mL

Correlation between measurements made by two observers The 

mean (uncorrected) resting volume recorded by the f irs t observer 

was 49.0 T 4 .8  m l., in 20 patients, and that recorded by the second 

observer in the same patients wr>..i 48.7 4 .7  m l. (Table DC). The

mean difference was 0.77 ^ 0.18 ml*, 1.5 0 .2  per cent of the

value recorded by the f irs t  observer.

BIBGUBSION

Effect of the ttoee vagotomies on gall bladder siae and emptyiig 

The '^resting volume’̂  of the gall bladder was found to be significantly 

larger (p^O .O l) In patients who had undergone TVfP than in patients 

with duodenal ulcer before operation* After HSV or B¥-kP, the gall 

Madder was not dilated, on average, although a few individual patients



were found to have dilatation of the gall bladder. TMs may have been

due to inadvertent damage to the hepatic fibres a t the time of operation
5 9and lias been noted previously in an occasional patient after SV ' .

Our findings confirm those of previous w orkers who reported that the

gall bladder was dilated after TV in man , and timt it is not dilated
2 3 5

after SV ’  ̂ . We have added the new information timt the gall bladder 

is not dilated a fte r HSV, wMch was the expected finding, since H8¥ 

preserves a ll the structu res which are  preserved by SV. The gall 

bladder has îieen shown to dilate progressively in the course of the 

f irs t  year after T ¥^, which may explain why a  few authors^^ ' who 

m easured the volume of the gall bladder less tlian a  year after TV, did 

not find significant dilatation.

As is  evident from the data presented in Table Î, matching 

of the four groups of patients was not perfect. M particu lar, patients 

after TV*i*P v;ere heavier on average than pre-operative patients, and 

the in terval between operation and m easurem ent of gall bladder slae 

was longer in patients afte r 8V+P tlmn in patients a fte r HSV or TV-^P. 

F urther defects of the study a re  that patiente were not tested both 

before and after operation, and that reproducibility of the m easurem ent 

of gall bladder volume left much to be desired (Table Yin), the volume 

recorded on the second occasion differing from  recorded on the



f ir s t  occasion by an average of 21 per cent. In addition, although the 

method of de Paula e Silva which we used is the standard method, 

it too must involve some degree of e r ro r , particularly with regard 

to the correction factor, whose magnitude depend:- upon an estim ate 

of the distance between the gall bladder and the radiograpMc plate. 

Despite these d raw tecfe, the difference which we have found between 

gall bladder volumes after T¥*i-P and those in the other three groups 

of patients is indeed strildng. It would seem reasonable to ascribe 

it to the operative procedure itself, ratiier tlian to imperfections of 

the methoL.

WMle it has been stated that the volume of the gall bladder
2 ^

approximately doubles after TV in , our own findings a re  more

iîx keeping with those of Krause and Mb coileagues, v/ho reported timt 

the mean volume of the gall bladder in 13 patients was 33 ml. before 

operation and 40 m l. after TV with a  drainage procedure^. As in 

our own study, the increase in sise of the gall Madder varied widely 

from patient to patient, and was leas than 10 per cent in 3 of the 13 

patients and less tlmn 2 m l. in 4 of the IS. If an arb itra ry  figure of 

37 m l. is taken as the upper lim it of normal for gall bladder volume 

(Fig. 1), 9 of our 16 patients had dilated gall bladders after T¥-î'P .



Although on average the resting volume of the gall 

bladder seemed to be significantly greater a fte r T¥-fP, contractility 

after a meal was unimpaired (Figs. 2 and 3). Timt the vagaiiy-

denervated gall bladder contracts vigorously in response to the
1 10 12 13presence of fat in the intestine iias been Imown for many years '  ̂ .

This is explicable on the grounds that conti'action is due mainly to the 

release  of cholecystoMnin^^. However, the sm allest mean volume 

which the gall bladder attained after contraction (14.4 m l.) in patients 

afte)? TV^'P was s till la rger than the volumes wMch were recorded in 

patients before operation (10.9 m i.) or in patients after HSV (11.7m l.). 

The difference (DIÎ cf TV) was not quite significant (0 .2 )  p ) 0.1), 

but if the two consecutive lowest volumes attained in each test a re  

compared, the difference is just statistically  significant (DU cf TV; 

p <0.05 : DU cf [h sV + 8 v ]  , p < 0 .0 5 , Table VD). That the

volume of the gall bladder is much increased afte r TV, even after
2 5contraction, has been noted previously  ̂ . Thus, the residual 

volume of bile in the gall bladder after contraction is probably increased 

significantly after TV. This may predispose to the subsequent formation 

of gallstones.

Other differences were found between patients who had 

undergone T¥*.^P and the other groups of patients when the characteristics



of gali bladder contraction in response to the m eal were analysed.

Maximal or near-m axim al contraction of the gall bladder had taken

place by 30 minutes in pre-operative patients and in patients after

HBV, whereas further significant contraction (p<0.05) took place

between 30 and 45 minutes in patients after TV>P (Fig. 2). L ater,

between 49 and 00 minutes after the meal, the volume of the gall

bladder increased significantly (p ^0.05) in the TY-^P group of patients,

but in no other group. Those resu lts  a re  in agreem ent with those of

Snaps , who found that in dogs with duodenal and gastric  fistu las, the

latent period between the introduction of casein or oleic acid directly

into the duodenum and contraction of the gall bladder increased from

2 to 3 minutes before vagotomy to S to 10 minutes after TV. Glanville 
10and Buthie showed that there was no significant increase in the volume 

of the gall bladder between 45 and 90 minutes after a  fatty meal in 

norm al subjects or in patients with duodenal u lcer before operation, 

whereas in patients after TY>P the volume of the gall bladder 

increased significantly. The la tter study was also  of in terest for 

its demonstration timt gall bladder aiae and contractility were the 

same in pre-operative patients with duodenal u lcer as in normal 

subjects. Glanville and Butiiie found no chaise  in the rate  of 

gall bladder emptying after TV when contraction was timed from the



10passage of the meal through the pylorus . Since we do not Imow 

e^saciiy when, in the f irs t 15 minutes after the m eal, the head of the 

meal entered the duodenum in our subjecte, we a re  unable to tell 

whether the longer time taken to reach a  nadir of volume in patients 

after T¥VP represents a  significant difference or not. The difference, 

compared with the time taken in pro-operative patients and in patients 

after HS¥, could have been due to slower gastxTc emptying after TVfP, 

though it must be added tto t we tliinl^ such a possibility to be rem ote, 

because elsewhere in the thesis we show timt gastric  emptying both 

of fluids and of food-and-barium is faster afte r TV*hP tlian after H8V 

or tlmn before operation.

At this point, discussion of our resu lts  is complete, 

but before finishing it seem s relevant to sum m arise briefly the 

literatu re  on the effect of vagotomy on bile flow, on the composition 

of bile, on the absorption of fat, and on the chances that vagotomised 

patients will subsequently develop gallstones.

Effect of vagotomy on bile flow and composition

Btimulation of the vagi leads to an increase in bile flow
17 16 17 18and to an increase in the solid content of the bile , in dog  ̂ and m an .

It has been shown in the dog timt much of the choleretic effect of vagal



I  ft
stimulation is attributaMe to vagal release of gastrin  , ra ther

than to a  d irec t effect of the vagi on the liver. Truncal vagotomy in
17 22 23the dog leads to a  diminution in bile flow ' and to a change in

22-2^^the composition of the bile, such tliat it is more Uthogeme'"

After truncal or selective vagotomy with a drainage
11 25*31procedure, the mean output of faecal fat increases significantly '

The increase is as g reat after selective vagotomy as after truncal
11 30 29 31*33vagotomy  ̂ . According to some ^ , vagotomy alone does

not lead to a significant increase in the output of faecal fat^vheroas
2 5 27others find that It does '  ̂ . Pyloroplasty alone in dogs gives rise

81to a significant increase in faecal fat output . If vagotomy is added
31 33to pyloroplasty or gastroenterostomy* , the output of faecal fat

increases s till further. Hence it would be untrue to say tiiat the

increase in output of faecal fat after vagotomy with a chrainege

procedure is entirely attributable to the draii^ige procedure; to th  the

drainage procedure and the vagotomy contribute to the increase.

M icellar fat formation in the sm all intestine was found to foe severely

altered afte r truncal vagotomy with a drainage procedure and this

was no doubt due to the diminution in the concentration of bile acids
34and decreased pancreatic lipaae activity which were also observed .



As a resu lt, m creaeed concentrations of intraliimiiml fat were found
34in the distal sm all intestine ‘ *

The resu lts  obtained by previous w orkers a re  more

confusing and conflicting than is suggested by the above outline,

which indicates m erely the trend of the evidence* For eimmpie,

although the careful work of Baldwin and Ms colleagues strongly
18suggests that insulin-hypoglycaemia stim ulates bile flow in man ,

35I/iedberg did not find that bile flow was stimulated by insulin

hypogiycaemia in two patents with total biliary fistula* The fact

that they both had pancreatic carcinoma, whereas Baldwin et al*s.
18patients had been operated on for gallstones, may explain why the

fmdlnge were different. Tiiere seem s to he no doubt^however, that

both truncal and selective vagotomy with pyloroplasty a re  followed by

steatorrhoea. As already sMted, the loss of fat seem s to bo no leas

after selective vagotomy than after truncal vagotomy. While it ims

been suggested that the amount of fat lost in the stool is insufficient

to produce nutritional deficiencies" , it is noteworthy that in 21 of 84

patients after truncal vagotomy;- and gastrojejunostomy, faecal fat
26losses were found to be g reater tlian 10 gram s per day , Such 

ateatorrhoea may well be accompanied by excessive lose of fat-soluble 

vitamins and of iron, calcium and magnesium, which could lead to



weight loss, anaemia and skeletal problems in the long te rm , T ils

r isk  is m ore than theoretical, because Wiieldon, Venables and 
37Johnston have recently reported the finding of a high incidence

of weight loss, iron-deficiency anaemia and tnbere rl.osis ir patients

15 to 20 years after truncal vagotomy and gastrojejimostomy*

There a re  thus at least three reasons why biliary

function, and the digestion and absorption of fat, should be bettex*

after HSV than after TV^-P. F irstly , HSV preserves the vagal nerve

supply to the antrum* G astrin release in response to vagal stimulation
17-21will produci a choleresis . After TV'J-P, such a mechanism is 

lost* Secondly, a drainage procedure is unnecessax'^? with HBV, and 

ill consequence of the batter-regulated gastric  emptying, it can be 

expected that sm aller amounts of fat and of other nutrients will foe 

lost ill Ü10 faeces^^^"*^ Finally, preservation of the vagal nerve 

supply to the biliary trac t should prevent the dilatation of the gall 

bladder, diminished bile flow and altered composition of bile w IlI c Ix 

have been shown to follow truncal vagotomy* Admifedly, the changes 

in bile flow and composition have been demonstrated only in the dog, 

and not in man, and further study of these factors In man is indicated. 

Effect of vagotomy on gallstone formation The formation of gallstones 

is favoimed by stasis  of bile, infection, and alteration in composition



3 8of Mie Buch that the ratio  of cholesterol to Mle acids is Increased * 

Since truncal, vagotomy leads to an increase In the volume of the gall 

bladder {both ^Teathig'^ and after a meal), and to a diminution in 

bile flow, it is probable that it produces some degree of biliary Bta,sis 

compared with the state of affairs which exists before operation.

Our findings suggest tiiat HB¥ is followed by little  change in the 

si^e or eontractiliiy of the gall bladder* Thus» on the evidence 

availa-ble to date, E8V would seem less lilmly to produce stasis 

than is TV*
23It has been shown by Cowie and Clark * that truncal

vagotomy and pyloroplasty almost abolishes bile flow in response to

a fatty meal in cholecystectomised dogs, and also leads to a large

increase in cholesterol concentration in the bile, with a concomitant

large decrease in the concentration of phospholipid * There was also
23a slight decrease in the concentration of cholate ‘ * These clianges 

make the bile potentially more lithogenic. Increase in the viscosity

and particulate content of gall bladder bile had been noted previously
2/1

after truncal vagotomy in the dog and in the same study the wall 

of the gall bladder was found to be thickened and infiltrated by chronic 

inflammatory cells* Such studies will have to be repeated in dogs 

after H0¥* However, since HB¥ keeps intact both the hepatic vagal



xibraEy and tue autro«pyloro-aiioâeaai aeguient which ia the source

o£ uormoD.ea aaeh as gastrin , secretin  and ciioiecystokiviln - âü  of

wMcU have been shown to stim ulate Mle - th e re  aeems

good reason to believe that HSV will be followed % loss cliange in 

the flow and composition of bile than is TV.
.41

The observations of Krause " indicated that the incidence

of gaUetones in patients with peptic ulceration wlio do not undergo 

surgery ie much the same as the incidence in the norm al population.
4* 42-<Sf|

Several recen t reports  ' " have suggested that an increased

incidence of gaUeto \bb follows TV in  man. Though a ll are inconclusive,
4

the paper by C hive and Gas par ' is particular ](y im pressive. These 

authors performed clxolecyatograpl'xy In 92 patients afte r TV-i-F, and 

founi timt no fewe.e than 01 patiente (23 par cent) had evidence of gall 

bladder d isease. Fourteen of the 21 had gallstones and 7 had a. non- 

funetioniufygall bladder. Fourteen of the 81 positive x^-ray studies were 

obtained in the f irs t 4 years a lte r operation. Of 65 patients who had 

both a normal, clxoleeyetogram before operation ariJ a gall bladder that 

V  t normal to palpation at the time of operation, 84 per cant were 

la ter found to have evidence of gall bladder cUaeaeo. This developed 

within the f irs t few years after operation, affected youxigor patients on 

average than those who usually develop gallstm ies, and the  customary



fem ale«to-male predominance was reduced alm ost to a  1 : 1 ratio* 

Obviously, this study is open to criticism ; no control group was

analygied: assessm ent of the gall bladder by palpation a t operation may
45give misleading re su lts . As Flatcher and C la rk c o n c lu d e  in their 

careful review of the topic, proof io lacldng that truncal vagotomy 

leads to gallstone formation. Monetlieless, there  is good evidence 

that truncal vagotomy causes the gall bladder to dilate, bile flow to 

diminish and the bile to become m ore lithogenic in composition. When 

this information is considered in conjunction with clinical reports 

suggesting that truncal vagotomy predisposes to gallstone formation, 

the case against truncal vagotomy becomes m ore convincing. On the 

basis of the circum stantial evidence a t present available some surgeons 

might now feel tliat until truncal vagotomy is proved not to predispose 

to gallstone formation, it might be preferable to preserve the vagal 

fibres to the biliary system , by performing selective or h%hly 

selective vagotomy. To do so cannot do to rm  and might do some 

good. Obviously such a decision would also be influenced by whether 

the surgeon thinks that selective or highly selective vagotomy is  as 

effective ae truncal vagotomy in curing the duodenal u lcer.
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t a h c æ : v T i i

m s T im  v o n m s o f  the  g a ix  b la d k ers

KESULTS OF PAIiPFD TESTS IN HiE SMÜZ PATIENTS

NO. mm GROUP TB'IE INTERVAL 
HETvJEEN 
TESTS 
(weeks)

1.
vol. a1 
1st tef 

ml.

1 G.M. DU 3 23.48
2 T.L. DU 3 32.48

3 H.F. DU 8 24.67
4 E.L. HSV 11 18.91
5 N.K. HSV 29 36.41
6 A.W. HSV 10 28.43
7 T.C. 3V 29 33<*0'j
8 F.I-L SV 8 41.96
9 J.Y, TV 8 37.07

10 G.U. TV 9 7 4. Op
11 R.H. TV 8 38.23
12 L.B. TV 10 34.15

r-îEAN 11.33 wks. 36.91
±
1 SEM 2 . 4 9 4.28

2,
v o l * a t  
2nd t e s t  

rnlo

24 .76

30.57
26 .75

26.50
60.31
32.79
41.87
29.82
4 2 .1 6

67.05
48 .92
31.18

3 8 . 3 6

4 .0 1

DIFFER
ENCE

m l.

1.28
1.91
a.08
7.59

23.90
4.^4
11.19
12.14

5.09
7.01

10.67
2.97

7.51

1.85

DIFPEKENOE : 
PER CENÏ OF 
VOnWE AT 
FIRST TEST

5.45
5.88 
8.43

40.14
65.64
15.25
21.09
28.93
13.73
9.47

27.90
8.70

20.88

5.13



TABLE EC

CORRIiCLATlON BETWEEN RESULTS OETAE@D BY 2 OBSERVERS 
WHO IVIEASUREP THE SAfE 20 GALE BLADDERS 

(uncorreoted volumes - before application of correction factor)

NO. (1 ) 
(ml. )

(2) 
(ml, )

DIFFERENCE 
(ml. )

DIFFERENCE-— — ---- PER CEh
VOLUME (1)

1 41.02 39.67 1.33 3.29
2 59.98 39.67 0 « 9I 0.32
3 96.06 93.80 2,26 2.33
4 87.91 87.23 0,66 0.75
5 37.97 37.02 0.93 2.30
V.) 48.79 47.77 1.02 2.09
7 42.72 43.43 0,71 1.66
8 63.88 64,50 1.38 2.09
9 37.68 38.42 0.74 1.96

.10 3U .09 36.39 0.30 0.83
11 19.31 19.31 0.30 0.0
12 11.42 11.46 o.o4 0.33
13 31.71 31.99 0.28 0.54
14 60.09 61 •  64 1.33 2.58
15 37.69 36.98 0,71 1,88
16 23.03 22.43 0.58 2.32
17 38,36 38.69 0.13 0.34
18 67.77 60.43 1.34 I.9S
19 68.90 69.42 0.32 0.73
20 46.40 47.03 0.63 1.36

m A N
"I"

48.96 48.68 0.77 1.320

1 SE 4.79 4.73 0.13 0.21
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CHAPTER 16

TREATMENT OF GASTRIC ULCER

BY mOHLY SELECTIVE VAGOTOMY

WITHOUT A DRAINAGE PROCEDURE



TREATMENT OF GASTRIC ULCER BY-HIGHLY SELECTIVE 

VAGOTOMY WITHOUT A DBAIMAGE PROCEDURE

Provided that Ms uicor could be induced to heal and Ms 

stomach to empty satisfactorily , the patient with a  gastric ulcer 

would probably he batter off with Ms pylorus tiian without it; better 

with Ms whole stomach than bereft of Imlf of it . Encouraged by om’ 

resu lts  with highly selective vagotomy for duodenal u lcer we treated 

19 patients who had benign gastric u lcer without evidence of gastric 

s tas is  by h%My selective vagotomy without a  drainage procedure (HBV). 

Compared with Billroth I gastrectom y, HSV should have a  lower 

operative m ortality, produce fewer side-effects such as dumping, and 

foe followed by less weight loss and anaemia in the long term .

PATIENTS AND METHODS

Patients Full details a re  given in the Table. Of the 19 patiente,

16 were male and 3 were fem ale. Many were underweight. Fourteen 

patients iiad gastric u lcer alone, and five had gastric ulceration plus 

scarring  of the duodenum. The duodenal u lcer appeared to foe active in 

only two patient». Most of the patients with gastric u lcer alone had 

received full medical treatm ent, including carbenoxolone sodium, and



were re fe rred  for surgery either because the u lcer had failed to heal 

or because it had recu rred . One patient was operated on as an 

emergency for haem atem esis. Thirteen of the ulcers were situated 

near the incisura angularis or more distally, two were in the middle 

of the le sse r  curvature and four were in the upper third of the stomach. 

At the time of operation, 15 of the 19 ulcere were found to be active, and 

4 hSLcl healed. Initially, for technical reasons, only a few selected 

patients with gastric  u lcer were treated by B W , but witli increaaing 

experience it was found possible to trea t all patiente in this way, and 

the last 14 patients form a  consecutive s e r ie s .

The possibility of u lcer-cancer was excluded in each patient 

by the use of a combination of te s ts :-  barium meal eam ination , 

fiberoscopy, studies of acid output and finally by excision of the ulcer 

with frozen section eisamination by an experienced pathologist a t the 

time of operation. Cancer was not found unexpectedly a t frozen section 

eisamination in any other patient with gastric  u lcer.

The possibility tliat the gastric  u lcer had a risen  as a resu lt 

of gastric  s tas is  was excluded by clinical methods, supplemented by the 

Information obtained from Mrium meal e^samination and by m easurem ent 

of the volume of resting juice in the stomach at the s ta r t  of pre-operative 

tests of gastric  secretion . At operation, the absence of pyloro-duodenal



narrowing was confirmed in each patient by the passage of a finger or 

H egar’a dilators through the pylorus and proximal duodenum.

Tests of G astric Becx^etion

(1) Spontaneous acid output (BAG) and maximal acid output (PAO )

Before operation, spontaneous acid output (in one hour) and the response

to intram uscular pantagastrin , in a dose of 6 ug per kg body weight,

were measured in 17 patients. The pantagastrin response was

expressed as peak acid output (PAO" -  output in the peal?: 20-minute
‘0{̂

period x 3, in mEq per hour). M easurement of BAG and PAC'* was 

repeated 4 to 8 days after operation in each patient. The dose of 

pantagastrin used then was 10 ug per kg body weight '.

(2) Response to meat extract (0X0)*^^ This test was used as 

a m easure of the activity of the gastric  antrum . G astrin release was 

stim ulated by placing 100ml of 0X 0 solution a t pH 7 and room temp

erature into the stomach via a naso-gastric tube. Nine patients, all

of whom had gastric  u lcer alone, underwent this test before operation.
QjrQ

Acid output was expressed as PAO (peak 20-minute acid output x 3 -  

mEq per hour).
6(3) A performed 4 to 8 days after operation

In 17 patients, and omitted in two on account of age and cardiovascular 

disease. The dose of insulin used was 0.2 units per kg. Venous blood



sam ples withdrawn SO and 45 minutes after the Insulin injection

established that blood glucose concentration had decreased to lees than
T

35 mg per iOOml in each te st. Acid output was expressed as PAG 

(peal?: 30-minute output z  2).

