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Much of the material in this thesis is based on wor
which was undertaken in collaboration with others.

in the Leeds/York Gastric Follow~up Clinic, I hav
worked since 1668 with Professor J. C. CGoligher,
Dr. C. N. Pulvertafc, Dr. B, E. Walker and Mr., R. Hall.
I thank them for permission to guote the data collected in
the Clinic.

Qur team in Leeds has coopsrated with Professor
. Amdrup and v, B, Kragelund of Copenbagen in studying
the effects of highly selective vagotomy (HSV) on gastric
gecretion. We have read joint papers at the Surgical Regear:
Society and the British Society of Gastroenterology on the
results of the secretory studies andon the clinical results
which were obtained in Leeds and Copenhagen after HSV.
Several joint publications are awaiting publication. I have
referred in some detail to the repsulis {rom Copenhagen, with
Brofeggor Amdrup's full permission.

In the Univergily Department of Surgery at Leeds,
the work has been done by a team, of which I am the researcl

divector. The idea of highly selective vagotomy without a
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drainage procedure is entirely mine, and I am responsible

for the planning of all the studies reported in the thesis.
I taught the research agsistants how to carry out the tests
of gastric secretion, supervised their work closely, and
personally carried out many of the tests. Dr. A. R. Wilkins
was responsible for most of the tests of gasiric emplying of
the food-barium meal, and Dr. C, 8. Humphrey and
v, Wilkinson performed nearly all the tests of the emptying
of hypertonic glucose. Dr, 2. J. Lyndon has continued the
studies of fat~-induced inhibition which I began in coliaboratior
with Professor Duthie in Shefiield, and after I had superviged
the first few tests, Dr, Lyndon has done mogt of the work
without further supervision. In the study oi antroneurolysis
in dogs, I performed most of the operations and personally
carried out about 25 per cent of the secretory tests. Mp. R.
Congultant Surgeon, York County Hospital, performed the oth
operations, and most of the tegis of secretion.

Dr. R. B, smith performed a large number of
pentagastrin, insulin and 'GXQ' tests, and also acied as

anaesthetist in the animal theatre.



My, 4. P. Bdwards, blochemist to the Department
of Surgery, has taken a keen interest in the accuracy and
reproducibility of the measurements of papsin, polyeihylene

glycol and phenol red.
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Selective Vagotomy with Innervated Antrum without Drainage Procedure

for Duodenal Uleer

ir. Johnston and A, K. Wilkingon, University Uepartment of Hurgery,
The General Infirmary, Leeds. Br, J. Surg., B6,626,

Stimulated by descriptions of partial gastvic vagotomy by
Griffith and Havkins (1957) and of gegimental gasivic regection with
innervated antrum by Werguson et al. (1860), we have selectively
denervated the parietal cell mags, dispensing with a drainage
procedure, in a congecutive series of 15 pauis.... with uncomplicated
ehvonic duodenal ulcer,

Preservation of vagal nerve-supply for Gera, proximal to
the pylorus was steaighticrward, even in obese subjects. Precise
measurements were made of the innervated antrum. The nerves to
the antrum were demongirated and photographed. Mucosal biopsies
takaon at the junction of the Innervated and denervated areas showed
that parietal cells were sometimes lefit innervated.

Post-operative insulin tests, however, have all been negative
Pentegagtrin-stimulated acid output was reduced by 87.0 + 6 per cent,
which is sgual to the reduction found in this laboratory afier complete
conventional vagotoray.

The antrum Iefl innervated is well drained and is exposed
to acid inhibition. Novmal antropyloroduadenal regulation of gastric
emptying is presevved, ac is all exira-gastyvic vagal innervation.

The 15 patients have done well in the g.ort term. These
eayly results are encouraging, but it ig the clinical status =i § and 10

years that really witters,
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ferguson, . J., Dillings, ¥., Swenson, D., and Hoover, J. (1960)
Burgery, &t. Louls, 47, 5448,

i

Gritfith, C. A, and Havides, &. N. (2857) Gastroenterology, 32, 96.
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This 18 the firvst reference to vagotomy confined to the parietal cell
mags, without a drainage procedure, in man,



THE ANTERIOR NSRVE 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 regici.

Vagal denervation of the parietal cell mass has commenced at
the incisura angularis*
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ADBREVIATIONS USED IN THIS THESIS

OPERATIVE PROCEDURES

EHEV: highly selective vagotomy without a drainage
procedure

YT selective vagotomy

TV: truncal vagotomy

P pyloroplasty

Gd: gastrojejunostomy

TV+A: truncal vagotomy plug antrectomy

STIMULANTS OF GASTRIC SECRETION

jrleH pentagastrin (*Pepiavion': ICI)
OXO: proprietary meat extract
Ach: acetylcholine

ACID QUTPUT

BAO: basal (spontaneous) acid output

PAQO: peak acid output

pA0%%, pa0t, pA0YEO, PAGAM, eak acid outputs in
response to pentagastrin, insulin, OXO,
acetylcholine

MAOQO: maximal acid output



T.H.(AQ):

P.H.(AQ):

IR

L

NS

total~-hour acid output

peak-hour acid output

early ~positive (first-hour) acid response to
ingulin

late ~positive (second-hour) acid response to
ingulin

not significant

not done

Data have bzen expressed ag arithmetic means, plug or
minus one standard ervor ( + 1 SE) in most of the figures in the

thesis.



CHAPTER 1




In this Chapter, reference is made only to published
work or to unpubliched data which were known to me in 1968,
when Y had the idea of doing highly selective vagotomy for
duodenal ulcer. Subsequent publications, for example those
detalling the poor resulls of vagotomy with drainage, the work of
Burge and others on hilateral selective vagotomy without
drainage, the studies of highly selective vagotomy in doge, the
effecte of vagotomy on glasma gasirin conceniration, and other
relevant literature wilca appeared between 1869 and 1973, are
all discussed in the coucluding Chapter. Several additional
references appsar in the firvst paper on highly selective vagotomy
(Chapter 2), wiich was published in 1870. Although the
pioneering work of Jart and Folle in Munich on selective
proximal vagotomy with & drainage procedure or aantrectomy
had been published in German by 1868, 1 did not know of it,
and discussion of the findings of these workers will therefore

also be deferred until later chapters.



" 1t 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 gquirted back
through them with considerable violence. As has bzen 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 hard morsel and the soft food about it up to the sphincter,
only to have the whole mass shoot back, sometimes half way
along the antrum. Over and over again the process is repeated
till the sphincter at last opens and allows the more fluid parts

to poss.™

W, B. Cannon

A&Inero Jo ?hySi.Ol., .‘I;, 359 - 382, 1898.



There is no previous literature on vagotomy confined

to the parietal cell mass without a drainage procedure in man.

' (]
Ak udnR Ruiolelak

Near the upper end of the alimentary tract there is a
large muscular bag whose principal function igs o receive the meal,
to mix it and griad it and pass it on into the duodenum in small
gpurts of smooth chyme. The stomach is the “hopper' and the
"mill" of the alimentary canal. Itz emptying iz conirolled by
nervous reflexes and by hormones which regulate the activities
of the antrum, the pylorus and the duoﬁenumg'. All the standard
operations which have boen employed since the inception of
surgery for duodenal ulcer in the late 19th century - partial
gastrectomy, gastrojejunostomy slone, truncal or selective
vagotomy with a drainage procedure or antrectomy - have destroyed
this precise regulation of gastric empiying which is such a
haautiiul feature of normal gastyvic physiology; and they have all
destrcyed or impaired the "grinding” function of the antral mill.
Since they shave these basic defects, they all produce gide-~effects
such as dumping and diarrbesa, with the resull that fewer than

fifty per cent of the patients so treated achieve an absolutely



perfect clinical resulﬁg.

In 1968, being dissatisfied with the vesulte of
conventional surgery for duodenal ulcer, I devised a new
operation in which vagotomy was confined to the acid~ and pepsin-~
secreting part of the stomach. The vagal nerve supply to the
antral region and to all the extra-gastiric viscera wag preserved,
and the pylorus was leit intact. This "highly selective' vagotomy
was desgigned to eliminate side~effects such as dumping and
diarrhoea by preserving normal regulation of gastric emptying,
and to cure a higher percentage of ulcers than did the standard
truncal vagotomy, by preserving protective and inhibitory
mechanisms which are destroyed or damaged by the standard
operations.

THE INDIFFERENT RESULTSE OF CURRENT OPERATIONS

The ideal opesration for duodenal ulcer would have
no mortality, produce no side-effects, and cure every ulcer,
permanently. It would also be followed by perfeet anutrition in
the long term. The achievements of current methods of surgical
treatment fall some way short of thic ideal, The mortality rate
is 1 to 2 per cent, side~efiecis are the ruls rather than the

exception, the uleer recurs in between 1 and 14 per cent of patients,



and in the long term weight loss, irvon-deficiency anaemia and
even tuberculosis are far irom unmmmong ﬂm., ¥ive to eight
years after operation in the Leeds~-York progpective, randomized,
controlled trial?' of truncal vagotomy and gastrojejunostomy,
truncal vagotomy and antrectomy and Polya partial gasirectomy,
only 44 per cent of the patients wno had been treated by vagotomy
and gastrojejunostomy were found to have obtained a periect
clinical result, and only 70 per cent had a gocd-to-excellent
regult (Visick grades I and I comhired). Ten per cont were
outright failures and a further 20 per cent bad only a “"moderate
or "faiir” result. The resulls which were recorded after the

other two operationg were slightly, bit not significantly, better
(Table I). All tﬁ:«.*ee procedures were followed by a formid:.ble
incidence, and variety, of side -eifectgg (Table i), although it
gshould ke added that many of these were quite mild in degree.
Patients lost ten pounds in weight, on average, after both procedures
involving gasiric regection, whereas the msan weight logs was
four poundg afier vagotomy with gastrojejuncstomy. I a
subsequent study in Leedaa“, the clinical resulis five to eight
years aiter truncal vagotomy and pyloroplaaty were found to be

marginally worse than those which were recorded after vagotomy



and gastrojejunostomy. The conclugion that the newer opsration
of vagotomy with gastrojejunostomy did not yield betier resulls
than the time-honoured methed of partial gasirectomy was
supporied by the findings of Cc:»xm, in hig report in 1968 on the
results of the prospective random trial of these two operations
in Glasgow.

Although Iaudatory reports on the value of a variety
of operations for ducdenal ulcer were abundant in the literature,
the resgults of these two well-planned, critical {rials seemed to far
outweigh the rest. They were also extremely disappointing, for
no significant advance in gastric surgery had apparently been
made in the preceding eighty years, apart from the decreage in
operative mortality, which wag due in large measure fo factors
other than the type of operation which was perforined. The
superiority of vagotomy with a drainage procedure over partial
gastrectomy or vagotomy and antrectomy with respect to (slightly)
lower operative mortality and (presumably) better nutrition in the
long texm wasg offset by a higher incidence of recurrent uleeration
and by overall clinical results which were inferior to those which

L]

. 13
were found after the resection procedures™ .
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TARLE IT

T A R A W

Frequency of Symptoms Due to Disgturbance of Alimentary Function

Mve to BElght Years after Operatlon

Symptom

Operation Used

Vag.e & GJ

v o %
5 of aboub

Vag. & Antr.

(% of about

Subtot.
Gastrect. «
(% of about

Vag. & P.

(% of about

119 Cases) | 116 Cases) | 107 Cases) | 161 Cases)
Epigastric fullness 40.2 56,3 36,5 37,1
Early dumping 17.9 8.6 21.5 11.9
Tate dumping 6.0 4.3 0.9 1.9
Nausea 12,8 17.2 23,4 17.6
Food voiiting 1,3 9.6 5.0 4.4
Bile vomiting 14.5 15.8 13.1 10.1
Hearthburn 19.9 15,7 8.4 12.6
Flatulence 17.9 22.8 19.8 20.1
Dysphagia 1.1 0.0 0.0 0.6
Diarrhoea 26.3 23.2 6.5 21,7

¥ The percentages relate to the total number of cases in which the

particular symptom was elicited, which In some ingtances were a

few less than the numbers indicated.



REASQONS FOR FAILURE OF STANDARD OPERATIONS

In Leeds, the incidence of complete failure aiter
truncal vagotomy with a drainage procedure wag 10 to 12 per cent,
& to 8 yearg after opemtionz’ M‘. Half the failures aiter vagotomy
and gastrojejunostomy were aue to recurrent ulceration, and half
to the oceurrence of severe side-efiects, particularly dumping,
bilious vomiting and diarrhosa. After vagoiomy and pyloroplasty,
recurrent uiceration accounted for most of the failures. Twenty
per cent of patients had a 'iajr® result (Visick grade Iii), leaving
70 per cent with a good result (Vigick grades I and {i). The
symptoms which led to patients being placed in category Il were
predominantly epigasiric fullness, early dumping, vomiting and
diaxrrhosa. The challenge, then, was to lowar the incidence of
recurrent wiceration, and to attempt to eliminate these side-effects.