The methods used in these tests have been described in 

previous chap ters. Titration was to the pH 7 end-point, but BAG was 

also  expressed as acid, with titration to pH 8 .5 ,

Clinical Result This was judged a t the G astric Follow-Up Clinic by 

a panel of observers who were kept in igxxorance of the pre-ops rative 

diagnosis or of the type of operation which had been performed, until

they iiad written down their collective assessm ent in accordance with a
7 8modified Visick classification ' . Yisick grade I signifies a perfect 

resu lt; II, near perfection with only triv ial side-effects easily controlled 

by care; W  means failure due to recu rren t ulceration or severe side- 

effects, while HI signifies a eatiefactory resu lt with freedom from ulcer 

pain, but somewhat m arred  by side-effects which cannot be entirely 

avoided. No form al assessm ent v/as attempted in eight patients who 

were follov/ed up for less than nine months. Their clinical progress 

has been satisfactory to date.

Barium meal eam iuation  was carried  out in each of eleven patients 

who Inad been followed-up for a t least nine months after operation.



operative Tectoique The technique of highly eelectlve vagotomy 

v/ithout drainage for duodenal iüce.r has been described previously in 

detail. The presence of a gastric ulcer poses special problems, 

firstly  because the ulcer is usually close to the an tra l neiwes (nerves 

of Latarjet), which must be preserved, and also  because it must be 

excised and submitted to frozen section eJiamination to exclude the 

possibility of malignancy. At f irs t, these factors deteri'ed us from 

using E8V in any but the occasional case of gastric u lcer, but with 

increasing experience we have found it possible to trea t a ll cases of 

gastric  u lcer in this way. A trans-gastric  approach to the u lcer via 

an appropriately «sited gastrotomy incision is preferred  (Fig. 1), 

because it is difficult to excise the ulcer from  outside the stomach 

without damaging the nerves of L atarjet. The entire u lcer, together 

with a disc of surrounding mucosa, is excised with the diathermy blade 

or scalpel. The fibrous base of the ulcer was usually so thick that 

the stomach wall was perforated during this manoeuvre in only 6 of the 

19 cases. Bleeding was controlled by deeply-placed interrupted catgut 

su tu res. The gastrotomy incision is made longditudinaily and is placed, 

whenever possible, in the proximal tliree-quarters of the stomach, wiiicli 

is to be vagally-denervated. The incision is closed longditudinaily. In 

the case of an ulcer that is d isW  to the incisura, the gastrotomy has



ulcer in situ

1 4 /

excision 
of ulcer

Fig. 1 i.ialignancy is excluded Dy complete excision of the ulcer 
via a longJitudlnal gastrotomy, followed by immediate 
frozen section examination of tlie specimen.



to be made in the an tral region, on whose motility?' gastric  emptying will 

depend. The incision should then be placed, not in the middle of the 

an terior gastric  wall, but along the g reater curvature, so that denerva

tion of the inferior Imlf of the anterior wall of the antrum may foe 

avoided. Again the incision Is closed as it is made, longditudinaily.

Edge-to-edge apposition io the aim, without inversion. Oedema and 

fibrosis around the ulcer often obliterate the normal plane of dissection 

between the le sse r curvature of the stomach and the le sse r  omentum 

which contains the nerves to the antrum . This problem can ba overcome 

by the use of a combined approach, from the front and from the le sse r 

sac after mobilisation of the greater curvature, and by the ligation of 

tissues in continuity with transfisd.on su tures, placed close to the wall 

of the stomach. A finger, or a H egar's dilator, ie passed through the 

pylorus into the second part of the duodenum, and if the "pyloric
9channel" does not admit the distal finger-joint or a 14mm. dilator , 

some degree of obstruction to the gastric outlet m ust foe suspected. In 

these circum stances it might foe advisable to iesort to gastric resection 

or to vagotomy with a drainage procedure instead of HSV. Stenosis was 

found in only one of our patients and was treated by simple digital 

dilatation.

The length of pre-pyloric stomach left innervated ranged from



5 to 8 cm . Operating time varied from 60 to 150 minutes, with a mean 

of 110 minutes.

Clinical

(a) The patients’ convalescence was without

incident and none developed gastric retention. The mean length of stay 

in hospital after operation was 12 days.

(b) Follow-up The patients have farad well since their
w nw  M"#"* *H r« mmx Mvm-

disctorge from hospital, Of the 11 who have been followed for more 

timn nine months, 3 a re  in Visick grade I, 6 a re  in grade H and 2 are  

in grade III. The commonest side-effect is epigastric fullness after 

m eals, which causes alm ost half the patients to re s tr ic t the size of 

their main meal to about two-thirds of what they ate form erly. Of the 

two patiente in Yisick grads III, one has episodic diarrhoea of moderate 

severity , and the other experiences epigastric discom fort which is 

unlike the pain of Ms u lc e r . Hone of the patients lias experienced pain 

of u lcer type and none has symptoms suggestive of gastric  s ta s is . 

Barium meal ©gemination in the 11 patients who have been followed 

for a t least 9 months revealed no sign of recu rren t ulceration. The 

volume of ideating juice in the stomach was not excessive and gastric



emptying was satisfactory.

G astric secretion (see Table for details)

(a) Response to Meat Extract Before Operation Mean peali

acid output in response to ’0X 0’ solution (PAO ‘ ) was 5*6 mEq per

hour in the 9 patients who were tested. This was, on average, only 

20 per cent of their PAO"^^. There was no secretory  response to the

meat extract in 3 of the 9 patients. (These figures should be compaed
0 X 0with the mean PAO in 26 patients with duodenal u lcer before 

operation of 21.7 mEq per hour, 47.8% of their PAO^^).

(b) B gontg^m s Only two patients were

found to ba s till secreting ’free* acid after operation. BAG (to pH 7) 

decreased from a mean of 2.2 mEq par hour before HBV to 0.3 mEq 

per hour after HS¥, in 12 patients with gastric  ulcer alone. The mean 

reduction was only 76 per cent, largely because there was little 

reduction in BAG in two patients who were hyposecretors before 

operation.

(c) B'espouse to pantagastx’in (PAO^ Mean PAO" ^  in 12

patients with gastric u lcer alone was 25.1 mEq per hour before HSV 

and 8.0 after HSV, a mean reduction of 66 per cent. The mean 

reduction in 4 patients with combined gastric  and duodenal ulcers was 

57 par cent.
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(d) ItxBulm Test AU 17 tests were negative , signifying

that the vagotomies were complété. They were negative by Hollander’s

c rite ria , and also by nearly all other c r ite r ia , since a secretory

response was noted in only 2 of the 17 te s ts . The test in patient no. 10
'iOv/as positive by Stempien’s criterion  ' (increase of 0.25 rnEq in any 

one hour), but that of patient no. 2 was negative by a ll c rite ria , since

the peak-hour acid response to ineulin was less than 0.25 mEq greater
Ithan BAG, although PAG was 0.32 mEq per hour g reater tiian BAG 

(Table).

DBCU88I0N

Firstly , it should be pointed out that the follow-up is very 

biM, only nine patients imving been followed for more ttian one year, 

and none for longer than three years. Hence no claim s can be made 

for the effectiveness of EBV in curing gastric  u lcer in the long term .

On the other hand, there is good evidence, both clinical and radiological, 

that gastric  emptying is satisfactory, despite the absence of a  drainage 

procedure. If gastric  stasia has not become manifest within a year of 

operation, it is unlikely to develop a t a  la ter date. Thus, one potential 

cause of recu rren t gastric  ulceration appears to be absent.



Although the incidence of recurrent ulceration io higher 

after vagotomy timn after gastrectomy for gastric ulcer, truncal or 

selective vagotomy with a drainage procedure provides a cure for
jj J

most cases of gastric ulcer . This achievement is all the more

impreHSive when one considers that 20 per cent of the vagotomies
19are lilsely to have been incomplete" . Highly selective vagotomy

(selective proximal vagotomy) been

claimed previously to yield good long-term results in the surgical
20treatment of gastric ulcer , The results of the present study 

indicate tlmt highly selective vagotomy w i^ M  a draW ge 

gives good clinical results in the treatment of patients with benign 

gastric ulcer, at least in the short-term . Particularly encouraging 

features were the complete relief from ulcer pain experienced hy 

each patient, and the absence of vomiting and of other symptoms of 

gastric stasis. The results of post-operative barium meal examinations 

were satisfactory, although it is recognized that the emptying of 

barium does not necessarily reflect the emptying of solid food. The 

results of the secretory tests were also satisfactory, with evidence 

of completeness of the parietal-cell vagotomy in each case, virtual

abolition of spontaneous secretion of ’free’ acid and reduction of the
FGpealc response to pentagastrin (PAO ) by 66 per cent.



Certain im portan t obJectlonB to the surgical approach which

we have adopted will now ba considered. It has been suggested, for

exam e, that it is illogical, if the Brags ted t theory of the aetiology of

gastric ulceration is assumed to be correct; that I tb  dangerous,

because of the risk  that an u lcer-cancer will be m issed, and finally

that the resu lts  of Billroth I gastrectomy for gastric  u lcer are  so

eminently satisfactory, and so clearly better than those of vagotomy

v/lth a drainage procedure, that any change in surgical management is

quite unjustifiable. Let us examine each of these objections in turn.
21 22According to Drags ted t * ’ % gastric  ulceration develops as

a resu lt of gastric  s ta s is , excessive release of gastrin , and the

resulting gastric hypersecretion. Certainly, it is true that anything
10which causes delayed gastric emptying, such as pyloric stenosis^ or

23complete gastric vagotomy , is liable to lead to gastric  ulceration.

But though s tasis  causes gastric ulceration, it does not follow that the 

gastric  ulcers which we see in clinical practice a re  caused by s ta s is .

Studies of gastric  emptying which were performed in patients with gastric
24 25ulcer by Buckler  ̂ and by Griffith, Owen, Campbell and Shields ''

suggest that gastric empt^dng of solid food is within normal limite in

most patients with gastric u lcer, although a few individuals do have

delayed emptying. In our own patients, the following features led us



to believe that gastric  sM sis was not the cause of their u lcer.

They did not vomit copiously. They did not imve a succussion splash. 

There was no delay in the emptying of barium before operation. When 

a  naso-gastrie tube was passed, the volume of the resting  Juice in the 

stomach was not excessive (less than 150ml), and food residues were 

not iomid^ Spontaneous acid output was low-normal, suggesting that 

circulating gastrin  levels were not unduly high, because the finding of 

maMmal acid outputs within the noi mal range implied that the parietal 

cell mass was normal m size . The acid responses to a test meal of 

meat extract, far from being excessive, as might have î^een expected 

if the Dragstedt theory were co rrect, were in fact sm all -  only 20 per 

cent of the ma^rimal acid output and about one quarter of the acid re sp 

onse to m eat extract of patents with duodenal u lc e r , At 0(?9ration, a 

finger was passed from the stomach into the second part of the duodenum 

in each patient. No sign of pyloric obstruction, or of duodenal 

obstruction, was found in any of the patients with gastric  ulcer alone; 

and only one of the five ^ tienbs with combined gastric  and duodenal 

u lcers was found to have pyioro-duodenal stenosis (defined as a  pyloro- 

duodenal channel which will not admit the distal inter-plmiangeal joint 

of the index finger, or a  number 14mm Hegar dilator^.

It has been argued that vagotomy of any kind is  an illogical



operation to use in the treatm ent of patients with gastric u lcer, because

their spontaneous and masdmal acid outputs a re  already within the

normal range. Such an argument presupposes that methods of

treatm ent In medicine must have a  logical basis: in other words, that

we m ust f irs t understand the disease, and then take the appropriate

stops to cure it, M fact, we must admit that the cause of gastric
21 22ulceration is not known, and neither the Dragstedt theory*"  ̂ nor

26 27 28the Du Pleesis-Lawson-Capper theory of bile reflux, seem s adeqimte

to explain a il cases of gastric ulceration. Hence, treatm ent must be 

em pirical, and if HBV provides a permanent cure in most cases of 

gastric  u lcer, we will not be too concerned that we do not understand 

precisely why the operation works. It should also  foe pointed out that 

half of the patients with duodenal ulcer coming to surgery imve maximal 

acid outputs within the normal r a n g e " ' , yet few object to the use 

of vagotomy in their treatm ent on the grounds tlmt it is "illogical".

One final point. The old adage "no acid, no u lcer" s till holds true, 

and at least we can talm comfort from the knowledge that HSV reduces 

acid output considerably in patients with gastric  u lcer.

As to the problem of u lcer-cancer, clearly the treatm ent of 

a potentially -curable lesion by a conservative operation would be a  t r a 

gic e r ro r . As many as 5 to 10 per cent of patients whose gastric  ulcer



appsars to benign on gross inspection iiave, in fact, an occult
110ulcer-cancer . It such cancers a re  treated by rad ical resection,

31 32the prognosis is much better tliaii tlmt of gastric  cancer in general ’

While all this is beyond dispute, we thinls tlmt the chances of an u lce r-

cancer being m issed can W reduced to a minimum by the use of

clinical methods supplemented fibrescopic esmmination of the u lcer,

with biopsy and cytolc^'ical examination. An accuracy ra te  of 99-3 per

cent in differentiating between benign and malignant u lcers of the
33stomach can be achieved by such means ' - Finally, a t operation, the 

surgeon lias a  further opportunity to inspect the u lcer d irectly , and if 

he s till te rbou rs the slightest suspicion tliat the u lcer is malignant, 

he should perform  a  gastrectomy- Even if the u lcer appears benign, 

however, it should always be excised in toto, or a t the least its 

epithelial m argin should be excised, and the specimen submitted to 

immediate froaen-section examination by an experienced pathologist- 

In our opinion, the routine use of these m easures will virtually 

eliminate the possibility that an early carcinom a will be treated in an 

inappropriate fashion.

It might well be asked what possible advantages HS¥ could 

possess compared with the time-honoured B illroth I gastrectom y for 

gastric  u lcer, which yields good resu lts  in 80 to 90 per cent of patients



17 34and has a  recu rren t u lcer ra te  of 0 - 2 per cent ' * We would

answer that an operation which involves neither resection  of one half 

to tw o-thirds of the stomach, nor an anastom osis, is lUcely to be safer 

than one which does; statistically  significantly sa fe r, not within any 

individual surgeon’s experience, but in the global context of the 

treatm ent of many thosands of patients. We have now treated 180 

patiente by HB¥ without operative m ortality and indeed without any 

m ajor post-operative complication related to the operative procedure. 

Secondly, in the case of gastrectom y, wlrnt is done cannot be undone.

Many patients will develop iron-deficiency anaem ia and a fewwAll become
35thin, anaem ic, osteoporotic ’̂ gastric cripp les’* . Their lost stomach

cannot be resto red  to them . Such sequelae should be ra re  afte r HBV,

which preserves the entire gastric  re se rv o ir, with its emptying s till

regulated by a norm ally-innervated antro-py loro-duodenal segment.

Dumping has been found to be much less frequent a fte r HSV than after

vagotomy with a  drainage procedure, and significantly less frequent

than afte r partial gastrectom y of the Polya variety  (see Chapter 14).

n  the u lcer should recu r after HBV, effective treatm ent is available
17in the form  of gastrectom y. Admittedly, Duthie and his colleagues 

have shown that B illroth I gastrectom y yields te t te r  resu lts  than

truncal vagotomy and pyloroplasty



in the treatm ent of benign gastric n icer. HSV, however, is followed 

by significantly fewer side-effects ouch as dumping and diarrhoea than 

is vagotomy with drainage when used in the treatm ent of duodenal 

u lcer (vide supra) and hence it may well prove superio r to vagotomy 

and drainage in the treatm ent of gas tide ulcer a lso .

M conclusion, it 1ms been shown that patients with gastric 

u lcer can be treated successfully in the short te rm  by an operation which 

entails neither gastric  resection nor destruction or bypass of the pylorus. 

The potential advantages of such a procedure a re  obvious, but its use 

should probably be confined a t present to centres in which complete 

physiological evaluation and prolonged clinical follow-up of the patients 

a re  assu red . Longer follow-up of la rg e r numbers of patients and 

controlled tr ia ls  a re  needed to show whether the early  promise of 

MgMy selective vagotomy in the treatm ent of gastric  u lcer will be 

fulfilled.

SUMMARY

Fourteen patients with gastric u lcer alone, and five with

combined gastric  and duodenal ulceration, were treated by Mghly

selective vagotomy without a drainage procedure, in the past three y ea rs . 

Before operation, no evidence of gastric  s tas is  was found, clinically,



racllologlcally or during tests of gastric  secretion . Spontaneous acid 

output was low. Acid outputs in response to a test meal of m eat extract 

were also found to be low. Thera was no evidence that in the patients 

with gastric  u lcer alone, the u lcer was due to pyloric channel disease 

with excessive release of gastrin  by the antrum .

Each gastric  ulcer was proved to ba benign a t the time of 

operation, by frozen section essaminatioii. No problems with gastric 

s ta s is  were encountered in the early post-operative period. The 

v%otomy was shown to be complete on insulin testing in each of the 

17 patients who were tasted.

Follow-up ranges from one month to tliree y ea rs . The 

clinical progress of the patients loas been good, and none has symptoms 

suggestive of recu rren t ulceration or of gastric  retention. Barium meal 

examination in each of the eleven patients who were followed for more 

than nine months showed satisfactory gastric emptying, without 

recu rren t ulceration. While the need for much longer follow-up is 

obvious, these prelim inary resu lts  a re  encouraging. Further tr ia l 

of MgMy selective vagotomy for gastric  u lcer, preferably in the form 

of a  prospective, randomized comparison with Billroth I gastrectom y, 

now seem s desirable.
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THE SUMMING UP



TAB05 I

SaMMARY OP RESULTS

NO OESRATIVE MORTALI'TY IN l80 HSY OPERATIONS

INSULIN 'TEST: 5^ POSITIVE
IN EARLY POST-OPERATIVE PERIOD

NO RECURRENT ULCER

NO GASTRIC STASIS REQUIRING RE-OPERATION
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T A B ts ; i ; c

SUTÆiARY (co n tin u ed )

r-EASUREMEffi

OASmiC ACID OUTPUT 

(niEq p e r  h o u r)

8P0NTA#:0U8

PG-MAJDKAL

(PAÔ )̂
c( ÏNSÙLIN STItflUUJS

(PAO^)

V 0X0 STII'ULUS 
(PAO)

EEIiECT OF PAT IN DUODENTOI 
(P e n ta g a str in  s t im u lu s)

EPPECT OP INSULIN- 
HYPOGLYCAEMIA Oil 
PENTAGASTRIN STIPULATED
mo

PRE-OPERATIVE
DU

8 .0

4 l.O

3 5 .8

2 1 .7

e***™w^i.wBigqirw5*vto **w  i«Eauis;»r'*steiatF»*

r e d u c t io n

S I G N I F I C A N T
X N C m A S E

(p  < 0 .0 5 )

MORE THAN 
ONE YEAR 

AFTER

TV-RP

%
2 . 0 "

19.6

^.1

19 .6

WjTthAtWmrhi. T i -.fc*jrt.4r4W»e»

?/a

r e d u c t io n

NO SlGIOTICANr 
CPIANGE

v it Acnv u ; K.



TPî ie i l

MORE THAN 
OKE YEAR 

ABTER
S W

2 . 0

Ll,o

:5.5

11.0

NO SIGNIFICANT
GRANGE

MORE TÎ-IAN 
ONE YEAR 

AFTER

HSV

l.D

190

9.7

10,1

r e d u c t io n  

SIGNIFICANT DECREASE

(p  < 0 .0 2 )

HSV compared 

w ith  TV'i'P and SV4-P

same o r  low er

1 a few h ig h  v a lu e s  
w ere e x c lu d ed

same

same

samej, ? s i g n i f i c a n t l y  
lo w er th a n  TV-î-P when l a r g e r  
num bers a r e  a v a i la b le

same d e g re e  o f  I n h i b i t i o n  
a s  a f t e r  TV*!-? s l e s s  
i n i i i b i t i o n  th a n  b e fo re  
o p e ra t io n

n e rv e s  o f  T a ta r  j e t  n::iy 
i n l i i b l t  a c id  o u tp u t i n  
man: b u t  s tu d y  was
in c o n c lu s iv e

CONTINUED OVER/
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GASaBXO EMPTYlCm

RESTING JUICE 9 2  1TÛ.. «

CLINICAL - NO STASIS

FOOD 4 a/\RIUî4 "NORMAL" SIGNIFICANTLY FASTER

(p < 0 .0 1 )

m m )  (am cosE ) TAKEN AS "KORi'<ffiL" SIGNIFICANTLY FASTER

(p < 0 .0 0 1 )

GALL . RESTING 
I3LADDER' VOL, (m l.)

2 7 . 4 4 3 .1

(p < 0 .0 1 )

COmmCTILITY unim paired unim paired

DXABIHHOEA c l i n i c a l 2 4 /

b) a f t e r  g lu co se 0/̂ 6 7 /

c l i n i c a l  a t  

ISARLY a ) ^

a m  c l i n i c a l  a t
2 years

4) j (in "control"  
s u b je c ts )

2 a /

1 0 /

b) a f t e r  g lu co se 200 73 /

OVERALL CLIIICCAL X !57
RESULTS AT 2 YEARS

(V isic lc  grades 
per c en t)  I I I

2 7

24

vr 12



V VC

NO STASIS

-0  ml. 

NO STASIS

l e s s  th a n  b e fo re  o p e ra t io n  
and f r e e  from  food  r e s id u e s

SIGNIFICANTLY FASTER

(p  < 0 .0 2 )

SIGNIFICAIVCLY FASTER

ALMOST m m ikLi 

NO STASIS

SXGNIl'TCAiYlLY FASTER

em pty ing  a f t e r  HSV n o t 
norm al^ b u t  much n e a r e r  
norm al th a n  a f t e r  TV+P o r
SV-F.P

(p  < 0 .0 1 ) (p  < 0 .0 5 )

2 7 .3

u n im p a ire d

2 S o

u n im p a ired

g a l l  b la d d e r  d i l a t e d  
a f t e r  TVtP^ b u t  n o t  d i l a t e d
a f t e r  SVtP o r  HSV.