One poseible approach was to change irom truncal to
bilateral selective vagotomym’ 15. In selective vagotomy, the
atomach is denervaied from cardia to pylorus, but the hepatic
and cocliac vagal fibreg ave preserved. It ig thus a logical
ogeraiion, attocking only the {arget organ, but sparing the para-

gympathetic nerve supply to the pancreas, small intestine and



biliary tract. Whereag truncal vagotomy hag been shown to

16,17

cauge the gall bladder to dilate in man , Selective vagotomy

- 17 » -]
doss not” .  Selective vagotomy hag been claimed to lower the

~23

incidence of post-vagotomy dia.rrhoeam and also to reduce
the incidence of incoraplete gastric vagotomy%. In addition, it
possesses the theoretical advaniage of preserving the hepatic
and coeliae fibres, which lave been shown to mediate inhibition
of gastric secretion from Heidenhain pouches in degss% -2 '?, and
beitce might exert an inhibitory influence on acid ouiput from the
denervated parietal cell mass in man., Degpite its considerable
attractiong in theory, however, there was no convincing evidence
that the overall clinical results after selective vagotomy with a
drainage procedure were significantly batter than fhose which were
found affer truneal vagotomy with a drainage pmceﬁuregsmm.
The early, admittedly unconirolled, experience with selective
vagotomy and pyloroplasty in }’.,eedsm was not pavticularly
encouraging. There was little reduction in the incidence of
diarrhoea, duraping wag still a common side-effect, and the
incidence of incomplete vagal nerve section ag judged by the

resultg of the ingulin test wag little different from thot which wag

found after truncal vagotomy,



it seemed to me that the incidence of side~effects
would ba greatly reduced if the pylorus could be kept intact, and
not bypasged, and if normal, regulated gasivic emptying could bz
obtained through an intact antro~-pyloro-duodenal segment}'. n
18886, Code and his c:alleagu@ﬁgi had shown how the terminal
antral contraction in dogs not merely arresied the progress of
solid material near the pylorus but actually retropelied it
forcibly into the body of the stomach. The cine film of this work,
which Code showed a year later {o the British Soclety of Gastro-
enterolory, gave a clear and exciting picture of the antral mill in
action, It was obvious that pyloroplasty would destroy this
mechanisim, gastrojejuncstomy hypass it, while antrectomy or
gastrectomy would ablate it altogether. As 2 result, solid food
would pass, un-wmilled, and sometimes with ezcesgive rapidity, into
the gmall intestine. There, its physical state would make it
unsuiiable for absorpltion. These deductions fitted perfectly with the
obgervation of Wasi:allgg that pyloroplasty led to a significant
increase in the cutput of fascal faf in doge. In man, {00,
malabaorption of fat wag well documented after vagotomy with &

8,28,33-37

drainage procedure . Mxcessively~rapid emptying

of golid food afier vagotomy and pyloroplasty in man had been



noted by Colmer and hig coﬁeagues%, who found that a normal,
albeit radioactive, breakiast emptied much faster after vagotomy
and pylocoplasty (at least in the firet 20 minuteg aller the meal)
than it bad done before operation. This wag at variance with

the previous findings of Euczriersg , who reported that a test meal
of maghed potato left the stomach more slowly after vagotomy
and pyloroplasty.

Bmptying of fluids from the stomach ig also
excassively rapid after vagotomy with a drainage prcsedureéo_ég.
Thig may bs due in part to logg of the antrum and pylorus and in
part to loss of inhibitory neyvous reflexes and to diminished
release of hormones which inhibit gastric motility and delay
gastric emptyingi . The vole of inhibitory reflexes ig illustrated
by the findings of Waddaell and '%Pifang%, who noted that a gsemi-
fluld fatty meal slowed gastric emptying in patients with gasiro-
jejunostomy alone, but thal when vagotomy was added to the
gagtrojejunostomy, the fatly meal lefl the stomach more yapidly.

. e B4, O
Again, it has been shown by Hunt %91

that the vpper small intestine
containg osmorvecepiors which delay gasivic emptying by means of
nervous reflexes when gsolutionsg of high osmolarity enter the duwodenur

After truncel and selective vagotomy with a drainage procedure,



this "braking' mechanigim is lost, and fluid test meals of high
opmolavity emply in uncontrolled fashiou into the small intestine,
pass through it rapidly like a saline purgative, and produce

41,42 .
> The stomach is then truly "incontinent®

uprgent dizrrhosa
of liguids. The contribution of the Belfast gzc'cmp@ 42 wag thus
of great value, by their demonsiration that the stomach was
"incontinent’, that it was illogical to speak of vagotomy with
draivage as 'preserving the gastric reservoir®, and finally that
the vrime cause of dizrrhosa in many (but not all) cases was
incontinent gastric emptying. They also gshowed that posture
agswnes congiderable importance in gastric emptying after
vagotowmy and pylomglastyégn It the patient lies flat on his back,
even liquids empty slowly, but if he assumes the upright posture,
gastric emptying is pmcipitateég. The lgnid pouring out of the
stomach no doubt sweeps solid food with it into the small intestine
at an abnormally rapid rate after the terminal antrum angd pylorug
have haen digtorted or bypassed.

Disorders of gagivie emptying are thus respongihle for
many of the side~effects and failures of gastric surgery. I
emptying is excessively rapid, dumping and diarrhoza may ensue,

I it ig too slow, becauge of diminished antral pevisialsis after



vagotomy combined with a poorly ~functioning pyloroplasty or
gastroenterostomy, the patient may expervience side-giffects such
as nauges, vomiting and flatulence. The logs of co-ordination
of the contractions of the antrum, pylorus and duodenum after
pyloroplasty could lead to copious reflux of alkaline duodenal
content, rich in bile saits, onto the antrum. Regurgitation of
similar fluid into the stomach after gastrosnterostomy is also
to b2 expected. This material in the stomach might cause
irritation, nausea and vomiting.,
THE NEW QPERATION: VAGOTOMY OF THE PARIBTAL CELIL
MASS WITH PRESERVATION OF

ANTRAL INNERVATION WITHQUT A
DRAINAGE PROCEDURE

"

v a

PREGERVS TION OF CONTROLLED GARTRIC BMPTYING

THROUGH AN INTACT PYLORUS

SR s MAE s SNE Ewed S e Gew WEWE g WY WWE  MAES VMM ympos  wIER iR k)

it was clear thal the results of surgery for
duodenal ulcer would improve gignificantly if the normal
control of gasiric emptying could be retained; provided, of course,
that the opsration algo cured tha ulcer. (his was the nub of the
problem: how fo preserve the entire gasiric reservoir and induce

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



timpe enguring that the ulcer would heal and reimain healed.
Truncal vagotomy withoul 2 dirainage procedure was obviously

put of the guestion. Dyagstedt nad oviginally geriormed

: . 45 % .
transthoracic truncazl vagotomy without drainage™, but had o

re-operate on many of his patients to add a gastrojejunosiomy,

AR
W

pecause of the cccurrence of gross gastric retention {), Bilateral
selective vagotomy is also a complete gasiric vagotony, because
the nerves of Lataviet to the antral region of the stomach are
severed. The branches of the hepatic vagl which go to the pylorus
and distal antrum have not been shown to have any efferent

A5
function, despite careful investigation by several groups of workers.

‘ . 48 i x x
or example, Staviey and his colleagues who recorded intra-
? 2

C
I

antral pressure changes in dogs by raeans of fine polyethylene
tubes connected to strain guages, showed that intra-antral
pregsure increaged significantly when the vagal trunks were
gtimulated electvically., iowever, after bilateral selective
vagotomy, 0o ncrease i pressure was detected, nor .id direct
stimulation of the hepatic {ibres of the anterior trunk (which give
rige to the pylovie nerve) groduce an increase in pressure in the

T . " 34 I . . .
antrui. Similariy, o man, Burge ~ has demounsirated with his

h

electrical stimulaiion test ~ for completeness of vagoiomy that

selective



vagotoray completely eliminates the contractile responze of

the stomach: eleectrical stimulation of the hepatic and cosliac
vagi doeg not elicit any gastric contraction. Thege resulls
provide support for Franksson's observations in :%.9{%815 that
selective vagotomy canses ag much gastric stasis as doss truncal
vagotomy without & drainage procedure. Thug, vagoiomy of the
whole stoinach, whether truncal or bilateral pelective in type,
diminishes antral geristalsis and leads to gastric stasig.
Therefore, if the gtomach is to empty through an intact pylorus,
vagotomy of the gtomach must not be complete, but partial,

The portion of stomach remaining innervated should quite
clearly bes the distal part, the aniral "mill", whose powerful
contractions, so familiar to the radiologist and gasiroscopist,
provide the vis-a~tergo which propels the chyme out of the
stomach. The vagal nerve supply to the antral region of the

8,54 5 . 53 .
is provided by the nerves of Latarjet , otherwise

stomachﬁﬁ
known a8 the greater anterior and posterior gastric nerves
(of Mitclwll)gé. Thesge nerves run downwards in the leager
omentum parallel to the lesser curvature and end in branches which

crosg onto the M"antrum® near the incisura angularis, about five to

seven centimetres proximal to the pylorus. Although the extent



of the "pyloric gland area, or antrum, of the gstomach ig
variable, it usually extends at least five centimetres proximal
to the p;i,rlorus‘ = . Thus, presevvation of the nerves of
fatariet with their main terminal branches would keep the
alkaline antrum innervated, while divigion of all other vagal
tibres to the stomach, along the lesser curvature batween
incisura angularis and cardia, and on the lower cesophagus,
vould denervate all, or almost all, of the acid- and pepsin-
secretfing part of the stornach, the parictal cell mass.

An alternafive approach which was congidered wag
to keep the pylorug intact and to perforin Ysupra-pyloric
antrectomy®, by transecting the stomach two centimetres oxr go
nroximal to the pylorus, resecting the major portion of the antrum
with a cuif of the parietal coll masg, and anastomosing the
(vagotomized) body of ‘t_kjge stomwach to the pre-pyloric remnant,

QY

Maki and his colleagues had uged this operation (without, however,
vagotomizing the stomach) in the treatment of gastrie ulcér, and
clabmed that, while gagtric stasis was absent, emptying of the
stomach was under vauch better control than wag the cage after
tha Billroth or Polya types of gagtric resection. Thig procedure,

however, reduced the size of the gastric reservoir, and also



seemed unlikely to lead to as well-regulated gastric emplying
as could ba expected if the lnnervated antrum wevre left in situ.
Although il was templing to excise the source of gastrin, ior
reagons which are given below I thought that it wag uanecessary
to do so.

"Partial gasiric vagotomy™, with preservation of
the nerve supply to the antvum, bad first been performed in
dogs by Griffith and Harkins in Seatt!e%. These authorg reported
in 1957 that the operation was followed by satisfactory gastric
emaplying, as judged radiologically by the emptying of barium;
and that denervation of the parietal cell mass wap also satisfaciory,
because the insulin test was either negative or only weakly positive.
They concluded that "elinical application seems feasible”. It wag
to be many years, however, before the opsration wasg used in man,
partly no doubt because the evidence for efficient gasiric emptying
wag not entirely unequivocal, four of the ten dogs exbibiting |
slightly delayed emptying, parily because the insulin test was
weally posilive in geven of the ten dogg, but chiefly, one
would imagine, because at that time most surgeons were satisfied
with the resulis of the established opcrations, so that there was
little incentive to try 2 new procedure which seemed technically
difficult and fraught with the danger (as they thought) of recurrent

uleceration because the antrum remained innervated.



¥ decided to uge "partial gastric vagotomy™ in the
treatment of patients with duodenal ulcer, becauge it seemed to
possess all the virtues (real or hmaginary!) of selective vagotomy,
but had the added advantage that gastric emptying would be well-
regulated, bacause the antro-pyloro-duodenal segment was leit
undisgturbad. Thug it seemed almost certain to reduce the
incidence of side-eifects such as dumping and diarrhosa. Bul
would the stomach emptly satisfactorily, and would the ulcer heal
and vemain healed ?