1 8 / 20 HSV v i r t u a l l y  a b o lis h e s  
" p o s t” vagotomy" d ia r rh o e a

600 1 3 / Under maximal p ro v o c a t io n , 
more d ia r rh o e a  th a n  in  
p r’e - o p e r a t iv e  p a t i e n t s  b u t 
s i g n i f i c a n t l y  l e s s  th a n  a f t e r  
TVtP o r  SV-Î-P.

8o0

6 /

6 /

4 7 /

r' JV re d u c e s  th e  in c id e n c e  
o.f e a r l y  dum ping, b u t some 
m ild  e a r l y  dumping s t i l l  
o c c u rs .

99

20

u 2 “

28

L arge  in c r e a s e  in /^ p ro p o rtio n  
o f  p a t i e n t s  w ith  a  p e r f e c t  

r e s u l t  :

2'3

10 6

1 S i f ^ i i f l e a n t  d e c re a s e  i n  
V isiolc I I I ,  " f a i r "  r e s u l t s .

Fewer I 'e c u r r e n t  u l c e r s  so f a r



UP

Highly selective vagotomy without a drainage procedure has 

been used in the treatment of 180 patients in tlie University Department 

of Surgery, Deeds General Infirmary, in the past three-aud-a-lmlf 

years. The clinical results were assessed in an unbiased way at 

the Gastric Follow-up Clinic. These results imve been compared 

with those which were recorded after other types of operation for 

duodenal ulcer* Such a comparison may not be entirely valid, because 

the respective groups of patients were not allocated in random maimer 

to one or other of the operative procedures, but it nevertheless seemec 

worth making. In addition to this clinical assessm ent, a physiological 

assessm ent of the new operation was made by comparing such 

functions as gastric secretion and gastric emptying in well-matched 

groupe of patients, who were in good health, more tlian one year 

after truncal vagotomy and pyloroplasty (TY^-P), bilateral selective  

vagotomy and pyloroplasty (8V : P) or highly selective vagotomy without 

a drainage procedure (E8V). A definitive appraisal of HSV will be

Many references which liave been quoted in relevant parts of the 
thesis are not cited again here.



possible only when the present series of patients Ims been followed- 

up for at least a further five years, and when the results of 

prospective random clinical trials become available.

Our main findings are shown In Tables I and H.

The relatively poor clinical results after vagotomy with 

drainage for duodenal ulcer have been lüglüighted in several 

publications since 1968 In a well-planned prospective clinical

trial, Jordan and Condon found the results of truncal vagotomy

with antrectomy to be superior to those of truncal vagotomy and
2pyloroplasty. lu Leeds , also, the results after truncal vagotomy 

and pyloroplasty were found to be poorer tiian those of any of the 

other standard operations for duodenal ulcer, although it must 

be added tlmt the value of the comparison was diminished by the 

fact tirnt patients Imd not been randomly allocated to the different 

operative procedures. Very indifferent clinical results were found

5 to 10 years after truncal vagotomy and gastrojejunostomy in
3Edinburgh . Severe dumping occurred in 11 per cent of patients, 

severe diarrhoea in 5 per cent, and only 38 per cent of patients 

achieved a perfect, Visick Ï, result. Wheldon and her colleagues^, 

who reviewed 255 patients fifteen to twenty years after truncal



vagotomy and gastrojejunostomy, found weight loss of more tiian 

6kg. in 33 per cent of men and 60 per cent of women, and iro n - 

deficiency anaem ia in 44 per cent of men and 84 pê * cent of women. 

7 per cent of patients had pulmonary tuberculosis. The resu lts  

of the prospective random tr ia l of truncal vagotomy and pyloroplasty 

versus truncal vagotomy and gastrojejunostomy in Glasgow^ show 

no superiority  for one procedure over the o ther. Thus in the long 

term  weight loss and anaemia may be as common after truncal 

vagotomy and pyloroplasty as after truncal vagotomy and g as tro 

jejunostomy. Our own continuing experience (unpublished) of the 

resu lts  of selective vagotomy with a  drainage procedure in over 

100 patients in Leeds does not suggest tiiat the clinical resu lts

a re  any better than those of truncal vagotomy with a  drainage
6 7procedure. Although Kennedy and Connell ’ found tiiat selective 

vagotomy produced a significant reduction in the Incidence botii of 

incomplete vagotomy and of d iarrhoea, compared with those which 

were recorded after truncal vagotomy, there is little  evidence 

that the overall clinical resu lts  a re  significantly better after 

selective vagotomy than after truncal vagotomy. These dism al 

resu lts  of the currently -popular operations for duodenal u lcer 

serve to emphasize that there is ample room for improvement,



as the results of the Leeds-York trial^ bad shown.

The disturbances in physiology which follow pyloroplasty,

distal anti’ectomy or vagotomy with a drainage procedure, Imve

teen defined in the past four years. Pyloroplasty in dogs was shown

to destroy the normal co-ordination of motility in the antrum,

pylorus and duodenum, and to impair the propulsive properties
0of the antral musculature . Distal antrectomy, by ablating

the terminal antral contraction and the ability of the pylorus to

discriminate between solids and fluids, was found to lead to

excessively-rapid emptying of solid spheres from the stomach 
10in doga . In man, vagotomy with a drainage procedure was

11shown to produce excessively-rapid emptying of solids and of

liquids^^^^^, (though not all workers would agree^"). When

hypertonic liquid left the stomach rapidly, it frequently produced 
12 13diarrhoea ’ . Hence it is  incorrect to state tliat vagotomy with

a drainage procedure "preserves the ga,stric reservoir". On the

contrary, the dam of the reservoir is "bust". The stomach is 

"incontinent".

These findings provide ample justification for our 

efforts to preserve the pylorus in surgery for duodenal ulcer.



so doing, we hope<̂  to achieve better x’oguîatlon of gastric 

emptying, with a consequent reduction in the incidence of 

dumping and of diarrhoea. The idea that preservation of the 

nerves of la ta rje t was essential to ensure efficient emptying ox 

the stomach ttoough the hitact pylox'ua has found considerable 

support in the past four years. Burge, who for the same reasons

as ourselves had been anxious to preserve the pylorus, published
15

a favourable report in 1960 on the results of bilateral selective 

vagotomy without a drainage procedure (BY) which he had performed 

in more tîmn 100 patients with duodenal ulcer. However, at the 

4th World Congress of Gastroenterol%y in Copenliagen, Burge 

stated that fewer timn fifty per cent of Ms patients coming to 

surgery for duodenal ulcer were suitable for BY alone, and that 

if the slightest trace of py loro-duodenal stenosis were found at 

operation, a pyloroplasty was added. From the results of studies 

of gastric emptying in his paper, it is clear tliat BY without 

drainage was followed by a considerable degree of gastric 

retention in many patienta, and tliat re-operation for addition of 

pyloroplasty was necessary in a few. Since 1970, Burge has 

abandoned BY anti is now an enthusiastic advocate of HBV, which



he uses in ail cases of duodenal iilcsx’, except for those with

ciiuically-maxiifest pyloxlc Btenosie (persoiml communication).

Elx'k, too, tried S¥ without drainage in twenty-five patients with 
16duodenal uleer , but repox'ted that he tod been compelled to

re-operate on tteee of them to relieve gastric retention. At

the second operation, organic py loro-duodenal stenosis was absent:

the defect was functional rather than anatomical. Others who tried

S¥ alone, such as J . S. F. Hutchison in Glasgow (personal

communication) soon gave it up because of the problems which they

encountered with gastric retention. Recently, it has been reported

that 8V alone in a small series of fifteen patients was followed not
17only by gastric stasis, but in three cases by gastric ulceration : 

in contrast, patients who were treated by HSV by the same group 

of surgeons (personal communication) were not t roubled by stasis
18or by recurrent ulceration. Bente M. Aomdrup and her colleagues 

reported that truncal vagotomy (TV) without drainage in rabbits v/as 

almost invariably followed by gastric ulceration, 8V without 

drainage by gastric ulceration in fifty par cent of rabbits, whereas 

HBV was not followed by gastric ulceration. These differences v/ere 

thought to reflect differences in gastric emptying after tiie tliree 

types of vagotomy without drainage* In dogs, SV without drainage



19was found to lead to gastric retention * In contrast, two

independent groups of workex’s in Amex\tca re  pox*ted that HS¥
20 21did not produce gastric retention in dogs ' ’ * Elempa et a l*,

however, reported that dogs developed gastric retention after 

In man, reports of unimpaired gastric emptying after

HOV have come from Pedersen and Amdrup , Amdrup and
24 25 2 5Jensen'’ ,̂ C larke’" , and from ourselves. Clarke"^ also

confirmed our findings that H8¥ is followed by more rapid

emptying of a fluid test meal. B. Amdrup lias had to re-operate

on only one of hie first hundred cases of HSV, who had developed

a gastric ulcer in association with gastric retention (personal

communication). Two patients in Leeds complained of vomiting

food, soon after their discharge from hospital* Both were given

a liquid diet, improved spontaneously, and are now able to

eat normally. To date, we Imve not had to re-operate on any

patient on account of gastric retention, and, ae a group, the

patients aftex" HSV are no more liable to complain of excessive

flatulence or of vomiting than are patients after truncal or selective

vagotomy with a drainage procedure. However, in the past week

we have admitted to hospital a man who has developed persistent

vomiting of food, without loss of weight, several months after HSV.



He can retain milk and beer, but not solid food. The food- 

barium meal shows slight delay in gastric emptying (though 

hypertonic glucose empties rapidly), and we intend to re-operate 

on him in the near future. In summary, selective vagotomy without 

drainage cannot be used aa a routine procedure in the treatment 

of duodenal ulceration, because of its tendency to produce 

gastric retention. In contrast, Mghly selective vagotomy without a 

drainage procedure has been used in the treatment of a consecutive 

series of 100 patients with duodenal ulcer in Leeds (only emergency 

cases and those with clinically -manifest pyloric stenosis being 

excluded). Gastric emptying has been shown to be satisfactory, 

by the use of a food-toaxTum meal and of a test meal of glucose 

solution. Mo evidence of gastric stasis was found in these studies, 

and emptying was much closer to the "noxunal" (i.e . to wliat was 

found In pre-operative patients) than was the case after truncal 

or selective vagotomy with pyloroplasty, when gastric emptying 

was found to ba abnormally rapid. The mean volume of ’resting 

juice*in the stomach measured 62ml. in 100 patients before 

operation, and 60ml. in 100 tests on 50 patients more than six 

months after EBV. TMb juice was "clean" and free from foW 

residues in all except one test after HSV, and in all tests its



volume v/as less than 200mL Clinical evidence of gastxTc 

retention was found in 2 of 180 patients within one month of HBV, 

but the difficulty was transient. One patient has now developed 

persisting gastric retention after HBV. Tims, clinical problems 

with gastric retention seem to ba rathei' less frequent after HSV 

than after vagotomy with a drainage procedure. Early fears 

that the pyloro-duodenal channel would become stenosed as the 

ulcer healed have proved to be unfounded. K gasti'ic emptying is 

satisfactory in the first year or two after HBY, it is most unlikely 

to become impeded later. Tims, the evidence which is now 

available from studies in doge and in xnan suggests that the 

answer to one of the most Important questions is favourable.

Gastric emptying after HBV is satisfactory.

HBV 1ms been shown by our own group to diminish 

spontemeous acid output, pentagastrin-stlmulated "masdmal" acid 

output, the acid response to insulin and the acid response to a 

test meal of meat extract as effectively as do truncal or selective 

vagotomy with a dimiiiage procedure. The findings of Amdrup and 

his colleagues in Copenhagen were similar , with the exception 

that they have not used “meat-extract stimulation. The mean



spontaneous acid output and mean acid output in response to 

’0X 0’ solution v;em consiclerably less after E8V than after 

truncal vagotomy and pyloroplasty, and it is possible that these 

differences will prove to be statistically significant when larger 

numbers of patients have been tested. The results of these 

secretory testa, whbh were performed more than one year after 

operation, provide good evidence that gastrin release ia not 

excessive after HSV* This deduction is of crucial importance, 

because if correct it means that vagal denervation of the gastric 

antrum, as in truncal or selective vagotomy, Is not necessary*

The theoretical Justification for vagal denervation of the antrum 

is that gastrin release is thereby reduced, and that the patient 

is thus protected against recurrent ulceration. Recent reports 

of serum gastrin concentration as measured by radioimmunoassay 

(Tables III and IV) have shown, however, that truxicai or selective 

vagotomy with a drainage procedure produce large increases in 

serum gastrin concentration: fasting gastrin levels and the gastrin 

response to a meal are both increased. The increase aftex’ truncal

vagotomy is significantly greater than after bilateral selecihe
28 31vagotomy , It has also been shown. ‘ tlxat truncal vagotomy in

man does not prevent the increase in serum gastrin concentration
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EFFECT OF VAGOTOMY ON SERUM GASTRIN;

(A) CONCENTRATION OF GASTRIN IN SERUM

OF PASTING PATIENTS NJTll DUOnENAL ULCER

(p s  p e r  m l . )

REFERENCE

Korniaia e t  a l .
2? >28

S te rn  and  W alsh

T rudeau  and 
MeGuigan

BEFORE
OPER/VTION

16 -1. 2

ABTER TRUNCAL 
VAGOTOMY t  
PYLOROPLASTY

AFTER SELECTIVE 
VAGOTOMY + 
PYLOROPLASTY

(72)

84 'h 8 

(50)

s i g n i f i c a n t  
^ d iffe re n c e ^

p < 0 .0 0 5

52 ± 6 

(3 0 )

125 + 27

76 -I- 7 95 -Î- ?

F ig u re s  i n  b r a c k e ts  r e f e r  t o  num bers o f  p a t i e n t s  t e s t e d ,
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U /ü

EPIECT OP ViXGOTOiyiY ON SERUM CjASGBIN!

(B) PEAK GASTRIN CONCENTmTION IN SERUM

OP DUODENAL ULCER PATIENTS APŒR A ffiAL

( pg p e r  m l, ''

REPERENCE iW L BEFORE
OPERATION

A F irn  TRUNCAL 
VAGOTOMY 4- 
PYLOROPLASTY

AFTER SELECTIV 
VAGOTOMY t  
PYLOROPIASTY

, 2 7 , 2 8Korman e_o_al* p r o te in  
m eal o f  
s t e a k , 
cheese  and 
m ilk

94 T 16 

(a )

2 5 9  ±  3 8

(3 )

1 3 6  ± 8  

(3 0 )

29S te rn  and  W alsh e g g s , t o a s t ,  
o range  ju ic e

1 6 0  ± 1 5 3 6 3  ±  75

(9) (9)

30T rudeau  and 
McGuigan

iBOg. b e e f 1 2 9  ± ?
(71/^ in c 
re a s e
over
f a s t i n g
l e v e l s )

72/0 in c re a s e  
compared w ith  
f a s t i n g  l e v e l  
o f  95 ± ? 
p /̂niL,

(2 2 )

Note a l s o  t h a t  serum  g a s t r i n  c o n c e n tr a t io n  i n  re sp o n se  to  I n s u l i n  ro s e
rroLi mean o i  104 t u  a mean o t  1^48 p j  p e r  :,il, i n  23 D.U* p a t i e n t s
b e fo re  o p e ra t io n ,  and  from  a mean o f  103 t o  a mean o f  140 pg p e r  m l. i n  
19 p a t i e n t s  a f t e r  com plete  t r u n c a l  vagotom y and  p y lo r o p la s ty  ( S t a d i l ,  
1972) 5 1 .

F ig u re s  i n  b r a c k e ts  r e f e r  to  num bers o f  p a t i e n t s  t e s t e d .



fû raeponse to InsuHii-hypoglycaemia. Borne increase m plasma,

gastriîi concentration is to be expected after any iypa of vagotomy

which involves denervation of the parietal ceil mass, because the

pH in the antrum may W expected to rise and a.cid-inhibition of

gastrin release will be reduced. This does not explain, however,

why gastrin levels should be higher after truncal timn after

selective vagotomy. Since stasis of food in the antrum does not

seem to occur after ESV, one would predict that plasma gastrin

levels will not be higher after HS¥ than after truncal vagotomy

with a drainage procedure. Indeed, they might be significantly

lower, because ES¥ should share the advantage which selective
28vagotomy possesses over truncal vagotomy in this respect,

and also because reflux of alloaiine duodenal contents containing 
32

bile salts’ onto the antrum should be less after HS¥ tlmn after

vagotomy with a drainage procedure. M support of the latter

contention, one would cite evidence from the recent paper by 
33Miller et aL that spontaneous acid output (BAO) was reduced 

by only 89 per cent in patients who underwent E8V with pyloroplasty, 

whereas we have found that BAO is reduced by over 90 per cent 

at a comparable period (six weeks) after HS¥ without pyloroplasty. 

Yet acid output was reduced by 50 per cent in Miller



et a l 's . patienta, as in ours. Froni these data, we deduce 

that HSV may be superior to EBV+P in keeping bile out of the 

stomach, in maintaining a low intra-antral pH and thus in 

preserving inhibition of gastrin release by endogenous acid in 

the antrum.

We found that more than 50 per cent of patients had 

Hollander -positive responses to insulin, more tlmn one year 

after HSY, but this Is no different from what has been found by 

others after truncal or selective vagotoxny (see Chapter on 

Insulin test). Analysis of the secretory response to insulin 

reveals no Edgnificant difference between the acid outpiia after 

llBY and the acid outputs after truncal or selective vagotomy. 

Furthermore, it was shown that spontaneous acid outputs and 

the peal?; acid responses to insulin were significantly less in 

patients with positive insulin tests after HS¥ than in patients 

with recurrent ulceration and positive insulin tests after truncal
K ill m i I

or selective vagotomy. Small, but statistically -significant 

increases in BAO, MAO, and insulm-stümüated acid output took 

place in the first year after E8V, and though this rise probably 

comes to an end in the second year (at least so far as MAO is 

concerned), further serial studies of acid output, tiiree, four and



five after HBV should be done. The reason for these

increases in acid output is not clear. We suggest that they 

probably represent vagal re-innervation of a email proportion 

of the parietal cell mass.

In the early stages of our work with E8V, we experimen

ted with the use of antroneurolyeis and mucosal antrectomy in 

dogs, with the aim of reducing gastrin release without dimBiisMng 

the size of the gastric reservoir or the propulsive power of the 

antral musculature. However, antroneurolysls was found not to 

reduce acid output from the main, innervated stomach in the dog, 

and mucosal antrectomy without suture of the mucosal defect 

led to clironic gastiEc ulceration an I inanition in two dogs. One 

patient was treated by BB¥ coxnbined with mucosal antrectomy, 

but the operation was technically difficult, and the clinical result 

achieved was far from perfect. Thus, none of the "conservative*^ 

methods of surgical attack on the gastrm mecKmnism - antro- 

neurolysis, mucosal antrectomy or supra-pyloric antrectomy - 

seems attractive for use in man. All are likeijr to impair the 

function of the antrum as a "mill", and it remains to be proved 

that they have any additional benefit to offer in recompense , 

compared with HB¥ alone. This opinion is Empported by the
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remarkable paper of Inter one et aL “, who found that HS¥ alone 

in dogs gave significantly better protection against histamine- 

induced ulcer tlian did 8V with antrectomy. Thus, it appeared 

that 8ta.te was right"^", and that if the antrurn is left undisturbed, 

ill continuity with the acid stream, it gives protection against 

ulcerailoB, despite the fact that it is the principal source of gastrin.

When we introduced HS¥, we suggested that protective 

and inhibitory meclianieniB in the antrum and duodenum would be 

preserved, whereas after conventional types of surgery for 

duodenal ulcer they might be impaired. Little evidence has been 

found in support of such a view. In contrast to our previous 

observation that fat-induced Inhibition of gastric secretion could 

not )ie demonstrated in the early weelm after truncal vagotomy 

and pyloroplasty, we found that, more town one year after truncal 

vagotomy and pyloroplasty, fat in the duodenum produced significant 

inhibition of pentagastrin-stimulated gastric acid secretion.

The degree of inhibition after truncal vagotomy and pyloroplasty 

was Just as great (39 per cent) as that which was found in patients 

after HSV (S3 per cent). In both groups of vagotomissed patients, 

inhibition was much less than that which was observed in patients 

with duodenal ulcer before operation (74 par cent). Insulin given
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two hours before injection of paiitagastrin produced a significant

decrease in the acid response to psnta,gastrin in patients after

HBY, but did not produce a significant decrease in patients with

intact vagi or in patients after truncal or selective vagotomy with

pyloroplasty, Tliougli it is tempting to ascribe the decrease in

acid output in patients after HSY to an inhibitory effect of the

nerves of Lata,rjet and of the extra-gastric vagi, such a conclusion

would ba unjustifiable at present for a variety of reasons. It could

be the correct escplanation for our findings, however, and further

study of the interactions of the vagi and of gastrin or its analogues

in these patients seems desirable. Our failure to establish that

protective mechanisms are spared by HSV but damaged by ether

operations does not imply that the original hypothesis vms incoxu’ect.

Such failure may merely reflect the crudity of our investigative

efforts; of our inability, thus far, to measure antral mucus, the

secretions of Brunner*s glands, bile, and pan '.reatic secretion

after the three i^upes of vagotomy in man. Many years ago, Florey
35and his colleagues showed that stimulation of the vagus nerves 

In the cat led to significant stimulation of secretion from the
3 6Brunner *s gland area, and more recently Wise and Eallinge?: 

have reported that vagal stimulation leads to a significant increase
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in the output of mucus from the stomach in man. Such 

mechanisms seem likely to be protective, and are probably 

destroyed by truncal vagotomy.