Gastric emptying wag largely dependent upon the
vigour of antral pericialsis, and it secemed reasonable to agsume
that if the antrum wasg leit completely intact, without interference
with its blood or nerve supply, empiying would remain unimpairved.,
Moreover, it had been shown that gasiric emptying was almost
normal atter partial gastric vagobtomy in degsﬁo. Finaily, one was
reagsured by the report of Ferguson and hig coﬂeaguesﬁl that
gastric emplying was satisfactory atter segmental resection of
much of the pavietal cell mags, with praservation of an inmervated
antrum and an intact pylorus in men with duodenal ulcer.

The pylorus, then, wag to he lefl intact and the antrum
was to be lefit inmervated. The next question to be congidered was

how dangerous thig



innoarvated antrum would be in terms of recurvent ulceration.

THE SLCOND CONCEST:  THAT THE ANTHUM COULD

During the past decade, most surgeons who did not
actually resect the gastric antrum, severed its parasympathetic
nerve supply in the course of truncal or selective vagotomy,
in the belief that by so Jdoing they were reducing the release of
gasivin. This philogophy was based in large measure on the
pronouncements of Nyhus, Harkins and their colleagues in 1960 62,
who wrote that if the antrum was to be retained at all in the course
of operationg ior ducdenal uwlcer, it must be vagally denervateq,
remain in continuity wiila the "acld stream®, while antral stasis
mugt bz prevented by the periorinance of a drainage procedure.
These forthright edicts were based on their findings in anotle v
species - the dog; nor were they based on findings in animals with
the antrum in situ, but in dogs which were equipped with separated
antral pouches shielded ivom the inhibitory influence of endogenous
acid. In such circumgtances, vagal release of gagirin is eagy to

I

L)&»J
demonstrate bt , but when the antrum is leit in situ, vagal

release of gasirin is extremely difficult to demonsgtrate, as



) . . G5 , . -
Janowitz and Hollander , and Burstall and :&:ichoﬂeld%, reported.

Acid i1 contact with the antral mucosa inhibite gastrin release,

. i S 68,6 . .
both in man = and in the dog  ° . This may represent 2 direct
inhibitory effect on the gagirin cell, which is gituated in the

™o s .
mucosa, cloge to the lumen ~. In addition, nerve endings
sensifive to change in pi have begen demongirated in the antral
73 - . . .
mucous membrane , and it ig posgsible that these give rige to
inhibitory nervous reflexes.

The literature on the effect of vagal denervation of the
antrum on gagirin release is contradictory, and ig discussed in
greatey detail in o laler chapter. Vagnl denervalion both of the
in-situ antrum and of the separated anfrum in dogs was reported

. 7278 - N . .
by wany authors to lead to 2 signiiicant reduction in acid
outputl from an indcator pouch of the fundic gland arsa. On the

S W i ey . iy
other hand, Wohlraks and Kelly ", and Nyhue and his colleagues
found thaf vagal denervation of the antrum did not reduce gasirin
release in response to bathing the mucous membrane of the antrum

s

- 7% . 82 .
with beetf broth  or with alcohol ™, nor did it reduce gastrin
» s , 3 & 3 . Rig 3. . 62
release in regponse to mechanical digtension of the 2utrum .
Thus, the literature wag conflicting and the findings in dogs

aquipped with Heidenhain pouches and separated antral pouches

were not necesgarily applicable to man.



In this connection, it iz amusing to conagider that the standard
laboratory animal which was uged for studies of experimental
gastric operations was the Heldenhaln pouch dog. Any operation
which led to an lucrenge in acid output from the Heidenhain pouch
was congidered "badh; uvnsuliable for use in man. Yet it had

koen shown repeatedly that acid on the antrum inbibited gastrin
reiea.%em’ 66 “89, Hence, fay operation which effectively reduced
acid output from the parieial cell wags of the main stomach would
lead to more alkaline conditions in the antrum, to diminished
nh:hifln of gastrin . 9se, and thug to an increasze in acid
outut frowm the Heldenhain pouch. Paradoxically, the grealer
the reduction in acid output in the main glomach, the higner would
acid output rise frow the Yeidenbain pouc (assuming that the
antrum wags left Yin situ).

The digast.ous effects of the antral exclusion opemi:i.o% B
1, which were due to excessive gastrin release as a resuiv of

. . 68, 69, 81
the congtant alkaling envivonment 7

in the ezcluded antrum,
had left an indelible impression on the surgical world. Generations
of surgecons were .ot sllowed ty forget the scurvy trick which the

antrum had plaved upon their surgical mentore, The antrum was

regaried as a patural foe, fo be excised or at least "tamed" by



severance of its vagal nerve supply. Little significance was
accorded to the observations of State and his celleag;uesaag’ 83,
who had shown that when the antrum was kept in continuity with
the acid stream, it protected dogs against the development of
histamine-induced vlcer. In man, Fergugon and his collea.guesaj
who treated over one hundred patients with duodenal ulcer by
segmental gasiric resection, with preservation of the vagal nerve
supply to the antrum, and without a drainage procedure, were
able to report a respeciable recurrent-ulcer rate of 4 poer cent
on follow-up ranging from one to four years.

Thus, it appeared that the accepied suvgical practice
of denervating the antrum was hased on evidence which was
conflicting and guestionable. Certainly, the results of Wohlrabs
and K&ll};rh ! and of Nyhus and his colleaguesm suggested that the
antrum might release jugt as much gagivin in regponse to 2 meal
after vapal denervation as it bad done before. DBesides, vagal

. 48,60
denervation of the antrum produced gastric stasig™ ?

and
made necessary the periormance f a drainage procedure. Hven
when that had been done, stagis of food wag not always prevented.

Such stasis might e expecied to provoke susiained release of

gastrin, In addition, complete gastric vagotomy with pyloroplasty

’



or gastrojejunostomy permits increaged reilux of alkaline
duodenal content, containing a high concentration of bile salts,
into the stomach. '"Bile ig seldom found in the stomach, except
under peculiay circumstances™ wrote Beaumont% in his
celebrated cage report on Alexis St. Martin., Both alkalinityﬁg’ 69,
and bile saltgaﬁ, in the antrum have been shown to promote the
release of gastrin. In contrast, if the anfro-pyloro-duodenal
segment is left intact, duodenal contents are in the main kept

A -
in their rightful place, beyond the pylorusg“’ 86 88.

"The function
(of the pylorus) is to prevent reflux into the stomach during
(duodenal) cap systole"” (H. D. J‘ohnson)m. 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 sphincter.

The junctional zone operated as a unit, displaying a co-ordinated
sequence of muscular events: first a gastric peristaltic contraction
which, ag it moved along the antrum, excited an almost gimul -
taneous contraction of the terminal antral segment, producing
clogure of the pyloric sphincter with cessation of flow of contents

into the duodenum, and then retropulsion of the contents trapped

in the antrum into the stomach. Duodenal contractions occurred
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SUMMARY

This thesis is about a new operation for duodenal ulcer,

It is named highly seleotive vagotomy without a drainage procedure,
or HSV. I was the [irst to deeribe its use in man, at the wmeeting
of the British Surglcal Research Society on the first of July, 1969.

The unique feature of HSV is that well-controlled gastric
enptying is achieved, through an intect pylorus. This has never
been done hefore, in the long history of surgery for duodenal ulcer.
In consequence, the well-known side-effects of gastric surgery, such
as dumping and diarrhoea, are greatly reduced. Yeb, so far as we
oan 406ll, these advances have not been secured at the cost of an
increased incidence of resurrvent ulceration. Indeed, not a single
case of recurrent ulceration has been found in 180 patlents treated
by HSV in Leeds in the past three and a half years.

The publication of the five~ to eighteyear results of the
Iceds~York trial in 1968, and of the early results of truncal
vagotomy and pyloroplasgty, had shown that the achievements of
"nodern” surgery (tyuncal vagotomy with drainapge) for duocdenal ulcer
vere no better than those of partial gastree%omy; In ten per cent of
patlients the operation was a fallure, bacause of recurrent ulcesration
or gevere slde-eiffects, and in a further twenty per cent the outcome

was marred by side~effects such as eplgastric fullness after meals,



dumping, billous vomiting or diarrhoea., It was diffionlit to understand
uhy the results were no better, Vagotomy with drainage seemed to

be more "physilologlcal® then partial sastrectomy. It was said to
Toreserve the gastric reservolr'. It should have gliven better results,
but 1t d1d not. Nor did selective vapotony with a drainage procedurs
seem Lo yleld better overall cliniesl results, desplte reducing toe
incldence of dlarrhoed.

It seemed to me that the resulis of surgery for ducdenal
ulear would inprove significantly 1f the antroe~pyloro-duodenal
pegment, which repulates gastrice emptying, could be kept intact.

All the standard opsrations dameged this reglon, Consequently,
all produced unregulated gaéﬁric emptying, dumpling, and diarrhoea.
Carlson, Code and Nelson had shown in 1965 that the terminal antral
contracticon was esgential to the function of the antral "mil1l",
The terminael antrum and pylorus discrimlnated between solids and
finidas. Hence, 1t was clear that after the standard operations,
solids would leave the stomach toe rapldly, wnemllled, and in an
unsuitable state for further digesilon and abswrption. TWo years
lnter, George, Connell, Kennedy and McKelvey showed that liquids
left the stomach with undus rapidity after trmmoeal or seleoctlive
vagotomy with a drainage procedure, and that the abnormality in
enptying was greatest in patients with "postevagotomy' diarrhoea.

For these reasons, I decided to keep the pylorus intaoct,



in order 1o keep the stomach “continent". How then was the
vagotonlzed atomach to enpty? The answer was Lo vagotonlze, ot

the whwle stomach (us 1z done in selective or trunecal vagotomy),

but ondy the acid- and pepsinegecreting part, the paxietal cell mass.
in dogs, this "partial gastric vagotomy” (IISV) had been shown to
produce effective denervation of the par'iet&l‘ celd maus and to be
Pollowed by satisfactory gasteic emptying. It had not been used

in man, because of fears that the innervated antrmun would release
excesglve amounts of gantrin. I thought, however, thab such fears
were probably groundiens, because 1 the antrum were left in continuity
with the "acid strean” from the body of the stomnch, gastrin releage
would ba lahilbited by the loeal action of endogencusg acids. In addition
the branches of the vogus nerves which were spared in HSV had been
shown to mediate inhiblition of gastric seoretion in the dog. It

seemed pessible that olhier protective and inhibitory mechanisms in

the anbrum and duodenun might funetion better after HSV than after
tranecal vagotomy. Such was the physiologlcal rationale of HIV.

The results of the new opez%i:icn were assessged both at the
elinical and at the expoerimental level. Clinical assessment was made
at the Leeds Gastrie Follow~up Clinile, where patlents treated by HSV
attended in company with nunerous cother patients who had been treated
by the standard operationgs. An experienced panel of gastroenterologlst

wrote down thelr findings before belng peritied to learm which type
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of operation had been porformed. In this way, an wnblasced verdilet
wag reached. In the laboratory, a variety of tests {of secretion,
enpbying, ete.) were performed in well-matched groups of patients,
who wore in good health, more than one year alter truncal, seleetilve
or hipghly selective vagotony.

One hundred and elighty patients have been treated by HSV
in the past threo and o half yenrs, without operative mortality.

Hot one hag developed & recurrent ulcer. At the clinieal level,
sastric onptying has beon satisfactory. Only onge pablent has
roequired re-operation ou account of gastric stagls. Tests of

sastrlic enptying ylelded no evidence of gastric retention after

H5V,. They also showed that sastric empiying ia much oloser to

nortvl than in patients atter vagotomy with drainage. "Postevagotomy”
dlarmhices has been virvtunlly abolished, bilious vomlting is absent,
and the Incidence of dumping has been much reduced.

Sponttoneous acld outpul, and the acid outmts In response to
rentagagsteing, Insulin, and meat extract, wero found to be diminished
as effectively by HSV ap by the standard operations. No evidence
of excessive release of gastrin was found. VWhile follow-up is too
ghort to allow of firm conclusions, a great deal of evidence already
suggosts that the ineidence of recurrent ulceration after HSV will
he less, not more, than after truncal vagotomy with a drainage

orocedure,



The gall bladder was found to be dilated after truncal
vagotomy, but not dilated after HIV,

In the short term, HSV has given satisfactory results in
the treatment of patients with benlgn mastric ulcer, wnd in a few
carefully-chosen patients with ducdenal ulceration complicated by
haencirrhage, perforstion or pyloric stenosis.

The most dlsappointing fiundings were that the incidence of
epigaairic fMullness after meals wag 85 to 30 per cent after HSV,
whieh s little differont Lrom the incldence after tho ghandsrd
opsrationg; and that dumping was not entively abolished.