The results of the studies on the gall bladder were 

une3cc0ptlonale Truncal vagotomy was found to produce dilatation 

of the gall Madder, which had been shown many times before. 

Selective vag;otomy did not, as had been reported px^eviously, 

and BBY lilcewlse was not followed by dilatation of the gall bladder. 

Contractility of the gall bladder was found to be unimpaired in all 

three groups of patients. Other workers have provided strong 

circumstantial evidence that truncal vagotomy may predispose to 

the formation of gall stones, but firm :?roof is lacking.

The studies of gastric emptying, dumping and diarrhoea 

may conveniently be considered together. The operation of HS¥ 

was founded on the concept that empt5>'iiig of fluids from the stomach 

was excessively rapid after truncal or selective vagotomy W3,th a 

drainage procedure, and that it would foe much better-regulated 

if the antro-p3doro“duodenal segment were left intact. Hence, the 

incidence of dumping and diarrhoea would decrease. That is 

exactly what was found. Gastric emptjdng was slightly faster 

after H8Y than in pro-operative patients, whereas after truncal



or selective vagotomy with pyloroplasty gastric emptying was

very much faster. These findings have been confirmed }ŷr 
23 25 37others * . HSV was found to provide almost complete

protection against diarrhoea, W h at the clinical and at the 

experimental level (when it vms provoked by the ingestion of 

hypertonic glucose solution). Thus, so-called "poet«vagotomy** 

diarrhoea is virtually absent after HSV, whereas It Is found in 

more than 20 per cent of patients after truncal vagotomy with a 

drainage procedure. HSV also provided significantly better 

protection against diarrhoea tlmn did selective vagotomy with a 

drainage procedure. Mild early dumping still occurs on occasion 

after HSV, probably because of rapid emptying of liquids from 

the stomach, hut its incidence, both clinically and after a 

provocative glucose drMi, was Imlf that which was found in patients 

who had undergone truncal or selective vagotomy with pyloroplasty* 

Dumping after HS¥, and also the epigastric fullness after 

meals which afflicts 25 to 30 per cent of patients after E8V, are 

both probably due to W lure of receptive relaxation by the body 

of the stomach, with a resulting abnormal increase in intra- 

gaetric pressure after a meal. Obviously, the less of the stomach 

which is vagally-deneîwated, the less troublesome will these



symptoms become, but the greater will foe the risk  of recurrent 

ulceration. However, if the results of inter one et al*s.
9'I

experiments in are applicable to man; tliat is, if HB¥

provides men with better protection against duodenal ulcer tlmn 

does vagotomy with antx^ectomy, the vagal denervation involved 

in HS¥ represents "overkill", and a lesser degree of vagal 

denervation of the stomach would suffice. Such a suggestion may 

appear far-fetched, at a time when HSV is still widely regarded 

as an experimental procedure which is lüæly to fail on account 

of a high incidence of recurrent ulceration. But it should foe 

remembered that liolle has reported a recurrent-ulcer rate of 

less tlmn one per cent after HSV plus pyloroplasty in 171 patients 

who were followed for up to seven years, and that Amdrup and I 

have treated 300 patients with duodenal ulcer by HBV without 

drainage in the past tliree-mid-a-half years, without encountering 

a single case of recurrent ulceration. Such figures would foe 

difficult to match after truncal or selective vagotomy with a 

drainage procedure. Ak^aady, do Miguel, Burge and Kennedy 

have commented that IfSV may foe an excessively-radical operation 

(persosml communications to the author). If such foe the case, 

how much denervation of the stoxnach is enough ? Should one



tailor the eident of tho vagal denervation in proportion to the 

pro "-operative maximal acid output, which gives a measure of 

the slv.e 0 Î the parietal cell mass ? It would foe interestixxg to 

define what degree of vagal denervation of the parietal cell mass 

in dogs gives a protection against Mstamine-mcluced ulcer that 

is equal to that which is afforded by selective vagotomy plus 

antrectomy.

The clinical results wMch have been recorded after 

HS¥ in Leeds are much better than those which were found after 

truncal or selective vagotomy with a drainage procedure. 

Amdriip*B results after E8V are equally satisfactory. We have 

little doubt tlmt were we willing to siifotect our patients to a 

prospective random trial of H8V versus truncal vagotomy and 

pyloroplasiy, HS¥ would prove to be the better operation. Having 

shown that E8V possesses significant advaniages over truncal 

vagotom3? with pyloi'oplasiy, and having found no advantage for 

truncal vagotomy and tryioropIaBtj? over H8Y, wo did not feel 

justified in carrying out such a trial, but hope that surgeons who 

at present emplo;7 truncal or selective vagotomy with a drainage 

procedure as their standard method will be prepared to put HS¥



to the test of a prospective random trial. If they do so, they must 

of course be sure tlmt they have acquired an equal facility In the 

performance of HSV as tixat wMch they already possess in respect 

of the other operation. Whether HSV could ba shown to have a 

significant advantage over partial gastrectomy or vagotomy with 

antrectomy on a five-to-eight-yeai’ follow-up seems doubtful, but 

if the functioaal results at that time were approximately equal, HSV 

would almost certainly be the better operation, because it would be 

safer, and would produce fewer "gastric cripples" in the long term.

The indications for HB¥ have been extended cautiously 

in the past tiirae years. For example, 1 liave treated four patients 

with perforated duodenal ulcer by HSV. These patients were 

carefully chosen. They were x^elatively young, slim and fit, with 

a long ulcer history, and a short interval between the time of 

perforation and admission to hospital. In the short term (from four 

to ten montlis after HSV) their progress has been excellent. Similarly, 

Ï liave used HSV in the treatment of seven patients with "X-ray-
6j n A (\

negative dyspepsia" and irery high acid outputs ' (more tlmn BOmEq 

per hour). Some of them also had giant mucosal folds in the duodenum, 

The clinical progress of this group has been indistinguishable from 

tlmt of the patients with duodenal ulcer who were treated HBV.



In each of these patients I opened the duodenal cap longditudinally, 

without transecting the pylorus, inspected the interior of the duodenum 

to make sure tlmt a small ulcer on the posterior wall was not being 

overlooked, and then closed the duodenotomy longdliudinally with 

fine sutures to achieve edge-to-edge apposition, without inversion. 

When this is done, there is  no need to perform a pyloroplasty. I 

have opened and closed the duodenal cap in this way in 25 patients, 

in each of whom convalescence lias been uneventful, without 

evidence of leakage from the duodenum or of gastric retention. This 

approach has been used to gain access to a bleeding duodenal ulcer 

hi ttoee patients. The ulcer was underrun in the usual way, the 

duodenotomy closed, and HS¥ carried out. These patients made 

a good post-operative recovery and did not re-bleed.

In view of the low incidence of positive responses to insulin 

soon after HSV, wMch suggested tlmt the dissection teclmique used 

In HSV might be the best method of ensuring tiiat gastric vagotomy 

vas complete, Î employed HBV in the treatment of tliree patients 

who had recurrent duodenal ulceration and strongly-positive insulin 

tests after truncal vagotomy and pyloroplasty. If a complete 

vagotomy of the stomach,Including the antrum, resulted, tiiat would 

not matter, since the presence of the pyloroplasty would protect



against gastric sta sis . Tecimically, these cases proved a little 

difficult because the under surface of the liver was adherent 

to the lesser omentum, the lesser curvature of the stomach and 

the cardia, but when the plane of dissection between lesser omentum 

and stomach was found, the remainder of the operation was straight

forward. In each of these patients, the early-positive response to 

insulin was converted to negative in the early post-operative period, 

and the patients themselves are doing well in the short term.

The most interesting application of HBV, however, has 

been in the treatment of patients with pyloric stenosis. This 

diagnosis encompasses patients who have a vast, atonic, dilated 

stomach hanging down into the pelvis, associated with copious 

vomiting and dehydration. Obviously, to treat such patients by 

MsV would be folly. On the other hand, in many patients the 

obstruction to the gastric outlet is partly attributable to oedema 

and spasm associated with an active ulcer. When such patients 

are treated by rest in bad and other medical meaaurea, they usually 

stop vomiting, the succuesion splash can no longer be elicited, 

and they are %ain able to eat heartily. On barium meal examination, 

they are found to have gross deformity of the pyloro-duodenal region, 

with a stomach tlmt is not greatly dilated and a hyper-motile antrum.



The stomach iias **eompeBsated" for portkil obstruction of its outlet

by undergoing hypertrophy, and by **pusMng lmrder*L In the past

year, I imve treated six such patients by HBV without a drainage

procedure. At the time of operation, a finger was introduced

via a small gastrotomy into the py loro-duodenal canal, which was

always found to be narrowed, and woiüd not admit the finger-tip,

nor a Hegar*s dilator greater than no. 8 in slsae, whereas in 24

patients with duodenal ulcer without symptoms of pyloric stenosis,

it has always been possible to pass the index finger beyond the

distal inter-phalmigeal joint or a number 14 Hegar dilator tteough

the pylorus and first part of the duodenum. These findings are in
16accord with the previous observations of Kirk ♦ The stenotic 

segment was then forcibly but gently dilated until the index finger 

beyond the proximal inter-pimlangeal joint could he passed through 

the narrowed area. The site of the stenosis was usually half to 

one inch distal to the pyloric ring, In two patients tliis manoeuvre 

caused splitting and anterior perforation of the first part of the 

duodenum. The perforation was sutured transvex'sely with inter

rupted catgut sutures. After this HB¥ plus "sphincter stretch", 

all six patients convalesced normally. Follow-up ranges from tlxree 

to ten months, and the patients* progress continues to be satisfactory.



The obvious objection to b u c I î  a method of treatment is that re -  

atenosis might take place as the ulcer heals, fxit oo far this has 

not happened. Barium meal examinations performed more than 

four months after operation in three of these patients revealed 

no evidence of gastric retention or of recurrent ulceration.

At the technical level, HSV is a straight forward, 

if somewhat tedious operation, which takes us about twenty 

minutes longer to perform than does a truncal vagotomy and 

pyloroplasty. Having taken careful note of the position of the 

anterior nerve of Latarjet at laparotomy in 200 patients, and 

of tte position of the postex’ior nerve of Latarjet in the course 

of 150 I-BV operationa, we can state with confidence that the 

course of these nerves is constant, although there are minor 

variations in the way in which the terminal branches ere distributed 

to the antral region of the stomach. The anterior nerve of Latarjet 

is plainty visible in over 90 per cent of cases, and usually two or 

more major termhml branches cross onto the gastric wall just 

beyond the Incisura angularia, 5 to 7 centimetres proximal to the 

pylorus (see Frontispiece). The posterior nerve of Latarjet is more 

difficult to see, even after the greater curvature of the stomach has 

been mobilised by division of the gastro-collc omentum, but its



major terminal branches are usually clearly visible.

Whether the extent of the antrum should ba "mapped** 

routinely at the time of opération is debatable. My own opinion 

is that it should not, because to do bo makes an already lengthy 

operation even longer, the Congo-Red test does not invariably 

give a clear-cut dexnarcation between corpus and antxuixn (at 

least within my limited experience ox ten tests in man), and, 

most important, the clinical value of the tost tes  not been 

established. M Copenhagen, where antral mapping is the rule, 

Amdrup records clinical x^esults, and decreases in gastric acid 

output, which are little different from those which we find in 

Leeds. If the teat shows the parietal cell mass to extend close 

to the pylorus, should the nexwes of Latarjet then foe cut? I 

think not, because by so doing one would expose the patient to 

the risk  of developing gastric retention and gastric ulceration. If, 

on the other hand, **mapping** shows that the antrmn is unusually 

extensive, does it matter if its proximal margin is denervated ? 

Again, I would doubt it. Of far greater impo,rtance, in my opinion, 

is the idea that the gastric vagal denervation of H8¥ may foe more 

than is required to heal the ulcer. We must attempt to find out 

how little of the stomach has to ba denervated.



The stomach, duodenum, biliary tract and pancreas 

normally work together in harmony, their activities being 

co-ordinated by nerves and hormones. We liave learned a great 

deal about the actions and interactions of these nerves and hormones 

in the course of the past ten years, and have marvelled at their 

intricacy. We iiave also been shown the depths of our former 

ignorance about the physiology of this region which we operate 

upon in the course of our daily work. And it is quite certain 

than when ten more years have passed, we will have to admit 

how ignorant we were in 1972, in that field o ' human endeavour in 

which we now consider ourselves to be expert. For this reason 

it is incumbent upon us to follow unswervingly that old masdm 

**prlmum non nocere". No structure, no function, should be 

sacrificed unnecessarily.

In line with this philosophy, we thinli timt in surgery for 

duodenal ulcer the surgical attack should be confined to the stomach. 

Those who continue to advocate the use of truncal vagotomy should 

be asked to prove that vagal denervation of the biliary tract, 

pancreas and small intestine in some way benefits the patient. 

Burgeons should reconsider the advisability of denervating the 

antrum of the stomach, which doss produce gastric stasis, but which
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does not appear to diminish the release of gastrin. Both truncal 

and selective vagotomy impair gastric emptying and malm 

necessary the performance of a drainage procedure, which in 

turn leads to unduly-rapid gas tide emptying; to dumping, diarrhoea 

and steatorrhoaa. For the first time in the history of surgery for 

peptic ulcer, it has been shown that the pylorus can foe left intact 

and that the stomach can foe induced to empty hi a well-regulated 

manner. Bide-effects have thus been reduced. When vagotomy is 

confined to the parietal cell mass, acid output is reduced as 

effectively as by conventional types of vagotomy. There is no 

evidence of excessive release of gastrin from the innervated 

antrum. Longer follow-up of the patients who have already been 

treated, and prospective random trials of HS¥, are certainly 

required. Meanwhile, there is reason to believe that highly 

selective vagotomy without a drainage procedure is the best 

operation yet devised for the treatment of duodenal ulcer in man.



REFERENCES

1. Jordan, P. H. and Condon, R. E. (1970) Ann. Burg,,
172, 547.

2. Goligher, J . C ., Piüvertaft, C. N., Irvin, T. T ., Johnston,
D ., Waliœr, B ., Hail, B. A ., Willson-Pepper, J. 
and Matheson, T. B. (1972) Br. med. J . ,  ^  7.

3. Dellipiani, A. W\, Macleod, î. B ., Thomson, J . W. W\
and Shlvas, A. A. (1969) Gut, 1 ^  366.

4. Wheldon, E. J . , Venables, C. W. and Jolmston, L D. A.
(1970) Lancet, 1, 437.

5. Goligher, J. C. (1970) Br. J . Burg., 780.

0. Kennedyf T. and Connell, A. M. (1969) Lancet, J ,  899.

7. Kennedy, T. and Connell, A. M. (1970) Lancet, 675.

Bo Goligher, J . C. et ai. (1960) Dr. mod. J . ,  2, 781.

9. Liidwick, J . E ., Wiley, J. N. and Basa, P. (1969)
Arch. 8nrg., 99,

10. Doaois, E. E ., Kelly, K. A. and Code, C. F. (1971)
Gastroanterology, 675,

11. Colxner, M. E ., Davies, W. T ., Owen, G. M. and Shields,
E. (1969) Br. J. Burg., 56, 702.

12. George, J. D ., Connell, A. M. and Kennedy, T. (1968)
Gut, 9, 732.

13. McKelvey, S. T. D. (1970) Br. J . Burg., M, 741.

14. Cowley, D. J . ,  Vernon, P ., Jones, T ., Glass, H. I.
and Cox, A. G. (1972) Gut, 13, 176.



15c Burge, E . , lEacleaii, C ., Btedetord, E ., PiUm, G. and 
Hollanders, D. (1969) Br. med. J . ,  3, 690.

16. Kirk, R. M. (1970) Proc. Roy. Ooc. Med., X V *

17. Clarke, E. J . ,  McFarland, J . B. and Williams, J . A.
(1972) Br. med. J . ,  1, 538.

18. Amdrup, B. M ., Steiii^e, K ., and Bille-Brahe, N. B,
(1971) Acta CMr. Scand., 1...  ̂  ̂ A)4.

19. BMlna, E. and Griffith, C. A. (1969) Ann. Burg., 169, 326.

20. Amdrup, B. M. and Griffith, C. A, (1969) Ann, Burg.,
170, 207.

21. Inter one, C. Del Flnacio, J . E . , 'Miller, B ., Bombeck,
C. T. and Myhus, L, iVX. (1971) Arch. Surg., 102, 43.

22. Klempa, I . ,  EoUe, F ., Bruclmer, W ., Welsch, E. H .,
Handle, H. and von Wolff, A. (1971) Arch. Surg., 
103, 713.

23. Pedersen, G. and Amdrup, E. (1970) in Advance
Abstracts, 4th World Congress of Gastroenterology, 
p. 433. Danish Gaetrcent. A ss., Copentegen.

24. Amdrup, E. and Jensen, H**E. (1970) Gastroenterology,
522.

25. Cla.rke, R. J. (1971) Br. J . Burg., M, 870.

20. Jolmston, D ., Amdrup, E. et aL  ............ submitted for
publication.

27. ICorman, M. G ., Hansky, O', and Scott, P. E . (1972)
Gut, 39.

28, }Io.rman, M. G., Hansky, J . , Coupland, G. A. E. and
Cumberland, V. H. (1972) Gut, 13, 163.



89, Stern, D, H, and Walsh, J, II, (1972) Gastroenterology,
68̂  817.

30. Trudeau, W. L, and McGuigan, J , E, (1972)-Gastroenter
ology, J2 , 822,

31. Si;adil, F. (1972) Scand, J. Gastroent,, 7, 225.

32. Bedi, B, S., Gillespie, G. and Gillespie, Ï. E, (1968)
Gut, 9, 736,

33. Miller, B ,, Bombeck, T ., Sciiummer, W ., Condon, E , B.
and Nyhue, L. M. (1971) Arch, Surg,, 103, 103.

34. State, D. (I960) Gastroenterology, 38, 16.

35. Wright, R. D ., Jemnngs, M. A ., Florey, H. W. and
Limn, E . (1940) Quart. J. exp. Physiol., M, 73.

36. Wise, L, and Ballinger, W. F. (1971) Ann. Surg., 174,
976. ”

37. Clarke, E. J. and Williams, J . A. (1972) Paper to
Surgical Research Society, Liverpool Meeting.

38. Fz'aser, G. M ., Pitman, E. G ., Lawrie, J . H.,
Smith, G. M. E ., Forrest, A. P. M. and Rhodes, J. 
(1964) Lancet, 2, 979.

39. Rhodes, J ., Evans, K. T ., Lawrie, J . H. and Forrest, A.
P. M. (1967) Q uart.J. Med., 37, 151.



REFERENCES



Adams, J. F .,  Cox, A. G ., Kennedy, E. H. and Thompson, J.
(1967) Effect of medical and surgical vagotomy on 
intrinsic factor secretion. Br. med. J . ,  473 - 476.

Amdrup, B. M. and Griffith, C. A. (1969a) Selective vagotomy of 
the parietal cell mass: Part I: with preservation of the 
innervated antrum and pylorus. Ami. Surg., 170,
207 - 214.

Amdrup, B. M. and Griffith, C. A. (1969b) Selective vagotomy of
the parietal cell mass: Part II: with suprapyloric mucosal 
antrectomy and suprapyloric antral resection. Ann. Surg., 
170, 215 -  220.

Amdrup, B, M. and Griffith, C. A. (1970) The effect of insulin upon 
the secretory response to feeding in dc^s with selective  
vagotomy of the parietal cell m ass. Scand. J. Gastroent., 
5̂ , 655 -6 6 5 .

Amdrup, B. M. and Griffitli, C. A. (1970) The effects of imgotomy
upon biliary function in dog. J . Surg. R e s ., jlO, 209 -  212.

Amdrup, B. M ., Steinp(e, K. and BiUe-Brahe, N. E. (1971)
An experimental study of the incidence of gastric ulcers in 
rabbits following truncal vagotomy, selective gastric 
vagotomy, and highly selective gastric vagotomy.
Acta cliir. Scand., 137, 794 -  796.

Amdrup, B . and Jensen, E -B . (1970) Selective vagotomy of the
parietal ce ll mass preserving innervation of the undrained 
antrum. Gastroenterology, 522 - 527.

Amdrup, E .,  Neilsen, J. and Jensen, H-E. (1970) Treatment of 
benign ^ s tr ic  ulcer by segmental resection with and 
without pyloroplasty. Surgery, 68, 759 - 765.

Andersson, B. (1960) InMbitory effects of t^drochloric acid in
antrum and duodenum on gastric secretory responses to 
test meal in Pavlov and Heidenhain pouch dogs. Acta, 
physiol. Scand., 49, 231 -2 4 1 .



Andersson, 8. (1963) Inhibition of gastric secretion by duodenal
acidification before and after sympathetic denervation of 
Heidenhain pouches. Gastroenterology, 45, 752 -  755.

Andersson, S. and Grossman, M. I. (1966) Effect of denervation 
and subsequent resection of antral pouches on secreUon 
from Heidenhain pouches in response to gastrin and 
histamine. Gastroenterology, 51, 4 - 9 .

Andersson, 8 . (1969) Plq^siologic mechanisms inhibiting gastric 
secretion of acid. Amer. J . Surg., 117, 831 -  840.

Anson, M. L. (1939) Estimation of pepsin, trypsin, papain and 
cathepsin with haemoglobin. J. gen. Physiol., ^
79 -  89.

Ardill, J . , Buchanan, K. D. and Kennedy, T. L. (1971) Fasting 
plasma gastrin levels in man. Gut, J^, 860 (Abstract).

Arnold, W. T .,  Hampton, J . ,  Olin, W ., Glass, H. and Carruth, C. 
(1960) Gastric lesions, including exfoliative cytolcgy.
A d ia^ ostic approach. J . Amer. med. A ss ., 173,
1117 -1120 .

Aubrey, D. A. and Forrest, A. P . M. (1970) The effect of
vagotomy on human gastric secretion. Br. J. Burg.,
M, 332 - 338.

Aune, 8 . (1969) Intragastric pressure after vagotomy in man.
Scand. J . Gastroent., 4, 447 -  452.