Ninety patients wore rveviewed at the Gastric Follow~up Clinie,
one year after HEV: and 48, two vears alfter HSV. €2 per cent had
achieved perfect clinilenl results (Visick grade 1), compored with
38 per cent afber truncal or golective vagotomy witn pyloroplasty.
Althongh this differetice is not statistionlly significant, it is
statictlcally sipnificant (p € 0.01) 1f our results ave pooled with
those of Professor Amdrup, whose results arve virdually identical to
our oune. The twenty per cenit Inerease in the proportion of patients
with perfect vesults was matehed by & signlficant deprease (In
Ieeds, p £ 0+01) in the proportion of patlents in Visick grade IXI
{a "fair® vesult, marred by side-effects).

This ig en Interim report. The finel verdiet on HSV will be

pagged after a longer pevicd of followe-up, and when the results of



prospective random trials becone avallable. However, there are

in essence only two main questions to be answered afteyx HSV.
Mratly, does the stomach empty, and gsecondly, does the ulcer recur?
The evidence presented in this ihesis shows that the stomach does
empty, and that the ulcer will almost certainly not reow, while
the advantages of HEV over established procedures are clearly
demonstrated. This ilg the firsi operation in the history of
gastvle gurgery to pemmit of welleregulasted gastric emptying

through an intact pylorug.



immediately after closure of the pyloric sphincter, never just
before." Thus did C(}degl, in 18790, describz the sequence of
evenis which he and his colleagues had recognized in 196631.
It follows that if the antro-~pyloro~duodenal segment ig kept intact,
the antrum will continue to be bathed in the gtream of endogenous
acid from the fundus. Hence, paradoxically, gastrin release

might actually be lese from the innervated, "undrained" antrum

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

THE THIRD CONCERPT: THAT PRESERVATION OF PROTECTIV]
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My third and final hypothesis concerning the new
operation was that ulcer healing would not merely be as good as
atter truncal vagotomy with a drainage procedure: it might
actually ba better. Though much of the ensuing discussion in
support of this guggestion is freely admitted to b in the realm
of aspeculation, rather than of proven scientific fact, enough facis
are available to lend a certain plausibility to the argument.
Firstly, there ig the fact, alveady alluded to, that the hepatic
and coeliac vagal fibreg, which are severed in truncal vagotomy

bt preserved in highly selective vagotomy, inhibit gastric



25-27 .
. Secondly, Code and Watkinson found

secretion in the dog
that in dogs inhibition oi gastric secretion by acid in the duodenuin
had an important vagal componentgg, Thirdly, Duthie and I
omefved , to our congiderable gurprise, that after truncal
vagotomy and pyloroplasty in man, inhibition of gastrin~ and
histamine -stimulated acid output by olive oil in the duodenum
was no longer demonstrablegg, although it had been readily shown
in subjects with intact vagl before operation, and also in patients
who had undergone pyloroplasty without vagotomy. This work
was open to the criticism that the tests were performed only
seven to ten days after operation. Nonetheless, it suggested that
inhibition by fal might have a vagal component., Hence, it was
possible that inhibition of gastric secretion would he greater in
degree if the small intestine were kept anervated than if it were
vagally denevvated.

There is "negative feed-back" from the duodenum

92 -04
to the stomach, such that when chyme which ig excessively acid

92,94, 96, 97
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iatty  or hyperosmolar enters the duodenum, gastric

emptying is slowed. The "braking” mechanisms probably congists
both of inhibitory nervous :treﬂ@:sesl,” b8 and of inhibitory horinones

" ¢,
such as sacmtin%, clmiecystokiningg and “enterogastrone” 1{)0.
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hen Waddell and Wang — glaced barium plus fat in the stomach
ot patients with gastvojejunostomy without vey otomy, they
obgerved on fluorvoscopy that gagtric emaptying was slow. In
contrast, when the same test meal wag given to patients who had
undergone truncal vagotoray and gastrojeivnostomy, gasiric
gmptyvine wag much more rapid. This demonsirated the
importance of the vagus nerves in the inhibition of gastric

. - L9 o3/
motility by fab in the intestine., Similarly, Munt™ 7’7 has shown
that the apper small intestine contalng oswmoreceptors which
delay gastric emptying by means of nervous reflexes when solutiong
ok high osmolarity enter the duodenum. Une would expect,
thereiore, that gasiric exr. piying of flulds would be under betier
contrel atter highly selective vagotomy, in which some reflex
aves from dusdenura to antrura a2re atill intact, than aiter truncal
or selective vagotomy, when all such arcy are presumably
destroyed. The mportance of this betler regulation of gastric
emptying after highly selective vagotomy (apart from the nrevention
of cwnping) is thrt potentisily ~injurious flvids, such as acid of
figh concentration, can be orevented from entering the duocdenal

cayg, whose mucous memprane is thereby grotected againgt



ulceration wmore efficiently than is the cacse after truncal or
selecive vagotomy with a drainage procedure. In addition,
damming the acid back in fhe antrum will lowar the luminal

~f30)
o 6", and 80

oH in the antrum, diminigh gastrin releage
decrease acid outpul from the body of the atomach.
Purguing this line of argwment, it seems possible that

truncal ov selective vagotomy with pylovoplasty, by destroying
93

e

e normal co-ordination of motility in the antrum and duodenum”
and by Luapgaiving the propulsive power of the antral musscula.mm%,
might lead to prolonged contact of endogenoug acid with the
rmucous membrane of the proximal ducdenum. In contrast, when
the antyum, pylorus and ducdenum arve left intact, systole of the
ducdenal cap would be expected to sxpel the bolup of acid apidly
and eﬁﬁ.cieni;};ym’ 87, 91. impgired motility i the antrum after
vagotoray and pylovoplasty would also favour prolonged contact
of gecretagogues with the mucous membrane of the antrum,
particularly o the dog-pared cul-de~-gacs which are such a

101-102
common feature of the Heinecke-Miculics type of pyloropiasty 0
Thig, in turn, might lead to proionged and excesgive release of

gastrin, with resuliing hypergecretion of acid and pepsin. Such

a gequence of events would b2 less likely to take place when the



antrum, pylorus and duodemum are keut infact,
The gassage of chyine into the ducdenum leads to the

releage of hormones sucn s gecretin, cholecystokinin and

‘v s . 98,103-106
enterogastrong™ which inhibil gasiric seervetion in man™ ’ .

Helease of thege inhibitory hormones might b2 impaired after
vagal denervation of the duodemun, as in truncal vagotomy.