Bachrach, W. H. (1962) Laboratory criteria for the completeness of 
vagotomy. Amer. J. dig. D is ., 7, 1071 - 1085.

Baird, I. M. and Oleesky, S. (1957) Osteomalacia following gastric 
surgery. Gastroenterology, ^  284 - 292.

Baldwin, J. N ., Albo, E .,  Jaffe, B. and Bilen, W. (1965)
Metabolic effects of selective and total vagotomy.
Surgery, Gy nee. O W et., 120, 777 -  783



Baldwin, J. N ,, Heer, P . W ., Albo, R ., Peloso, O ., Ruby, L.
and Sllen, W. (1966) Effect of vagus nerve stimulation 
on hepatic secretion of bile in human subjects.
Amer. J . Surg., I l l ,  66 -

Bank, S .,  Marks, I. N. and Louw, J. H. (1966) The effect of
propantheline on gastric acid secretion after vagotomy. 
Lancet 2, 831 - 833.

Bank, S ., Marks, I. N. and Louw, J. H. (1667) Histamine- and 
insulin-stimulated gastric acid secretion after selective 
and truncal vagotomy. Gut, 8, 36 - 41.

Barabas, A. P .,  Payne, H. A ., Johnston, I. D. A. and Bums, G .P . 
(1966) The effect of vagotomy on gastrin-stimulated 
gastric-acid secretion in man. Lancet, 118 - 119.

Baron, J. H. (1963) Studies of basal and pealc acid output with an 
augmented histamine test. Gut, 4, 136 -  144.

Baron, J . H. (1969a) Lean body mass, gastric acid, and peptic 
ulcer. Gut, ^  637 - 642.

Baron, J. H. (1969b) Dose-response to insulin tqrpoglycaemia.
Br. J . Surg., 66, 383 - 384.

Bayllss, W. M. and Starling, S . H. (1902) The meclianism of
pancreatic secretion. J. Physiol. (Lond.), 325 -3 5 3 .

Beaumont, W. (1833) Experiments and observations on the gastric 
juice, and the physiology of digestion. Plattsburgh,
N .Y .: F . P . Allen.

Bedi, B. S ., Gillespie, G. and Gillespie, I. E . (1968) Effect of 
bile salts on antral gastrin release. Gut, 8, 736 -  737 
(Abstract).

Bell, P. R. F . (1964) The long term effect of vagotomy on die 
maximal acid response to histamine in man. 
Gastroenterology, ^  387 -  391.

Bell, P . R. F . and Batters!^, C. (1968) Effect of vagotomy on gastrk 
mucosal blood flow. Gastroenterology, 54, 1032 - 1037.



Bibler, D. D ., J r ., Harkins, H. N. and I^hus, L. M. (1965) 
Inhibition of exogenous gastrin-stimulated gastric 
secretion by fat in the duodenum. Rev. Surg. 
(Philadelphia), 22, 455 -  456.

Black, J . E . (1966) Physiological shidies on the pyloric branch 
of the vagus. Gut, ^  710 (Abstract).

Bloom, D. S ., Jacobson, B . D. and Grossman, M. I. (19B7) 
Validation of dilution indicators in the stomach. 
Gastroenterology, 205 - 210,

Borabecfc, C. T ., Inter one, C, V ., Del Finado, J. E ., Coelho, J.R  
and Nyhus, L. M. (1970) Vagotomy of the parietal cell 
mass; experimental study and preliminary report in 
15 patients. Rev. Surg., 27, 367 - 368.

Bouchier, I. A. D. (1071) The vagus, the bile and gallstones.
Gut, 11, 799 - 803.

Bouchier, I. A. D. (1971) Gallstone formation. Lancet, 1, 711 -  
715.

Boyden, E. A. and Van Buskirk, C. (1943) Rate of emptyii^ of
biliary tract following section of v ^ i  or of all extrinsic 
nerves. Proc. Soc. exp. Biol. M ed., 5^  174 -1 7 5 .

Brooks, A. M. and Grossman, M. I. (1970) Effect of secretin and 
cholecystolcinin on pentagastrin-stimulated gastric 
secretion in man. G astroenterol;^, 114 - 119.

Brown, J. C ., Pederson, E . A ., Jorpes, S . and Mutt, V. (1869) 
Preparation of iiighly acUve enter%astrone. Canad. J. 
Piqrsiol. Pliarmacol., 47, 113 -1 1 4 .

Brown, P. M ., Cain, J . C. and Dockerty, M. B. (1961) Clinically 
’’Benign" Gastric Ulcerations found to be malignant at 
operation. Surg. Gynec. Obstet., 112, 82 -  88.

Bruce, J . ,  Card, W. I . ,  Marks, I. N. andSircua, W. (1959)
The rationale of selective surgery in the treatment of 
duodenal ulcer. J . Roy. Coll. Surg. Bdin., 4 , 85 - 104.



Buchanan, E . D ., Zandomeneghi, E .,  Murplqr, E . F . and
Teale, J. D. (1971) Glucagon and Oie gut, Gut, j j ,  861.

Buckler, K. G. (1967) Effects of gastric surgery upon gastric
emptying in cases of peptic ulceration. Gut, 8̂  137 - 147.

Burge, H. and Vane, J . E . (1958) Method of testing for complete 
nerve section during vagotomy. Br. med. J . , 1, 615 -  
618.

Burge, H ., Rizk, A. E .,  Tompkin, A. M. B ., Barth, C. E .,  
Hutchison, J. 8. F .,  Longland, C. J . ,  McLennan, I. 
and Miln, D. C. (1961) Selective vagotomy in the 
prevention of post-vagotomy diarrhoea. Lancet, 2,
897 - 900.

Burge, H. (1964) Vagotomy. London: Edward Arnold.

Burge, H ., Hutchison, J. S. F .,  Longland, C. J . , McLennan, I . ,  
Miln, D. C ., Rudick, J. and Tompkin, A. M. B. (1964) 
Selective nerve section in the prevention of post
vagotomy diarrhoea. Lancet, Jl, 577 -  579.

Burge, H. (1966) The aetiology of benign lesser  curve gastric ulcer: 
vagotomy and pyloroplasty in its treatment. Ann. R.
Coll. Surg., 38, 349 - 369.

Burge, H. (1969) in Surgery of the Stomach and Duodenum.
Editors, Harkins, H. W. and Nyhus, L. M. 2nd. Edition, 
p. 624 - 625. Little, Brown and C o ., Boston.

Burge, H. and Frohn, M. J. N. (1969) The technique of biiaieral 
selective vagotomy with the electrical stimulation test.
Br. J. Surg., 56, 452 -4 6 0 .

Burge, H ., Maclean, C ., Stedeford, R ., Finn, G. and Hollanders,D.
(1969) Selective vagotomy without drainage. An interim 
report. Br. med. J . , ^ ,  690 -  693.

Burhenne, H. J . (1964) Roentgen anatomy and terminology of gastric 
surgery. Amer. J. Roentg., 91, 731 -  743.



Burnett, W ., Gairns, F. W, and Bacsich, P . (1964) Some 
observations on the innervation of the extrahepatlc 
biliary system in man. Ann. Surg., 159, 8 -  26.

Burstall, P . A. and Schofield, B. (1953) Secretory effects of 
psychic stimulation and insulin liypc^lycaemia on 
Heidenhain gastric pouches in dogs. J. Physiol.
120, 383 - 408,

Burstall, P. A. and Schofield, B. (1954) The effects of pyloric 
anti’ectoray on the secretory response of Heidenlialn 
pouches in dogs to central vagal stimulation.
J. Physiol., m ,  168 - 186.

Butler, T. J. and Sastham, R. D. (1965) Absorption studies after 
gastrojejunostomy with and without vagotomy. Gut, 6,
69 - 72.

Cannon, W. B. and Idab, C. W. (1911-12) The receptive relaxation 
of the stomach. Amer. J . Physiol., 2£, 267 - 273.

Cannon, W. B. (1939) A law of denervation. Amer. J. Med. S c i., 
198. 737 -  750.

Capper, W. M ., Laidlaw, C. D'A., Buckler, E:. and Richards, D.
(1962) The pH fields of the gastric mucosa. Lancet, % 
1200 - 1202.

Capper, W. M ., Butler, T. J .,  Buckler, IC. G. and Hallett, C. P.
(1966) Variation in size of the gastric antrum: measure
ment of alkaline area associated with ulceration and 
pyloric stenosis. Ann. Surg., 163, 281 - 290.

Capper, W. M ., Alrth, G. R. and Kilby, J . O. (1966) A test for 
pyloric regurgitation. Lancet, 2, 621 - 623.

Capper, W. M. (1987) Factors in the pathogenesis of gastric ulcer. 
Ann. Roy. Coll. Surg, Eng., ^  21 - 35.

Carlson, E. C ., Code, C. F . and Nelson, R. A. (1966) Motor 
action of the canine gastro-duodenal junction: a 
cineradiographic, pressure and electeic study. Amer. J. 
dig. D is ., 11, 155 -1 7 2 .



Carnot, P . and Ctossevant, A. (1905) (a) Modifications subies dans 
I’estomac et le duodenum par les solutions salines suivant 
leur concentration moléculaire. Le reflux régulateur du 
sphincter pylorique. C. R. Soc. Biol. (Paris), 58,
173 - 176.

Celestin, L. R. (1967) Antral activity and symptom periodicity in 
duodenal ulceration. Gut, 8, 318 ~ 324.

Celestin, L. R. (1867) Gastrin-lUse effects of cholecystokinin- 
pancreozymin. Nature, 215, 763 -  764.

Checketts, R. G ., Gillespie, X. S . and Kay, A. w . (1968)
Insulin potentiation of the augmented histamine response. 
Gut, 9, 683 - 687.

Chey, W. Y ., Hitanant, S ., Hendricks, J. and Lor M r, S. H. (1970) 
Effect of secretin and cholecystokinin on gastric emptying 
and gastric secretion in man. Gastroenterology, 58,
820 -  827.

Christiansen, P . M. and Kptster, K. H. (1965) Histamine-infusion 
test. Lancet, 2, 1189 -  1190.

Clark, C. G ., C rools, J . ,  Dawson, A. A. and Mitchell, P . E. F. 
(1964) Disordered calcium metabolism after Polya 
partial gastrectomy. Lancet, ^  734 -  738.

Clark, C. G. (1864) Recovery of gastric function after incomplete 
vagotomy. Br. J. Surg., 51, 539 -5 4 2 .

Clarke, R. J . and Williams, J . A. (1971) The value of phoiiol red
and chromic chloride as non-absorbable gastric indicators 
Gut, ^  389 -  392.

Clarke, R. J. (1971) A randomized trial of selective and parietal
cell vagotomy without a drainage procedure. Br. J. Surg., 
58, 870 -  871.

Clarke, R. J . ,  McFai'land, J. B. and Williams, J. A. (1972)
Gastric stasis and gastric ulcer after selective vagotomy 
without a drainage procedure. Br. med. J . ,  1, 538 - 539.



Clarke, E* J. and Williams, J* A* (1972) The effect of antral 
denervation and pyloroplasty on gas trie emptying 
and Paper to Surgical Research Society,
Liverpool, July, 1972.

Clave, E. A ., and Caspar, M. E. (1969) Incidence of gallbladder
disease after vagotomy. Amer. J. Surg., 118, 169 - 176.

Cobb, J. S ., Banli:, S ., Marks, I. N. and Louw, J. H. (1971)
Gastric emptying after vagotomy and pyloroplasty.
Eolation to some post-operative sequelae. Amer. J. 
dig. D is., JJ, 207 - 215.

Code, C. F. and Watkins on, G. (1955) Importance of vagal
innervation in the regulatory effect of acid in the duodenum 
on gSBtrie secretion of acid. J. Physiol., 130, 233 - 252,

Code, C. F. (1970) The mystique of the gastro-duodenal Junction. 
Hendic. R. Gastroenterol., 2, 20 - 37.

Colmer, M. E ., Davies, W. T ., Owen, G. M. and Shields, E.
(1969) ’Dumping* after vagotomy and pyloroplasty.
Br. J, Burg., 56, 702.

Cooke, A, E* and Grossman, M. I. (1968) Comparison of stimulants 
of antral release of gastrin. Amer. J. Physiol., 215,
314 - 317.

Cowie, A. G. A* and Clark, C. G. (1972) The lithogeuic affect of 
vagotomy. Br. J. Burg., 365 -367.

Cowley, D. J ., Vernon, P ., Jones, T ., Glass, H. I. and Cox, A.G.
(1972) Gastric emptying of solid meals after truncal 
vagotomy and pyloroplasty in human subjects.
Gut, 13, 176 - 181.

Cox, A. G ., Bond, M. R ., Podmore, D. A. and Rose, D. P.
(1964) Aspects of nutrition after vagotomy and gastro
jejunostomy. Br. med. J ., 1, 465 - 468.



Cox, A. G ., Hutchison, H. E. and Wardrop, C. A. J . (1968)
The blood changes e%ht years after vagotomy with 
gastroenterostomy compared with those after Polya 
partial gastrectomy. Gut, 9, 411 - 418.

Cox, A. G. (1968) Comparison of symptoms after vagotomy with
gastrojejunostomy and partial gastrectomy. Br. med. J.
If 288 - 290.

Cox, A. G ., Spencer, J . and Tinker, J . (1969) "Clinical results 
reviewed", in ’After Vagotomy’, pp. 119 - 130.
Ed. J . A. Williams and A. G. Cox, Butterworths:
London.

Cox, H. T .,  Doherty, J. F . ,  Kerr, D. F . (1958) Clianges in 
gallbladder after elective gastric surgery. Lancet,
1, 764 - 766.

Crittenden, P . J . and Ivy, A .C. (1937) The nervous control of 
pancreatic secretion in the dog. Amer. J. Physiol.,
119, 724 -  733.

De Castella, H. and Irvine, W. T. (1967) The role of the vagus in
the antral response to food. Br. J . Surg., ^  828 - 831.

De Miguel, J. (1970) Efecto de la vagotomla selectiva sin drenaje
en e l funcionmiento de la vesicula biliar. Rev. Esp. Enf. 
Ap. D igest., 577 -  586.

De Miguel, J. (1970) Selective vagotomy and pyloroplasty in the 
treatment of gastric ulceration: some clbiical 
observations and results. Br. J . Surg., M, 338 -  343.

De Paula e Silva, G. S. (1949) A simple method for computing the 
volume of the human gall bladder. Radiology, 52, 94 - 
102.

De Vito, R. V ., Jones, T. W ., Martinis, A. J . ,  Nyhus, L. M. 
and Harkins, H. N. (1958) Modification of gastrin 
mechanism fay antroneurolysis. Surg. Forum, 9̂  423 -  
427.



Delllpiani, A. W ., Macleod, I. B ., Thomson, J. W. W. and
Shivas, A. A. (1969) Gastroenterostomy and vagotomy 
for chronic duodenal ulcer. Gut, ^  366 -  374.

Devine, H. B. (1925) Basic principles and supreme difficulties
in gastric surgery. Surg. Gynec. Obstet., 40, 1 -  16.

Dignan, A. P . (1970) A laboratory appraisal of the effects of 
truncal and selective vagotomy. Br. J. Surg., 57, 

-2 5 4 .

Dotevall, G. (1961) Gastric secretion of acid in diabetes mellitus 
during basal conditions and after maximal histamine 
stimulation. Acta med. Scand., 170, 59 -  69.

Dozois, R. R ., Kelly, K. A. and Code, C. F . (1971) Effect of 
distal antrectomy on gastric emptying of liquids and 
solids. Gastroenterolcgy, 61, 675 -  681.

Dragstedt, L. R. and Owens, F . M. J r .,  (1943) Supra
diaphragmatic section of the vagus nerves in the 
treatment of duodenal ulcer. Proc. Soc. Exp. Biol. 
M ed., M , 152 -1 5 4 .

Dragstedt, L. R ., Harper, P. V ., Tovee, E. B. and Woodward,
E . R. (1947) Section of the vagus nerves to the stomach 
in the treatment of peptic ulcer. Ann. Surg., 126,
687 -  708.

Dragstedt, L. R ., Woodward, E. R. and Camp, E. H. (1950) 
Question of the return of gastric secretion after 
complete vagotomy. Arch.Surg. (Chicago), 61, 775 -  786.

Dragstedt, L. R ., Woodward, E. R .,  Oberhelman, H. A. J r ., 
Storer, E . H. and Smith, C. A. (1951) Effect of 
transplantation of antrum of stomach on gastric secretion  
in experimental animals. Amer. J . Physiol., 165,
386 -  398.

Dragstedt, L. R. and Woodward, E . R. (1951) Appraisal of
vagotomy for peptic ulcer after seven years. J. Amer, 
med. A ss ., 145, 795 -  800.



Dragstedt, L. R. (1936) A concept of the etiology of gastric and 
duodenal ulcers. Gastroenterol;^, 30, 208 - 214.

Dragstedt, L. R. (1971) On the cause of gastric and duodenal 
ulcers. J . Roy. Coll. Surg. Edin., 251 - 263.

Dreiling, D. A ., Druckerman, L. J. and Hollander, F . (1952)
The effect of complete vagi^ection and vagal stimulation 
on pancreatic secretion in man. Gastroenterology, 20, 
578 -  586. “

Du P lessls, D. J . (1965) Pathogenesis of gastric ulceration. 
Lancet, 1, 974 - 978.

Duthie, H. L ., Moore, IC. T. H ., Bardsley, D. and Clark, R. G.
(1970) Surgical treatment of gastric u lcers. Controlled 
comparison of Billroth I gastrectomy and vagotomy and 
pyloroplasty. Br. J. Surg., 57, 784 - 787.

Edholm, P . , Jons on, G. and Thulin, L. (1962) Le débit biliare du 
foie: stimulation par la cholecystdldnine, la sécrétine 
et l'alimentation per orale. Path. Biol. Paris,
10, 447 - 450.

Edkins, J. S. (1906) The chemical mechanism of gastric secretion. 
J. Pliysiol., 34, 133 -1 4 4 .

Eisenberg, M. M ., Woodward, E. R ., Carson, T . J . and 
Dragstedt, L. R. (1969) Vagotomy and drainage 
procedure for duodenal ulcer. Ami. Surg., 170,
317 - 328.

Elder, J. B ., Gillespie, G ., Campbell, E . H ., Crean, Q. P .,  
Gillespie, I. E . and Kay, A. W. (1970) Low-dose, 
pentagastrin, infusion studies. Br. J . Surg., 57,
854 (Abstract).

Elliot-Smith, A ., Painter, N. S. and Porter, R. (1961) Sd(^ective 
vagotomy and post-vagotomy diarrhoea. Lancet, 2,
1036 -1037 .



Etnas, S. and Grossman, M. I. (1969) Response of Heidenhain 
pouch to histamine, gastrin and feeding before and 
after truncal vagotomy in dogs. Scand. J . Gastroent.,
4, 497 - 503.

Emas, S .,  Borg, I . ,  and Fyro, B. (1971) Antral and duodenal 
gastrin activity in non-ulcer and ulcer patients.
Scand. J. Gastroent., ^  39 - 43.

Enquist, 1. F . (1969) Effects of vagotomy on digestion and absorp
tion In 'After V%otomy', Ed. J . A. Williams and 
A. G. Cox. Butterworths: London.

Everett, M. T. and Griffith, C. A. (1970) Selective and total 
vagotomy plus pyloroplasty: a comparative study 
of gastric secretion and motility in dogs. Ann. Surg.,
171. 31 - 38.

Ewald, C. A. and Boas, J . (1886) Beitrage zur Physiologie und 
Pathologie der Verdauung. Virchows. Arch. path.
Anat., ^  271 -3 0 5 .

Fagerberg, S .,  Grevsten, S ., Johansson, H. and Krause, U.
(1970) Vagotomy and gall bladder function.
Gut, U , 789 -  793.

Farrell, J . I. and Ivy, A. C. (1926) Studies on the motility of 
the transplanted gastric pouch. Amer. J. P hysiol.,
76; 227 -  228.

Fawcett, A. N ., Jolinston, D. and Duthie, H. L. (1969)
Rev^otomy for recurrent ulcer after vagotomy and 
drainage for duodenal ulcer. Br. J . Surg., 56, 111 -  116.

Feng, T. P . ,  Hou, H. C. and Lim, R. K. S. (1929) On the
meclianiam of die inhibition of gastric secretion by fat. 
Chin. J . PIqrsiol., 3, 371 - 379.

Ferguson, D. J . ,  HUhigs, H ., Swensen, D. and Hoover, G.
(1960) Segmental gastrectomy with innervated antrum 
for duodenal ulcer. Results at caie to five years.
Surgery, 47, 548 -  556.



Fields, M. and DuUiie, H. L. (1965) Effect of vagotomy on
intraluminal digestion of fat in man. Gut, J5, 301 -  310.

Finsterer, H. (1918) Ausgedehnte Magen^esektion bei ulcus
duodeni statt der einfachen Duodenal^resektlon -  bzw. 
Pylorusausschaltung. Zentbl, Chir., ^  434 - 435.

Finsterer, II. and Cunha, F . (1931) The surgical treatment of
duodenal ulcer. Surg. Gynec. Obstet., 5^  1099 - 1114.

Fletcher, D. M. and Clark, C. G. (1968) Gallstones and gastric 
surgery. Br. J. Surg., 55̂ , 895 - 899.

Fletcher, D. M. and Clark, C. G. (1969) Charges in canine bile- 
flow and composition after vagotomy. Br. J. Surg., ^  
103 -1 0 6 .

Forrest, A. P . M. (1956) The importance of the innervation of the 
pyloric antrum in the control of gastric secretion in 
dogs. 20th Int. Congr. Physiol. Abstract of 
Communications, 299 - 300.

Forrest, A. P. M. (1969) "Gastric Ulcer" in 'After Vagotomy' 
p p .  344 -  370, Ed. Williams, J . A. and Cox, A. G ., 
Butterworths : London.

Fox, H. 3. and Grimson, K. S. (1950) Defective fat absorption
following vagotomy. J . Lab. clin. M ed., 3^  362 - 365.

Fraser, G. M ., Pitman, E . G ., Lawrle, J. H ., Smith, G. M. R .,  
Forrest, A. P . M. and Rhodes, J . (1964) The sigriCicance 
of the radiological finding of coarse mucosal folds in 
the duodenum. Lancet, 2, 979 -  982.

Franksson, C. (1948) Selective abdominal vagotomy.
Acta, cliir. Scand., 96, 409 -4 1 2 .

French, J. M. and Crane, C. W. (1963) Undernutrition, mal
nutrition and malabsorption after gastrectomy. In 
’Partial Gastrectomy: Complications and Metebolic 
Consequences' p. 227, Ed. by F . A. R. Stammers and 
J. A. Williams. London; Butterworths.



Friesen, S. R. and Rieger, S .  (1960) A study of the role of the 
pylorus in the prevention of the "dumping syndrome". 
Ann. Surg., 151, 517 - 529.

Fritz, M. S .  and Brooks, F . P . (1963) Control of bile flow
in the cholecystectomized d<%. Amer. J. Physiol.,
204 , 825 - 828.

Frohn, M. J. N ., Desai, S. and Burge, H. (1968) Bilateral 
selective vagotomy in prevention of post-vagotomy 
diarrhoea. Br. med. J . , Jl, 481 -4 8 3 .

George, J. D. (1968) New clinical method for measuring tiie rate 
of gastric emptying: the double sampling test meal.
Gut, 9, 237 - 242.

George, J. D ., Connell, A. M. and Kennedy, T. (1968)
Gastric emptying in patients with post-vagotomy 
diarrhoea. Gut, J ,  732 (Abstract).

Giles, G. R. and Clark, C. G. (1966) Gastric secretion stimulated 
Ity meat extract In man. A test of antral function.
Scand. J . Gastroent., 1̂ , 159 -1 6 6 .

GUes, G. R ., Mason, M. C. and Clark, C. G. (1968a) Antral 
function and recurrent ulceration. Amer. J. Surg.,
115, 472 - 476.

Giles, G. R ., Mason, M. C, and Clark, C. G. (1968b) Vagotomy 
and acid secretion in patients with gastric ulcer.
Lancet, 2, 306 - 809.

Gillespie, G ., Elder, J . B ., Gillespie, I. E .,  Kay, A. W. and 
Campbell, E . H. G. (1970) The long term stability of 
the insulin test. Gastroenterology, 58, 625 -  632.

Gillespie, G ., Elder, J . B ., Smith, I. S . and Kennedy, F . (1970) 
An analysis of spontaneous acid secretion and its 
relation to the insulin response in normal and duodenal 
ulcer subjects: new criteria for insulin test.
Br, J. Surg., 57, 855 (Abstract).



Gillespie, G.,. Elder, J. B ., Gillespie, I. E .,  Kay, A. W.
and Crean, G. P . (1970) The short term reproducibility 
of the insiüin test in peptic ulcer patients. 
Gastroenterology, 59, 180 -  187.

Gillespie, 1. E . (1959) Influence of antral pH on gastric acid 
secretion in man. Gastroenterology, 37, 134 -  168.

Gillespie, I. E .,  Clark, D. S . ,  Kay, A. W. and Tankel, H. I. 
(1960) Effect of antrectomy, vagotomy with gastro
jejunostomy and antrectomy with vagotomy on the 
spontaneous and maximal gastric acid output in man. 
Gastroenterology, 361 -  367.

Gillespie, I. E . and Eay, A. W. (1961) Effect of medical and 
surgical vagotomy on the augmented histamine test 
in man. Br. med. J . ,  1557 -  1560.

Gillespie, I. E . and Bowen, D. J. (1962) The gastric secretion  
of pepsin in man. Gut, 3, 256 -  259.

Gillespie, I. E . and Grossman, M. I. (1964) Potentiation between 
urecholine and gastrin extract, and between urecholine 
and Mstamine in the stimulation of Heidenhain pouches. 
Gut, 5; 71 -  76.

Glanville, J . N. and Duthie, H. L. (1964) Contraction of the
gall bladder before and after total abdominal vagotomy. 
Clin. Radiol., 350 -  354.

Goligher, J. C ., Pulvertaft, C. N ., De Dombal, F . T .,
Clark, C. G ., Conyers, J . H ., Duthie, H. L ., 
F a th er , D. B ., latclim ore, A. J. C ., Harrop- 
Shoesraith, J . , Smiddy, F . G. and Willson-Peppsr, J. 
(1968) Five-to eight-year results of Leeds/York  
controlled trial of elective surgery for duodenal ulcer. 
Br. med. J . ,  2, 781 -  787.



Gol^her, J. C ., Pulvertaft, C. N . , Ds Dombal, F . T .,
Clark, C. G ., Conyers, J. H ., Duthie, H. L .,
Feather, D. B ., Latclimore, A. J . C ., Matheson, T .S .,
Harrop-Shoesmith, J . ,  Smiddy, F . G. andW illson-
Pepper, J . (1968) Clinical comparison of vagotomy
and pyloroplasty with other forms of elective surgery
for duodenal ulcer. Br. med. J . ,  2, 787 -  789.

Goligher, J . C. (1970) The comparative results of different
operations ki the elective treatment of duodenal ulcer. 
Br. J . Surg., 57, 780 -  783.

Goligher, J. C ., Pulvertaft, C. N . , Irvin, T . T ., Johnston, D ., 
Waliœr, B ., Hall, It. A ., Willson-Pepper, J. and 
Matheson, T. S. (1972) F ive- to eight-year results of 
truncal vagotomy and pyloroplasty for duodenal ulcer.
Br. med. J . , 1_, 7 - 1 3 .

Goodale, E . L ., Tsung, M. S ., Prévost, M ., Edlich, E . F . and 
Wangensteen, O. H. (1969) Pylorus preserving 
gastrectomy. Effects upon antral function, gastric 
emptying and ulcerogenesis in the dog. Arch. Surg.,
99̂ , 193 -1 9 7 .

Grassi, G. (1971) A new test for complete nerve section durhig 
vagotomy. Br. J. Surg., 58, 187 -1 8 9 .

Gray, J. S .,  Bradley, W. B. and Ivy, A. C. (1937) On the
preparation and biological assay of enterogastrone. 
Amer. J. Physiol., m ,  463 - 476.

Greenlee, H. B ., Longhi, E. H ., Guerrero, J . D ., Helsen, A. L. 
El-Bedri, A. L. and D r^stedt, L. E . (1957) 
hihibitory effect of pancreatic secretin on gastric 
secretion. Amer. J. Physiol., 190, 396 - 402.

Gregory, R. A. and Tracy, H. J. (1959) The action of entero
gastrone on gastric secretion. J. Physiol. (Lond.),
149, 58P -  59P.



Gregory, R. A. and Tracy, H. J. (1964) The constitution and 
properties of two gastrins extracted from hog antral 
mucosa. Gut, J ,  103 - 114.

Griffith, C. A- and Harldns, H. N. (1957) Partial gastric
vagotomy: an experimental study. Gastroenterology,
32, 96 - 102.

Griffith, C. A. (1967) Completeness of gastric vagotomy by the 
selective technic. Amer. J. dig. D is ., ^  333 -3 5 0 .

Griffith, C. A. (1969) Significant functions of the hepatic and 
coeliac vagi. Amer. J. Surg., 118, 251 - 250.

Griffith, C. A. (1869) 'Selective ^ t r i c  vagotomy’ hi'Surgery 
of the Stomach and Duodenum' Ed. H. N. Harkins and 
L. M. Nyhus, Bd. 2. pp. 605 - 623. Little, Brown 
and C o ., Boston.

Griffith, G. H ., Owen, G. M ., Kirkman, 8 . and Shields, E .
(1966) Measurement of rate of gastric emptying using 
chromium-51. Lancet, 1244 -1245 .

Griffith, G. H ., Owen, G. M ., Campbell, H. and Shields, R,
(1968) Gastric emptying in health and in gastro
duodenal disease. Gastroenterology, M , 1 - 7 .

Griffitlis, W. J. (1936) The duodenum and the automatic control 
of gastric acidity, J, Physiol. (Lond.), 87, 34 -  40.

Grossman, M. Ï . ,  Robertson, C. R. and Ivy, A . C .  (1948)
Proof of a hormonal meclianiam for gastric secretion -  
the humoral transmission of the distention stimulus. 
Amer. J. Physiol., 153, 1 - 9 .

Grossman, M. I. (1961) Cholinergic potentiation of the response 
to gastrin. J . Physiol. (Lond.), 157, 14P.

Grossman, M. I. (1961) Stimulation of secretion of acid by 
distention of denorvated fundic pouches in dogs. 
Gastroenterology, ^  385 -  390.



Grossman, M. I. (1962) Secretion of acid and pepsin in response 
to distention of vagally innervated fundic gland area in 
dogs. Gastroenterology, 718 -7 3 1 .

Hall, E .,  Humplirey, C. S ., Willdnson, A. E . and Johnston, D.
(1971) Effect of antroneurolysis on gastric secretion 
in dogs with total gastric fistula. Br, J . Surg., 58,
273 » 270.

Halter, F .,  Esterman, C. and Muller, W. A. (1970) Effect of 
combinations of pentagastrin and insulin on gastric 
acid secretion in man. Proceedings of 4th World 
Congress of Gastroenterology, p. 203. Copenhagen, 
Denmark,

Halvorsen, H. C ., Middleton, M. D ., Bibler, D. D ., J r .,  
Harkins, H. N. and Nyhus, L. M. (1966)
Influence of the vagus nerve on tiie inhibitory effect 
of %t in the duodenum. Amer. J. dig. D is ., 11,
911 -917 .

Hansky, J . , Korman, M. G ., Cowley, D. J . and Baron, J, H.
(1971) Serum gastrin in duodenal ulcer: H effect of 
insulin iiypogiycaemia. Gut, ^  959 - 962.

Ehrkins, H. N ., Stavney, L. S ., Griffith, C. A ., Savage, L. E .,  
Eato, T. and Nyhus, L. M. (1983) Selective gastric 
vagotomy. Ann. Surg., 158,-  448 -  460.

Harkins, H. N. and Nyhus, L. M. (1969) 'Surgery of the Stomach 
and Duodenum* 2nd Ed. Boston; Little, Brovm and Co.

Hart, W. (1966) Neue physiologische und anatomische
Gesichtspurikte zur Frage der vagalen Iimervation 
des Magen-Antrums und ihre Bedeutung furdie Magen- 
chirurgie. S, Gastroenterol., 6, 324.

Hart, W. (1968) Neue Erkenntnisse zur physiologischen und 
chirurgischen Bedeutung des Magenantrums.
Arch. klin. Chir., 322 , 703 - 708.



Hart, W., Welsch, E. H,, lüempa, I................(1968)
Die lolou-antrale SaurehemiBung des Magene and
ihre Besieimng m r  ataergeordueten vagalen Antrum 
innervation. Ges. Exp. Med., 148, 183 - 193.

Hector, R. M. (1968) Improved tecimiqne of gastric aspiration. 
Lancet, J , 15 ™ 16.

Hedenstedt, B. and Lundqiüst, G. (1966) Selective gastric vagotomy 
versus total abdominal vagotomy. Acta. chir. Scand.,
131, 448 - 459.

Hendry, W. G. and Balirani, S. Al. (1965) Gastric ulcer and
conservative surgery. Vagus resection and Finney’s 
pyloroplasty. Br. J. Surg., 588 - 596.

Hendry, W. G. and Abdulla, K. H. (1969) Diarrhoea after
vagotomy. A comparative study of truncal and bilateral 
selective vagotomy. Br. J. Burg., 1 - 3 .

Herrera, P ., Kemp, D. E ., Tsukamoto, M. and Eisenberg, M. M.
(1967) Insulin inhibition of gastric secretion and motility: 
the potassium reversal effect. Burg. Forum., 18, 300 - 
303. “

Herrington, J. L. (1969) in ’Surgery of the Stomach and Duodenum’ 
Éd. H. N. Harldns and L. M. Nyhus. 2nd Edition, 
pp. 575 - 603. Little, Brown and Co., Boston.

Hiclcson, J. € .  D. (1970) The secretion of pancreatic Juice in
response to stimulation of the vagus nerves in the pig.
J. Physiol., 208, 275 - 297.

Hirschowitz, B. Ï. and Bobbins, R. C. (1966) Direct inhibition 
of gastric electrolyte secretion by insulin, independent 
of hypoglycaemia or the vagus. Amer. J. dig. D ie.,
11, 199 -212.

Eirschowitz, B. I. and Baclis, G. (1966) Reversal of insulin
inhibition of gastric secretion by intravenous injection 
of potassium. Amer. J. dig. Dia., 1^ 217 - 230.



Hirschowits, B. I. and Bachs, G. (1987) Bisuiin Inhibition of 
gastric secretion: reversal by rubidium.
Amer. J. Physiol., 213, 1401 - 1405.

Hobs ley, M, and Silen, W. (1969) Use of an inert marker
(phenol red) to improve accuracy in gastric secretion 
studies. Gut, W, 787 ™ 795.

Hollander, F. (1946) The insulin test for the presence of intact 
nerve fibres after operations for peptic ulcer. 
Gastroenterology, J , 607 - 614,

Hollander, F. (1948) Laboratory procedures in the study of 
vagotomy (with particular reference to the insulin 
test). Gastroenterology, j l ,  419 - 425.

Holle, F, and Hart, W. (1965) Form - und funictionsgerecht 
Operation. Ein Grundsatz moderner Ulcuschirurgie. 
Langenbecks Arch. klin. Chir., 309, 205 -223.

Holle, F. (1967) Physiologische Operationen in der Ulcuschirurgie. 
Arch. klin. Chir., 319, 233 - 237.

Holle, F. and Hart, W. (1967) Neue Wage der Chirurgie des 
Gastroduodenalulcus, Med, klin., 62, 441 -450.

Holle, F. (1968) in ’Surgery of the Stomach and Duodenum’
Ed. Ho N. Harkins and L. M. Nyhus, 2nd Ed., 
pp. 629 - 634. Little, Brown and Co., Boston.

Hubei, K. A. (1966) Insulin-induced gastric acid secretion in
young men. Test reproducibility and correlation with 
the augmented Mstamine test. Gastroenterology, 50,
24 - 28. ”

Hume, E. and Melrose, A. G. (1967) Relation between maximal
a€ü output of stomach and lean body mass. Br. med. J . , 
2, 30 - 31.

Hunt, D. E. and Cox, IC. E. (1971) Vagal gastrin and the response 
to feeding. Aust. N. J. Burg., 41, 94 (Abstract).



Hunt, J . N« (1948) A method for estimating peptic activity 
in gastric contents. Biochem* J . , 42, 104 « 109.

Hunt, J. N* (1956) Some properties of an alimentary osmoreceptor 
meclianism. J . Physiol., 182, 267 - 288.

Hunt, J. N. (1957) Wluence of hydrochloric acid on gastric
secretion and emptying in patients v/ith duodenal ulcer. 
Br. med. J . ,  1, 681 - 684.

Hunt, J . N* (1959) Gastric emptying and secretion in man.
Physiol. Rev., 39, 491 - 533.

Hunt, J . N. and Patiiak, J . D. (i960) The osmotic effects of
some simple molecules and ions on gastric emptying.
J . Physiol., 154, 254 - 269.

Hydan, S. (1955) A turbidimetric method for the determination 
of Mgher polyethylene glycols in biological materials. 
Lantbr. Hdgsk. Annlr,, 139 - 145.

Iggo, A. (1957) Gastric mucosal chemoreceptors with vagal 
afferent fibres in the cat. Q. J . exp. Physiol.,

898 - 409.

ïnberg, M. ¥ .  and Vuorio, M. (1969) Human gall bladder function 
after selective gastric and total abdominal vagotomy. 
Acta. Chir. Scand., 135, 625 - 633.

Inberg, M. V. (1969) Clinical experience with selective gastric 
and total abdominal vagotomy. Special reference to 
insulin test and post-vagotomy diarrhoea. Ann. Chir. 
et Gynec. Fenn., 58, Buppl. 165, 5.

Inter one, C. Del Finado, J . E ., Miller, B ., Bombeck, C. T.
and Hyhua, L. M. (1971) Parietal cell vagotomy: 
studies of gastric emptying and observations of 
protection from Mstamine-induced ulcer.
Arch. Surg. (Chicago), 102, 43 - 44.



îsaza, J . ,  Bugawara, K-, Curt, J . and Woodward, E. E. (1971)
The ixitluence of mesenteric denervation on the 
inhibition of gaeti'ic secretion by fat m the intestine.
Gut, 12, 34 ™ 39.

ïsasa, J . , Jones, D. T ., Dragstedt, L, E. and Woodward, E. E.
(1971) The effect of vagotomy on motor function of 
the gall bladder. Surgery, TO, 616 - 621.

Issnberg, J . I . , Stening, G. F ., Ward, 3, and Grossman, M. I.
(1969) Relation of gastric secretory response in man 
to dose of insulin. Gastroenterology, 395 - 398.

Isenbarg, J . I . , Stening, G. F . , Pitcher, J . L. and BroolsB, A.IVE
(1970) The effect of graded insulin doses on 
incompletely vagotomized subjects. Gastroenterology, 
59, 698 - 700.

Ivey, K. J . and dchedl, H. P. (1970) Gastric nonabsorbable 
indicators for studies in man. Gastroenterology,
59, 234 - 239.

Ivy, A. C. and Old berg, E. (1928) A hormone mechanism for 
gall bladder contraction and evacuation. Amer. J. 
Physiol., 86, 599 - 613.

Jacteon, E. G. (1948) Anatomic study of the vagus nerves, 
with a technic of transabdominal selective gastric 
vagus resection. Arch. Burg. (Chicago), 87, 333 - 352.

Janowitz, H. D. and Hollander, F. (1951) Critical evidence 
that vagal stimulation does not z^elease gastrin.
Proc. Boc. exp. Biol. Med., 76, 49 « 52.

Janowitz, H. D. (1969) Bile in the stomach. Gastroenterology,
57, 356 ™ 357.

JansBon, G. and Martinson, J . (1965) Borne quantitative
considerations on vagally induced relaxation of the 
gastric smooth muscle in the cat. Acta, physiol, scand., 
63. 351 - 357.



Jansson, G. (1989) ¥ago-vagal reflex relaxation of the stomach 
in the cat. Acta physiol* scand., 245 - 252.

Javidj li* (1955) Nutrition in gastric surgery with particular 
reference to nitrogen and fat assimilation*
Surgery, St. Louis, 38, 841 - 651.

Jemerin, E. E*, Hollander, F. and Weinstein, ¥ . A. (1943)
A comparison of insulin and food as stimuli for the 
differentiation of vagal and non-vagal gastric pouches. 
Gastroenterology, 1_, 500 - 512,

Jennings, M. A, and Florey, H. W. (1940) The influence of the 
vagus on the secretion of mucus by the stomach*
Q. J. exp. Physiol., 3 ^  329 - 330.

Jepson, K. and Joiinston, D. (1968) Effect of vagotomy on human 
gastric acid secretion stimulated by gastrin 
pentapeptide and by histalog* Gastroenterology, ^
665 - 889.

Jepson, K., Lari, J , and Johnston, D. (1668) Studies of gastric 
secretion in vagotomized men. Br. J . Surg., 55,
388 - 389. ~

Johnson, A. N. and Koos, F. A. (1964) Significance of vagal
influences on release of antral gastrin. Amer. J . Surg. 
108, 31 - 35.

Joiinson, F. E. and Boyden, E. A. (1952) The effect of double 
vagotomy on the motor activity of the human gall 
Madder. Surgery, St. Louis, 591 - 601.

Jolmson, H. D, (1961) The pylorus : its function and some
surgical considerations. Proc. Roy, Boc. Med.,
938 - 940.

Johnson, L. E. and Grossman, M. I . (1968) Secretin: the 
enterogastrone released by acid in the duodenum.
Amer, J. Physiol., 215, 885 - 888.



Johnson, L. E. and Grossman, M. I# (1971) Intestinal hormones
as inhibitors of gastric secretion. Gastroenterology,
60, 120 - 1

Johnston, D. and Duthie, E. L. (1904) Effect of acid in the
duodenum on histamine -stimulated gastric secretion 
in man. Gut, 5, 573 - 580.

Joluiston, D. and Duthie, H. L. (1905) Inhibition of gastrin
secretion in the human stomach. Lancet, 2, 1032 - 
1036.

Johnston, D. and Duthie, H. L. (1966) InMfoition of histamine- 
stimulated gastric secretion by acid in the duodenum 
in man. Gut, _7, 58 - 68.

Johnston, D ., Goligher, J. C. and Duthie, H* L. (1966)
Medical vagotomy : an assessment» Br. med. J . ,
2, 1481 - 1485.

Jolmston, D ., Thomas, 14. G,, Checketts, E. G. and DutMe, H.L 
(1967) An assessment of post-operative testing for 
completeness of vagotomy, Br. J. Burg., ^  831 - 
833.

Johnston, D, and Jepson, K. (1967) Use of pentagastrin in a
test of gastric acid secretion. Lancet, 2, 585 - 588.

Johnston, D. and Duthie, E. L. (1969) Effect of fat in the
duodenum on gastric acid secretion before and after 
vagotomy in man. Scand. J. Gastroent., 4, 561 -567.

Johnston, D. and Wilkinson, A. R. (1970) Highly selective
vagotomy without a drainage procedure in the treatment 
of duodenal ulcer. Br. J . Burg., 289 - 296.

Johnston, D. and Goligher, J. C. (1971) The influence of the 
individual surgeon and of the type of vagotomy upon 
the insulin test after vagotomy. Gut, 12, 963 - 967.

Johnston, D ., Humphrey, C. S ., Smith, R. B. and Wilkinson,
A. R. (1971) Should the gastric antrum be vagally
denervated if it is well dramed and in the acid stream ?uenervatea ii ii is weiA arame 
Br. J . Surg., 58, 725 - 731.



Johnston, D ., Willdnson, A. R., Humphrey, C. S ., Smith, H. B 
and Goligher, J. C., îCragelund, E. and Amdrup, E.
(1972) Serial studies of gastric secretion after 
highly selective (parietal cell) vagotomy.
Part I Determination of the dose of pentagastrin 

eliciting maximal acid output after HSV.
Part II Effect on spontaneous and pentagastrin- 

stimulated maximal acid output.
Part III The insulin test.
Submitted to Gastroenterology.

Jones, R. S. and Brooks, F. P. (1965) The pyloric antrum 
as a mediator of insulin induced choleresis. 
Physiologist, 8, 202.

Jones, T. W ., De Vito, R. V ., Nyhus, L. M. and HarMns, H.N. 
(1957) The effect of antroneurolysis upon antral 
function of the stomach. Burg. Gynec. Obstet.,
105, 687 - 692.

Jones, W. M. and Griffith, C. A. (1970) On the question of 
vagal reinnervation of the stomach.
Part Ï The permanence of the amount of the 

residuaily innervated gastric mucosa.
Ann. Surg., 171, 365 - 368.

Part IX The unchanging secretory and ulcerogenic
potentiaL
Ann. Burg., I J ^  369 - 372.

Jordan, P. H. and Quintana, E. (1964) Insulin inhibition of
gastrin-stimulated gastric secretion. Gastroenterology 
47, 617 - 625.

Jordan, P. H. and Condon, H. E. (1970) A prospective
evaluation of vagotomy-pyloroplasty and vagotomy- 
antrectomy for treatment of duodenal ulcer.
Ann. Surg., 172, 547 - 568.



Kamionkowslü, M., Grossman, S. and Fleschler, B. (1964)
The inhibitory effect of secretin on broth-stimulated 
gastric secretion in human subjects. Gut, 5, 237 - 
240.

Kay, A. W. (1953) Effect of large doses of histamine on gastric 
secretion of IÎC1: an augmented Mstamine test.
Br. med. J ., 2, 77 - 80.

Kay, A. W. (1958) The pyloric antrum and peptic ulceration. 
Proc. World Congr. Gastroent., p 833 - 836.

Eay, A. W. (1970) Research in medicine. Ann. Roy. Coll.
Burg. Engl., 47, 61 - 77.

Kelly, K. A ., Nyhus, L. M. and Harkins, H. N. (1904)
The vagal nerve and the intestinal phase of gastric 
secretion. Gastroenterology, ^  163 - 171.

Kennedy, T. and Connell, A. M. (1969) Selective or truncal 
vagotomy. Lancet, 899 -901.

Kennedy, T. and Connell, A. M. (1970) Selective or truncal 
vagotomy, Lancet, J , 675.

Killen, D. A. and Symbas, P. N. (1962) Effect of preservation 
of the pyloric sphincter during antrectomy on post
operative gastric emptying. Amer. J. Burg., 104,
836 - 842.

Kirk, R. M. (1965) Mucosal antrectomy with vagotomy in the 
treatment of duodenal ulcer. Br. J. Burg.,
604 - 606.

Kirk, Ii. M. (1970) The size of the pyloroduodenal canal:
its relation to the cause and treatment of peptic ulcer. 
Proc, Roy. Soc. M:ed., 6^, 46 -4 8 .

Klempa, I ., Holle, F . , Brucloier, W ., Welsch, K. I i . ,
Handle, H. and Von Wolff, A. (1971) The effect of 
selective proximal vagotomy and pyloroplasty on 
gastric secretion and motility in the dog. Arch. Surg., 
(Chicago), 103, 713 - 719.



IConturek, S. J . andGrossman, M. 1. (1969) Effect of
perfusion of intestinal loops with acid, &t, or 
dextrose on gastric secretion. Gastroenterology, 
48, 481 -  488.

Konturek, 8. J . ,  Oleksy, J. and Wysocki, A. (1968)
Efiect of atropine on gastric acid response to 
graded doses of pent^astrin and histamine in 
duodenal ulcer patients before and after vagotomy. 
Amer. J. dig. D is ., 13̂ , 792 - 800.

Konturek, S. J . ,  Wysocki, A. and Oleksy, J. (1968)
Effect of medical and surgical vagotomy on gastric 
response to graded doses of pent^astrin and 
hisüimine. Gastroenterology, ^  392 - 400.

Korman, M. G ., Soveny, C. and Hansky, J. (1971)
Serum gastrin in duodenal ulcer: I. Basal levels and 
the effect of food and atropine. Gut, ^  899 -  902.

Korman, M. G ., Hanslqr, J. and Scott, P . R. (1972)
Serum gastrin in duodenal ulcer. Part HI 
Influence of vagotomy and pylorectomy.
Gut, ^  39 - 42.

Korman, M. G ., Hansky, J . ,  Coupland, G. A. E. and 
Cumberland, V. H. (1972) Serum gastrin in 
duodenal ulcer. IV Effect of selective gastric 
vagotomy. Gut, 1^  163 -  165.

Korman, M. G ., Soveny, C. and Hansky, J. (1972)
Gastrin studies in gastric ulcer. Gut, W, 166 - 169.

Kjfster, K. n . and Rune, S. J. (1963) A ntral control of 
gastric acid secretion. Lancet, 2, 1183 -  1187.

Kç/e$»r, J . and Madsen, P . (1970) The intragas trie pressure 
béEore and immediately after truncal vagotomy. 
Scand. J. Gastroent., 5, 381 -  383.

Kraft, R. O ., Fry, W.J. and Ransom, H. K. (1962)
Selective gastric vagotomy. Arch. Surg., ^  687 - 
694.



Kraft, R. O ., Fry, W. J ., Wilhelm, K. G. and Ransom, U.K. 
(1967) Selective gastric vagotomy: a critical 
reappraisal. Arch. Surg., 95, 625 -  630.

Krause, U. (1963) Long term results of medical and
surgical treatment of peptic ulcer. Acta chir.
Scand., Suppl. 310.

Ktonborg, O ., Malmstrom, J. and Christiansen, P . M. (1970)
A comparison between the results of truncal and 
selective vagotomy in patients with duodenal ulcer. 
Scand. J . Gastroent., 5, 519 -  524.

Kronborg, O. (1970) Methods and results of repeated insulin 
tests in patients with duodenal ulcer. Scand.
J. Gastroent., 5, 577 - 583.

Kyle, K. F . and Welbourn, R. B. (1966) The meclianism of 
gastric hypersecretion following pancreatic duct 
ligation. Br. J. Surg., W, 380 -  384.

Lai, K. S. (1964) Studies on gastrin. Gut, 5, 327 -  341.

Landboe-Christensen, E. (1944) Extent of the pylorus zone
in the human stomach. Acta Path. Microbiol. Scand., 
Suppl. 54, 671 - 692.

Landor, J. H. (1964) The effect of extragas trie vagotomy on 
Heidenhain pouch secretion in dogs. Amer. J. dig. 
D is ., 9, 256 -  269.

Latarjet, A. (1921) Effects de la section et de l'excitation des 
nerfs propres de l'estomac sur la motricité de 
cet organe. C. r . Seanc. hebd. Soc. B io l., 84,
985 - 987.

Latarjet, A. (1922) Resection des nerfs de l'estomac.
Technique opératoire. Résultats cliniques.
Bull. Acad. Nat. Méd. (Paris), 87, 681, 
quoted by C. A. Griffith, 1969.



Lawson, H. H. (1964) Effect of duodenal contents on the 
gastric mucosa under experimental conditions: 
preliminary comm unication. Lancet, 469 - 472.

Lawson, H. H. (1966) Gastritis and gastric ulceration.
Br. J. Burg., ^  493 -  496.

Lee, M. (1969) A selective stain to detect the vagus nerve in
the operation of vagotomy. Br. J , Burg., 6^  10 -  13

Legros, Q. and Griffith, C. A. (1968) The anatomic basis for 
the variable adequacy of incomplete vagotomy.
Part I The various secretory and ulcerogenic 
potentials of various anatomic types of incomplete 
vagotomy in Shay-rate.
Part n The various responses to insulin of 
various anatomic types of incomplete vagotomy 
in dogs.
Ann. Burg., (I) 1030 -  1034, (H) 1036 - 1042.

Legros, G. and Griffith, C. A. (1968) Efferent secretory 
vagal innervation of the antrum. Burg. Forum,
19, 320 -  321.

Legros, G. and Griffith, C. A. (1969) The anatomic pathways 
of the vagal fibres to the antral mucosa. Surgery,
66̂  751 - 754.

Legros, G. and Griffith, C. A. (1970) The permanence of 
adequate incomplete vagotomy; a preliminary 
study in dt^s. Surgery, 67, 654 -  657.

Lenninger, S. G ., Magee, D. F. and White, T. T. (1965)
Effect of gastric, extragastric and truncal vagotomy 
on the external secretion of the pancreas in the dog. 
Ann. Burg., ^  1057 - 1062.

Liedberg, G. (1969) The effect of vagotomy on gall bladder
and duodenal pressures during rest and stimulation 
with cholecystohinin. Acta chlr. Scand., 135,
695 - 700.



Liedberg, Q, (1B6S) The effect of InsuUn liype^lycaemia
on bile flow and composition. Acta. chir. Scand.,
138, 328 -  327.

Limboseh, J. M ., Da Graef, J . and Gerard, A. (1871) Effect 
of insulin on acid and pepsin secretion in 
vagotomized and non-vagotomlzed patients 
already stimulated by pentagastrln. Scand. j .  
Gastroent., 6, 183 -  1

Linares, C. A ., de la Rosa, C ., Woodward, E. B . and 
Dragstedt, L. R. (1864) Experimental gastt*ic 
ulcer. Effect of gastroenterostomy and 
pyloroplasty on clironic gastric ulcers produced 
% vagotomy in rabbits. Arch. Burg. (CMcago),
80, 032 - 688,

M f M l T

Lind, J . F . ,  Dut Me, H. L ., Schlegel, J . F . and Code, C. F . 
(1861) Motility of the gastric fundus.
Amer. J . Physiol., 201, 187 -  202.

Loeweneck, H ., Ludinghausen, M. and Mempel, W. (1867)
M. vagus und chollnergisciies System am Magen 
des Mensclien. (1) Die vagftle Mageninnervation.
Neue anatomische Erkenntnlsse fur die selektive 
TOgotomie. Munch, med. W schr., 108, 1704 -  1762.

Loeweneck, H. (1067) liber die parasympathischa Innervation 
des Magena. Munch, med. Wschr*, 100, 380 -  400.

Logan, Î-Ï. (1864) Steatorrhoea and diarrhoea after vagotomy: 
a comparison of drainage procedures. Gut, 5,
188 -1 9 1 .

Longhi, 1 .  H ., Greealea, H. B ., Bravo, J . L ., Guerrero, J.D  
and Dragstedt, L. E . (1657) Question of an inhibitory 
hormone from the gastric antrum. Amer. J . Physiol.
191, 04 -  70.

LowicM, B . M. and Littlefield, J. B. (1861) An experimental 
method of precisely defining the dimensions of the 
gastric anbrum. Burg. Forum, 1 ^  308 - 300.



Lowlcld, E. M. (1966) Protection against and resolution of 
clironic peptic ulcer by antroneurolysis. Burg.
Forum, J J , 318 - 319.

Ludwick, J. R ., Wiley, J . N. and Bass, P . (1969)
Pyloroplasty and vagotomy: early effecte on 
antral and duodenal contractile activity .
Arch. Surg, (Chicago), M , 553 - 559.

Macdonald, J, M ., Webster, M. M ., Tennyson, C. H. 
and Drapanas, T. (1969) Serotonin and 
bradykinin in the dumping syndrome. Amer. J . Surg. 
117, 204 - 213.

Makhlouf, G. M ., McManus, J. P . A. and Card, W. I. (1964) 
The action of gastrin n  on gastric acid secretion 
in man. Lancet, _2, 485 - 490.

Makhlouf, G. M ., McManus, J . P . A. and Card, W. I. (1965)
A comparative study of the effects of gastrin, 
histambie, histali^ and mechothane on the 
secretory capacity of the human stomach in 
two normal subjects over 20 montlis^
Gut, 6, # 6  - 534.

Maki, T ., Shiratori, T .,  Hatafulm, T. and S u g a i^ a , K.
(1967) Pylorus “preserving gastrectomy an 
improved operation for gastric ulcer. Surgery, 6L  
838 “ 845.

Mami, F . C. and Bollman, J . L. (1931) A method for making 
a satisfactory fistula at any level of the gastro- 
intestinartract. Ann. Surg., 93, 794 - 797.

Marks, I. H. (1961) The augmented histamine test. 
Gastroenterology, 41, 599 -

Mason, M, C. and Giles, G. R. (1968) The post-operative
hisulin test: failure to detect incomplete vagotomy 
in patients with high acid levels. Br. J . Surg., 
865 (Abstract).



Mason, M. C ., Giles, G. R ., Graham, N. G ., Clark, C. G. 
and Goligher, J. C. (1968) An early assessm ent 
of selective and total vagotomy. Br. J . Surg.,
55, 677 - 080.

Mason, M. C. and Giles, G. R. (1969) The post-operative
insulin test -  a f  urther assessm ent. Br. J . Surg.,
56, 384 (Abstract).

McArthur, J . ,  Tanlœl, H. I . ,  and Kay, A. W. (1960)
A comparison between the effects of liexamethonium 
and atropine in combination and of vagotomy 
with gastrojejunostomy on human gastric secretion. 
Gut, 1, 230 - 236. i

I

McCrea, E. D'A. (1924) The abdominal distribution of the vagus J 
J. Anat., 59, 18 - 40.

McCrea, E . D'A . (1926) The nerves of the stomach and their 
relation to surgery. Br. J. Surg., 18, 621 - 640.

McGuigan, J. E . (1968) Gastric mucosal intracellular
localization of gastrin by immunofluorescence. 
Gastroenterology, 5^  315 -  327.

McKelvey, S. T. D ., Connell, A. M. and Kennedy, T. L. 
(1969) Gastric empfyii^ and transit time as 
factors in post-vagotomy diarrhoea. Gut, 1^  1047 
(Abstract).

McKelvey, S. T . D. (1970) Gastric incontinence and post
vagotomy diarrhoea. Br. J . Surg., 57, 741 - 747.

McNeill, A. D ., McAdam, W. A. F . and Hutchison, J. 3 . F.
(I960) Vagotomy and drainage in the treatment of 
gastric ulcer. Surg. Gynec. Obstet., 128, 91 -9 6 .

Menguy, R. and Thompson, A. E. (1967) Regulation of 
secretion of mucus from the gastric antrum.
Ann. N. Y. Acad. S c i., ^  797 - 803.



Middleton, M. D ., Kelly, K. A., Nyhus, L. M. and 
Harkins, H. N. (1965) Selective vagal e&cte 
on the intestinal phase of gastric secretion.
Gut, 6, 296 - 303.

Miller, B ., Bombeck, T ., Schiuner, W ., Condon, R .E .
and Nyhus, L. M. (1971) Vagotomy limited to 
the parietal cell m ass. Arch. Surg. (Chicago),
IDS, 153 -1 5 7 .

Miller, M. C. (1968) Cholelithiasis developing after
vagotomy: A preliminary report. Canad. M. A. J . ,  
98, 350 - 354.

Milton, G. W ., Maxwell, G. A. and Finckh, B . S. (i960) 
Changes in gastric acidity and epithelial 
regeneration following excision of the gastric 
mucosa in the dog. Br. J. Surg., 47, 562 - 566.

Mitchell, G. A. G. (1940) A macroscopic study of the nerve 
supply of the stomach. J . Anat., 75̂ , 50 -  63.

Moe, R ., Elopper, P. J . and Nyhus, L. M. (1965)
Demonstration of the functional anatomy of the 
canine gastric antrum. I operative technics 
requiring gastrotomy. Amer. J . Surg., 110,
277 - 285.

Morley, G ., Dawson, A. and Marks, V. (1968)
Manual and autoanalyzer methods for measuring 
blood glucose using guaiacum and glucose 
oxidase. Proc. Assoc. Clin. Biochem., J ,  42 -4 5 .

Multi-Centre Study, (1967) The effect of vagotomy on gastric 
secretion elicited by pentagastrin in man.
Lancet, 2, 534 -  636.

Muren, A. (1959) Effect of vagotomy on the secretory
responses of the Pavlov pouch to mecholyl and 
histamine. J. Physiol., 149, 70P.



Murray, J . G. and Thompson, J . W. (1956) The occurrence 
aW function of collateral sprouûng in the 
sympathetic nervous system of ti:e cat.
J . Physiol., 135, 133 - 163.

Murray, J , Q, and Thompson, J , W. (1057) Collateral sprout 
ing in response to injury of the autonomic nervous 
system , and its consequences. Br. med. B ull.,
13, 213 - 210.

Nalmwold, D. K . ,  Cooke, A .  E .  and Grossman, M. I. (1867) 
CSioleresis induced by stimulation of the gastric 
antrum. Gastroenterology, 62, 18 - 22,

Nielsen, J . E . (1664) Development of cholellthiasia following 
vagotomy. Surgery, 66, 900 -  911.

Nielsen, J. E . (1964) The development of cholellthiaeis
following vagotomy. Amer. J . dig. D is ., ^  506 -  
508.

Nobles, E . E . (1966) Vagotomy and gastroenterostomy:
15-year follow-up of 178 patients. American 
Surgeon, 32, 17? - 182.

Novls, B .  a . ,  Bank, S .  and Marks, I. N . (1871) The
cephalic pl&ase of pancreatic secretion in man. 
Scand. J . Gastroent,, 6, 417 -  4

Nyhus, h, M ,, Chapman, N .D ., D eV ito, R. V. and 
Harkins, H. N. (i960) The control of gastrin 
release. An experimental study illuatratb% a 
new concept. ÔistroentorolQgy, 30, 582 -  588.

ûborhelman, H. A ., Woodward, E . E .,  aubiran, J . M. and 
Dragatedt, L. R, (1962) Pliysiology of the gastric 
mttrum. Amer. J . F t^ slo l., 166. 738 -  748.

Oberhelman, H. A ., Rigler, S. P . and Bragstedt, L. R.
(1957) Bignificance of innervation in the function 
of the gastric antrum. Amer. «T. Physiol., 190, 
391 -  365.



Oberhelman, H. A ., Jolmson, A. N. and Dragstedt, L. R. n
(1961) Relationship of antral and fnndic vagal 
denervation to gastric secretion. Amer. J. Physiol. 
201, 171 - 174.

Okinaka, A ., Moody, F ., Dineen, J . , Beal, J . M. and 
Martin, K. A. (1959)
Experimental production of peptic ulcers without 
increased secretion of acid. Surgery, ^  70 -  75.

Olbe, L. (1963) Significance of vagal release of gastrin
during the nervous phase of gastric secretion in 
d(%8. Gastroenterol(%r, 44, 463 -  468.

Pavlov, I. P. (1902) The work of the digestive glands.
Translated Igr W .T. Thompson. Griffin; London.

Payne, R. A. and Kay, A. W. (1962) The effect of vagotomy 
on tlie maximal acid secretory response to 
histamine in man. Clin. S c i., 22, 373 - 382.

Payne, R. A ., Cox, A. G ., Spencer, J . and Cheng, F . C. Y. 
(1967) Effect of vagotomy on gastric acid secretion 
stimulated by pentagastrin and liistamine.
Br. med. J . ,  ^  450 -457*

Pedersen, G. and Amdrup, E . (1970) The gastrointestinal 
passage of a physiological contrast medium in 
duodenal ulcer patients before and after vagotomy 
of the parietal cell m ass with preserved antral 
innervation or a selective gastric vagotomy with 
Finney pyloroplasty. In Advance Abstracts,
4th World Congress of Gastroenterology, p. 433, 
Danish Gastroent. A ss .,  Copenliagen.

Penner, A ., Hollander, F . and Saltzman, M. (1938)
The gastric absorption of phenol red in humans. 
Amer. J , dig. D is ., 5, 657 - 661.

Pe Thein, M. and Schofield, B. (1959) Release of gastrin
from the pyloric antrum following vagal stimulation 
by sham feedb%. J . Physiol. (Lond.), 148, 291 - 
305.



Pfeffer, H. B ., Stephenson, H. S . and Hinton, J. W. (1852) 
The effect of thoraco lumbar sympathectomy and 
vagus resection on pancreatic function in man, 
Ann. Surg., 186, 585 - 594.

Pollock, A. V. (1852) Vagotomy in the treatment of peptic 
ulceration. Lancet, 2, 795 - 800.

Preshaw, R. M ., Cooke, A. B . and Grossman, M. I. (1966) 
Sham feeding and pancreatic secretion in the dog.
Gastroenterology, 50, 171 - 178.

Pritchard, G. R ., Griffith, C. A. and Harkins, H.N. (1968)
A physiol(^ic demonstration of the anatomic 
distribution of tlie vagal system to the stomach.
Surg. Gynec. Obstet., 126, 791 ~ 798.

Puestow, C. B. (1931) The discliarge of bile into the duodenum: 
an e^merlBiental study. Arch. Surg., 23, 1013 -
1029. ■"

Pulvertaft, C. N. and Cox, A. G. (1968) Effects of vagotomy 
on haemopoiesis. Chapter 12, p. 150 in 
’After Vagotomy', Ed. J . A. Williams, and 
A. G.Cox. Butterwortlis: London.

Quigley, J . P . and Meschau, I. (1938) The role of the vagus
in tlie regulation of tee pyloric splitncter and adjacent 
portions of the gut, with especial reference to the 
process of gastric evacuation. Amer. J . Physiol., 
123, 166.

Reichle, F . A ., Newcomer, D. L ., Brigham, M. P .,
Reichie, R. M ., Labinsky, L. and Rosemond, G .P .
(1971) The effect of vagotomy on the liistamine 
content of the gastrointestinal tract. Arch. Surg., 
103. 133 - 189.

Eendall, M. and Silen, W. (1969) "The Biliary Tract" in 
"After Vagotomy", Ed. J . A. Williams and 
A. G. Cox. Butterworths: London.



Rhodes, J . ,  Evans, K. T ., Lawrie, J . H. and F w rest, A .P.M .
(1967) Coarse mucosal folds in the duodenum.
Quart. J . Med., 37, 151 -  169.

Robertson, C. R ., Langlois, K ., Martin, C. G .,
Slezak, G. and Grossman, M. I. (1950)
Release of gastrin in response to bathing the 
pyloric mucosa with acetylcholine. Amer. J. 
Plgrsiol., 27 -3 3 .

Roholm, K. (1930) Clinical investigations into the effect 
of intravenous injections of insulin.
Acta. med. scand., J78, 472 - 492.

Ross, B. (1964) Human gastric secretion in response to 
insulin before and after surgical vagotomy.
M .D. Thesis, Sheffield Universify. (quoted by 
Checketts, et a l. (1968) Gut, 9, 683).

Ross, B. and Kay, A. W. (1964) The insulin test after 
vagotomy. Gastroenterology, 46  ̂ 379 - 386.

Rovelstad, R. A. (1963) Gastric analysis, Gastroenterolc^,
^  90 -1 0 7 .

Royle, J. P . and Catchpole, B. N. (1967) Critical
evaluation of the assessm ent of maximal gastric 
secretion stimulated by histamine. Br. J . Surg.,
54, 56 -6 3 .

Ruckley, C. V. (1964) A study of the variations of the abdominal 
vagi. Br. J. Surg., 51̂ , 569 -  573.

Ruckley, C. V ., Falconer, C. W. A ., Small, W. P . and 
Smith, A. N. (1970) Selective vagotomy: a 
review of the anatomy and technique in 100 patients. 
Br. J. Surg., ^  245 -  248.

Rudick, J. and Hutchison, J. 8 . F . (1964) Effects of vagal 
nerve section on the biliary system . Lancet, 1,
579 - 581.



Rudick, J. and Hutchison, J. S. F . (1968) Evaluation of 
vagotomy and biliary function by combined oral 
cholecystography and intravenous cholangiography. 
Ann. Surg., 162, 234 - 240.

Runyeon, W. K. and Hosrr, S, O. (1957) The gastric ulcer 
problem: prognosis in masked malignancy. 
Gastroenterology, 415 - 421.

Sarles, H ., Dani, R ., Prezelin, Q ., Souvillo, C. and
Figarella, C. (1968) Cephalic pliase of pancreatic 
secretion in man. Gut, £, 214 - 221,

Sawyers, J. L ., Scott, H. W ., Edwards, W. H ., SchuU, H.J. 
and Law, D. H. (1968) Comparative studies of the 
clinical effects of truncal and selective gastric 
vagotomy. Amer. J. Surg., 115, 165 - 172.

Schapiro, H. and Woodward, E . E . (1962) Inlübition of 
secretin meclianism with local anaesthetics. 
Physiologist, 5_, 208.

Schein, C. J .,  Rosen, R. G ., Warren, A. and Gliedraan, M Jj. 
(1969) A vagal factor in cholecystitis. Surgery,
St. Louis, (^, 345 - 352.

Schrager, J . ,  Spinls, R. and Mitra, S. (1967) The antrum in 
patients with duodenal and gastric ulcers.
Gut, 8, 497 -  508.

Schofield, B. (1960) Vagal release of gastrin. Gastroenterolo
gy, 39, 511 -  814.

Scott, H. W. J r ., Sawyers, J . L ., Gobbel, W. G. J r ., 
Herrington, J. L. J r ., Edwards, W. E, and 
Edvmrds, L. W. (1966) Vagotomy and antrectomy 
in surgical treatment of duodenal ulcer d isease.
Surg. Clins. N. Am ., 349 -3 5 8 .

Serdiukov, A. S .,D ie s , St. Petersburg (1899) cited in 
Thomas, J. S . (1957) Physiol. R ev., 37, 453.



Sbajj H. and Gei'shon-Cohen, J* (1934) Experimental 
studies in gastric physiology in man.
II. A study of pyloric control. Hole of acid 
and alkali. Surg. Gynec. Obstet., 935 - 955.

Bliay, H., Gershon-Cohen, J. and Fels, S. B. (1939)
The absorption of hydrochloric acid by the 
human stomach. Amer. J. dig. D is., 6̂ , 361 - 363.

Bhay, H., Gershon-Cohen, J. and Fels, 8. B. (1942)
A self regulatory duodenal meciianism for 
gastric acid control and an explanation for the 
patliologic gastric physiology in uncomplicated 
duodenal ulcer. Amer. J. dig. D is., 9, 124 - 128.

Shiina, E. and Griffith, € . A. (1969) Belective and total
vagotomy Mthout drainage; a comparative study 
of gastric secretion and motility in dc^s.
Ann. Surg., 169, 326 - 338.

Shimizu, H. J ., Morrison, R. T. and Harrison, E. C* (1958) 
Inlü bition of vagally stimulated gastric acid by 
the pyloric antrum. Amor. J. Physiol., 194, 531 - 
534.

Biffert de Paula e Silva, G. (1949) A simple method f5r
computing the volume of the human gall bladder. 
Radiology, 94 - 101.

Silver, D ., Porter, J* M., Acinapura, A. J. and
McGregor, F. H. (1986) The pathogenesis and 
management of the dumping syndrome.
Monographs in the Surgical Sciences, 365 - 406,

Sir eus, W. (1958) Studies on the mechanisms in the duodenum 
inhibiting gastric secretion. Q. Jl. exp. Physiol., 
éS, 114 - 133.

Smith, G. K. and Farris, J, M. (1963) Some oWervations 
upon selective gastric vagotomy. Arch. Surg,,
86, 716 - 725,



Snape, W. J, (1848) Studies on the gall bladder in
unanssthetiaed dogs before and after vagotomy. 
Gastroenterology, 10,129 -1 3 4 .

Snape, W. J . ,  Friedman, M. II. F . and Thomas, J . E . (1948) 
The assay of cholecystokinin and the influence of 
vagotomy on the gall bladder response. 
Gastroenterolc^, 496 -  501.

Snedecor, J. W. and Cochran, W. G. (1968) Statistical 
methods . Ed. 6. Iowa State Univ. Press,
Ames, Iowa.

Spencer, J . , Burns, G. P ., Cheng, F . C. Y ., Cox, A. G.
and Welbourn, H. B. (1969) Differences between 
males and females bi the Hollander insulin test.
Gut, 10, 307 - 310.

Spencer, J. and Stening, G. F. (1971) The long-term stability 
of the insulin test after partial vagotomy in the dog. 
Br. J. Surg., 58, 510 - 512.

Stadaas, J. and Aune, S. (1970) Intragastric pressure/volume 
relationship before and after vagotomy.
Acta chir. Scand., 1 ^  611 -  615.

Stadil, F . (1972) Effect of vagotomy on gastrin release
during insulin hypoglycaemia in ulcer patients. 
Scand. J. Gastroent., 7, 225 -2 3 1 .

Stammers, F . A. R. and Williams, J . A. (1963) 'Partial 
gastrectomy; complications and m e ta ll ic  
consequences'. Butterworths: London.

State, D ., Katz, A ., Kaplan, R. S .,  Herman, B .,
■ Morgens tern, L. and Knight, I. A. (1955)

The role of the pyloric antrum in experimentally 
induced peptic ulceration in dc^s. Surgery, M,
143 -  148.



State, D. (1960) The role of the gastric antrum in 
experimental ulceration and regulation of 
gastric secretion. Gastroenterology, 38,
15 - 20. ”

Stavney, L. 8 ., lûito, T ., Griffith, C. A ., Nyhus, L. M. 
and Harkins, H. N. (1963)A physlolc^ic study 
of motility changes following selective gastric 
vagotomy. J. Surg. E es., 390 - 394.

Btempien, 8. J. (1962) Insulin gastric analysis: teciinic 
and interpretations. Amer. J. dig. D is., 7,
138 - 152.

Stening, G. F. and Grossman, M. I. (1970) Gastric acid 
response to pentagastrin and histamine after 
ejdra-gastric vagotomy in dc^s. Gastroenterology, 
^  364 - 371.

Sugawara, IC., Chawla, E. C., Isaaa, J . , Woodward, E. E.
and Eisentaarg, M. M. (1970) The effect of vagotomy 
on gastrin release after antral distention.
Arch, Burg. (Chicago), 100, 702 - 705.

Bwynnerton, B. F. and Tanner, N* C. (1953) Clironic
g a s tr ic  u lc e r . A comparison between a g a s tro -  

BjEOpically contro lled  s e r ie s  trea ted  m edically  
and a s e r ie s  trea ted  by su rg e ry , Br. m ed. J .,
2, 841 - 847.

Takita, S., Sakakiiiara, Y ., Kushlda, T ., Ejawahigashi, T.
and Kuramoto, M. (1971) Clinical and experimental 
studies on the gastric function after several types 
of vagotomy. Paper to 24th Congress of the Soc.
Int. de Chir., Moscow, August 21 « 26, 1971.

Tankel, H. I. and Hollander, F. (1958) Effect of imgotomy on 
pancreatic secretion. Amer. J. Physiol., 193,
393 - 399.



Tankel, H. I . ,  Gillespie, I. E .,  Clark, D. H ., Kay, A. W. and 
McArthur, J . (1960) Â clinical and statistical 
study of the effect of gastrojejunostomy on human 
gastric secretion. Gut, j., 223 -  229.

Tanturi, C .A. and Ivy, A. C. (1038) On the existence of
secretory nerves in tee vagi for reflex excitation 
and inhibition of bile secretion. Amer. J . Physiol., 
121, 270 - 283.

Thai, A. P .,  Perry, J. F . J r ., and Wangensteen, O. H. (1957) 
The physiologic effects of various fypes of 
gastrectomy on gastric acid production with special 
reference to the f unction of the denervated gastric 
antrum. Surgery, ^  576 -  588.

Thomas, J. E .,C rider, J. O. and Mc^an, C. J. (1934)
A study of reflexes involving the pyloric sphincter 
and antrum and their role in gastric evacuation. 
Amer. J. Physiol., W ,  683 -  700.

Thomas, J. E. (1957) Mechanics and regulation of gastric 
emptying. Physiol. R ev., 37, 453 - 474.

Tovey, F . I . ,  Swaminathan, M ., Parker, K. and Daniell,
(1968) Effect of vagotomy on the gastric secretion  
of acid chloride and pepsin in response to an antral 
stimulus and to insulin and maximal histamine 
stimulation. Gut, 9, 669 -  666.

Tovey, P . I. (1969) A comparison of Polya gastrectomy,
total and selective vagotomy, and of pyloroptesty 
and gastrojejunostomy. Br. J . Surg., ^  281 - 286.

Toye, D. K. M. and Williams, J . A. (1969) Radiology in tee 
assessm ent of teilures. In 'After V^otomy' 
pp. 306 - 322. Ed. J . A. Williams and A. G. Cox, 
Butterworths: London.

Uvnas, B. (1942) The part played by tee pyloric region in the 
cephalic phase of gastric secretion. Acta physiol. 
Scand., 4, Suppl. 13.



Uvnas, B ., Andersson, S .,  Elwin, C -E. and Malm, A. (1956) 
The influence of exclusion of the antrum-duodenum 
passage on the HCl secretion in Pavlov pouch d(%s. 
Gastroenterology, 30, 790 -  803.

Van Liere, E . J . and Sleeth, C. K. (1940) The emptying time 
of the normal human stomach as influenced by 
acid and alkali with a review of the literature.
Amer. J. dig. D is ., 7, 118 - 123.

Visick, A. H. (1948) Measured radical gastrectomy. Review 
of 505 operations for peptic ulcer. Lancet, 1, 505 -  
510.

Von Eiselsberg, A. (1910) Eur unilateralen Pylorusausschaltung. 
Wien. klin. Wchnschr., 23 , 44 - 48.

Von Eiselsberg, A. (1920) Zur behandlung des Ulcus ventriculi 
etduodeni. Arch. klin. C hir., 114, 539.

Von Mering, J. (1897) in J. Veiuhandl. kong. inn Med.,
15, 433, quoted by Thomas, J . E. (1957)
Physiol. R ev ., ^  453 - 474.

Waddell, W. H. and Wang, C. C. (1952) Effect of vagotomy on 
gastric evacuation of high-fat m eals. J. appl. 
Physiol,, 5 , 705 - 711. -

Ward, A. S. (1972) The effect of vagotomy on the inlübition of 
gastric secretion by intradfiodenal fat. Paper to 
Surgical Research Society, London, January 1972.

Wastell, C. (1966) Excretion of fat after vagotomy alone and in 
combination with pyloroplasty: an experimental study. 
Br. med. J . , 1̂ , 1198 -1199 .

Wastell, C. and E llis, H. (1966) Faecal fht excretion and stool 
colour after vagotomy and pyloroplasty. Br. med. J . , 
1, 1194 - 1197.



W astell, C ., Colin, J. F . ,  MacNanghton, J . I. and Gleeson, J.
(1972) Selective proximal vagotomy with and without 
pyloroplasty. Br. med. J . , JL, 28 - 30.

Watkin, D. F . L. and Duthie, H. L. (1971) Changes in the 
post-operative insulin test in relation to recurrent 
duodenal ulceration. Gut, 303 - 310.

Watkinson, G. (1951) A study of the changes in pH of gastric 
contents in peptic ulcer using the twenty four hour 
test meal. Gastroenterology, 1^, 377 - 380.

Weinstein, V. A ., Hollander, F . ,  Lauber, F. U. and Colp, R.
(1950) Correlation of insulin test studies and clinical 
results in a series of peptic ulcer cases treated 
by vagotomy. Gastroenterology, 1^, 214 - 227.

Welbourn, E . B ., Hallenbeck, G. A. and Bollmann, J. L. (1953) 
Effect of gastric operations on loss of fecal fat in the 
dog. Gastroenterology, M , 441 - 451.

Welbourn, E . B. and Burns, G . P .  (1964) The choice of
operation for duodenal ulcer on the basis of pre- 
operative gastric secretory studies. 7th International 
Congress of Gastroenterology, Vol. I, Bk. II, p. 163 - 
177.

Wertheimer, P . (1922) L'innervation et I'enervation gastriques: 
étude anatomique, expérimentale et clinique. Lyon: 
Imprimerie-Express.(quoted by C. A. Griffith, 1969).

Wheldon, E. J . ,  Venables, C. W. and Johnston, I. D. A. (1970) 
Late metabolic sequelae of vagotomy and gastro
enterostomy. Lancet, 1, 437 -440.

Whitaker, L. R. (1926) The mechanism of the gall bladder. 
Amer. J. Physiol., ^  411 -436 .

Wliite, T. T ., McAlexander, R. A. and Magee, D. F . (1962) 
Gastro-pancreatic reflex after various gastric 
operations. 8urg. Forum, 13, 286 -  288.



V/îüte, T. T ., McAlexander, R. A. and Magee, D . P. (1963)
The effect of gastric distension on duodenal 
aspirates in man. Gastroenterology, M , 48 -  51.

Wilkinson, A. R. and Johnston, D. (1971) Inhibitory effect
of cigarette smoking on gastric secretion stimulated 
by pentagastrin in man. Lancet, 2, 628 -  632.

Willdnson, A. R . and Johnston, D. (1972) Effect of truncal, 
selective and highly selective vagotomy in man 
on gastric emptying of food-and-barium. Paper 
to Surgical Research Society, London, January 1972.

Williams, E . J. and Irvine, W. T. (i960) Functional and
metabolic effects of total and selective vagotomy. 
Lancet, 1, 1053 - 1057.

Williams, J. A. (1966) 'Postyastrectomy bone disease* In 
'Post graduate Gastroenterology' p. 290. Ed. by 
T. J.^Thomson and I. E . Gillespie, London:
Baillierq Tindall and C assell.

Williams, J . A. andCox, A. G. (1969) 'After Vagotomy'
London: Butterworths.

Windsor, C. W. O ., Cockel, R. and Lee, M. J. R. (1969) 
Inhibition of gastric secretion hi man by intestinal 
fat infusion. Gut, 135 -  142.

Wise, L. and Ballinger, W. F . (1971) Effect of vagal stimulation 
and inhibition on gastric mucus and sulfated amino- 
polysaccharide secretion. Ann. Surg., 174, 976 -  981.

Wolürabe,D.E. and Kelly, W. D. (1959a) Studies on the role of \  
nervous mechanisms in antral function. Surg. Forum, 
9, 430 -433 .

Wohlrabe, D. E. and Kelly, W.D. (1959b) Motility studies of 
isolated antral pouches before and after vagus 
denervation. J . Appl. P t^ sio l., ^  22 -  26.



Woodward, E . R ., Harper, P. V ., Tovee, E. B. and
Dragstedt, L. R. (1949) Effect of vagotomy on 
gastric secretion in man and experimental animals. 
Arch. Surg. Chic*%o, ^  1191 - 1212.

Woodward, E . R ., Lyon, E. S ., Landor, J . and Dragstedt, L.R  
(1854) The pbysiol(%y of the gastric antrum; 
experimental studies on isolated antrum pouches in 
dogs. Gastroenterology, 27, 766 - 785.

Woodward, E . R ., Robertson, C ., Fried, W. and Shapiro, H.
(1957) Further studies on the isolated gastric antrum. 
Gastroenterol(%y, 32, 868 -  877.

Wormsley, K. G. and Grossman, M. I. (1964) Inlübition of 
gastric secretion by secretin and by endogenous 
acid in the duodenum. Gastroenterology, ^  72 - 81.

Wormsley, K. G. and Grossman, M. I. (1965) Maximal lüstalog 
test in control subjects and patients v/ith peptic ulcer. 
Gut 6, 427 - 435.

Wormsley, K. G. (1968) Gastric response to secretin and 
pancreozymin in man. Scand. J . Gastroent., 3, 

-636 .

Wright, R. D ., Jennings, M. A ., Florey, H. W. and Lium, R.
(1940) The influence of nerves and drugs on secretion  
ty the sm all intestine and an investigation of the 
enzymes in intestinal juice. Q. J. exp. Physiol.,
30, 73 -  120.

Zaterka, S. and Grossman, M. 1. (1966) Tite effect of gastrin
and histamine on secretion of bile. Gastroenterology, 
50, 500 -  505.



jACENOWLEDGEMENTS

TIüb thesis is built on foundations which consist of 

the careful observations of other workers. I aclaiowledge 

my debt to ail of them; in particular, to Dragstedt, for his 

re-introduction of truncal vagotomy, and tiis demonstration 

that acid in the antrum iniiibits the release of gastrin; to 

Griffith and Burge, the doughty champions of selective 

vagotomy; to Cannon and Code^who defined the workings of 

the antral mill; to Griffith again, and Harldns, who first 

performed highly selective vagotomy in animals; and to 

George, McICelvey, Connell and Kennedy, who showed so 

clearly why the results of vagotomy with drainage were so 

imperfect. .

I talce this opportunity to thank Sir Charles Illingworth 

and hie team in 1960 for stimulating my interest in the problem

of peptic ulcer. It gives me great pleasure to express my 

gratitude to my surgical mentors, Professor H. L. Dutiüe and 

Professor J. C. Goligher, for guiding and fostering that interest 

in the past ten years, and for affording me generous facilities 

and every encouragement in my work. The stimulus to try to



improve the results of surgery for duodenal ulcer was provided 

by the demonstration ty Professor Goligher and Ms colleagues 

in the Leeds-York trial tliat the results of vagotomy with drainage 

were no better tlrnn those of partial gastrectomy.

I tliank my colleagues in the Leeds-York Gastric 

Follow-up Clinic, Profeesor Goligher, Dr. C. N. Pulvertaft 

and Dr. B. E. Wallcer, for many a stimulating discussion, and 

for permission to quote data from the Clinic. Ï have also 

worked in close collaboration with Professor E. Amdrup and 

Dr. E. Kragelmid, formerly of the Surgical Department I, 

Eommunehospitalet, Copenhagen. Professor Amdrup and I 

began, quite independently, to do HB¥ in early 1969, and we have 

co-operated in studying both gastric secretion and the clinical 

outcome after the nev/ operation. I tliank Professor Amdrup 

for permission to quote the results of some of these collaborative 

studies.

ïn Britain, Mr. H. Burge, Mr. E. M. Kirk and 

Mr. J. S. F. Hutchison kindly allowed me to carry out secretory 

tests in tiieir patients who iiad undergone selective vagotomy 

without a drainage procedure. I thank them once again for their 

hospitality and for their help.



tn my own hospital, Dr. ÏC, C. vSimpkins,

Dr. G. J. 8. Parkin and Miss Anne Hawkswell of the 

Department of Radiology have cooperated in the studies 

of gastric emptying and of gall bladder function. Ï am 

most grateful to them, and also to the many colleagues 

in the Departments of Anaesthesia, Chemical Pathology, 

Haematology, Medical Illustration and elsewhere who Imve 

helped in this work. I thank Miss Gwyneth Salter,

Miss Mary D., Brown and Mr. E. Cree of the Department 

of Surgery for their assistance in the preparation of the 

figures.

The work presented in this thesis is, in parts, 

the product of a team of workers in the University Department 

of Surgery. I thaak my colleagues Mr. E. Hall,

Dr. A. E. Wiîlünson, Dr. C. B. Humphrey, Dr. B.. B. Smith, 

Dr. P. J . Lyndon and Mr. J , P. Edwards (biochemist),for their 

particular contributions to the effort of the team. The part which 

they played is described in detail in a covering letter.

To my secretary, Miss Elaine Bartholomew, who 

expended so much time and care in the typing of this thesis,

1 express my gratitude.



Finally, ï tlianic the patienta. They were fully 

informed about the nature of the various tests, yet few 

refused to help, and many liave returned time and again 

for tests of gastric secretion and gastric emptying. Their 

assistance has been invaluable.