A cepbalic phase has been demonsgtrated of the secretion

ot o oo 207100 IR X 81 PR :
oi bile, In animals and man ; Of pancreatic juice, in
2 2 ?

. 11,12
animals

114
animals 7, just as there has long been known to be a cephalic

113 ‘ .
and man 7 and of succus entericus in

1 o

. 1, 115 9 'y 2 0] -
hasae of ghgtric gecraiion . The effect of this cephalic phase

7

would ba to increase the capacily of the duodenal contents to
neutialize acid entering {row the giomach. Une would exgect
the cepbalic phase to be abolished by truncal vagotomy and
indeed there is evidence that this is so. For example, ina
caveiully -performed study, Plefier, Stephenson and Hint{mm’ﬁ
showed that ten patients who were in good health, four to five
years atter transthoracie truncal vagotomy had significant
depression of exocrine pancreatic gecretion, both in response to

secretin and in response to "maxima " stimulation with insulin-

plug -secretin in combination, compared with gecretion in normal



control gubjscts. Similarly, Dreiling, Druckerman and E-Iollandeg”l
reported that the pancreatic enzyme response to ingulin-hypogly -
caemin wags virtually absent in eight pafients who bad undergone
complete trencal vagotomy in the course of cegophago-gastreciomy
for carcinoma, although thelr response to secretin was normal.

in the dog, selective gasiric vagotomy was found to reduce the
daily volume of pancreatic secretion by 39 per cent (prokably by
reducing gastric acid output): when the selective gastric vagotomy
wag converted to a truncal vagotomy, thedaily volume of pancreatic
sacretion diminished by a furtber 21 per centmgo Hxtragastric
vagoetomy in the dog reduced mean daily volume of pancreatic

. 118
secretion by 32 per cent

. In men, gastric distension was found
to produce a gignificant increase in the volume of pancrestic
3 q 2 - ) 13'9 rEs . v .
secretion and in the outputb of amylase . This effect persisted
orn g y s 120 . :
after Billroth I gratric resection (i.e. after removal of
the source of gasivin), bul in no instance could it he demonstrated
2 12@ iyl < ]
atter troncal vagotomy . There ig no agreement about the
affect of truncal vagolomy on the pancreatic response to

\ . e 116,118
zecretin in the dog, some authors reporting diminution™ ™ ’

y

. , 117 . 121
others no ciange ~ , and yet others augmentation™ . The

foregoing resulls strongly suggest that the pancreatic



exocrine response to foud will be dimnished significantly after
truncal vagotomy in man, parily because of loss of the cephalic
phase, and partly because of loss of the gastivo-pancreatic
reflex. In contrast, alter highly selective vagotomy, the
cephalic phage should be intact and the gasiro~pancreatic
refiex may still function to gome extent, since part of the
stomach is still innervated.

Finally, mucug, suceus entericus and the secretions
of Brunner's glands probably play an imporiant part in the
defence against peptic ulcevation, although proof of this apsertion
is hard to come by. It seems reasonable to suggest that these
protective secretions will be less altered in compogition and less
diminisned in volume afisy an operation which leaves their sources

intact than alieyr one which vagally denervates these sources.

These, then, were the three fundamenial concepts upon
which the opevation of highly selective vagotomy without a
drainage procedure (HHV) was jounded. Compared with gastrectomy
or antrectomy, it should be a safer operation, since it involves

no resaction, no anastowosis, no closure of a dugdensl stump.



1t should also be slightly safer than vagotoray with a drainage
procedure, because even pyloroplasties have been known to
leak or to biced, and gastroiejuncstomy stomas to becowe
ohstructed. In the long term, nutrition way prove to he batter
than it ig afier any of the standard operations, bzcause
preservation of the antral mill and of well-regulated gastric
emptying should engure that food is presented to the small
intestine in 2 form which is suilable for further digestion and
apsorption. . or the same reasons, logs of fat in the faeces
should be less than after vagotomy with a drainage procedure.
It is obviously of crucial importance that the vagotomy
of the parietal cell maass should be complete at the time of
operation. Incomplete vagotomy ig the commonest cause of

: . or _ “ 122,128
recurrent uiceration after truncal vagolomy

, and no
variety of vagoloray - truncal, selective or highly selective - can
be exoescted to succeed if there is a high incidence of incomplete
vagotomy at the time of operation. ¥or this reacson, il is
desirable that routine insulin testing should be carried out in the
pogst-operative pariod 7, o that the gurgoeon may be alerted if

nogitive responges are found.,

m summary, the results of conventiongal surgery foxr




duodenal ulcer are vnimpressive. The operation proves to be 2
failure in ten per cent of patients who undergo truncal vagotomy
with a drainage procedure, and in a further twenly per cent the
clinical result iz only moderate. Many of the bad resulis are
attributable to disorderz of gastric emipying. The new surgical
approach consists of keeping the pylorus, indeed the whole antro-
pyloro-~duodenal segment, intact, vagotomy baing confined to
the acid-and pepsin-secreting parvt of the stomach., Dumping,
bile vomiting ~nd diavrhoes should thus ba prevented. The
inmnervated antrum is thought not to pose a major threat of
recurrent ulceration, because it remains in the acid stream,
subject to acid~-inhibition of gastrin release. It is far from
certain that denervating the antrum diminishes gastrin release.
There is reason to believe that protective and inhibitory
mechanisms may be more effective after highly selective vagotomy
than after truncal vagotomy.

for almost a century, operations for duodenal ulcer
had been followed by uvoregulated gagsivic em@ﬂring, There was
ample justification in theory for keeping th» antrum, pylorus and
duodenum intact. By December of 1968 the time had come to

iry the test',
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HIGHLY SELECTIVE VAGOTOMY WITHOUT A DRAINAGE
PROCEDURE IN THE TREATMENT OF DUODENAL ULCER

By DAVID JOHNSTON anp ALAN R. WILKINSON

UNIVERSITY DEPARTMENT OF SURGERY, THE GENERAL INFIRMARY, LEEDS

SUuMMARY

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 ¢m. 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.

The insulin test was negative in each case, suggest-
ing that vagal denervation of the parietal ccll 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 §1 per
cent, 3 months after operation. The 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 of side-effects, but the period of follow-up
is only from 3 to 11 months.

These results are encouraging. They suggest that
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

METHOD

Patients.—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. The 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.

Operative Technique.—The abdomen is opened
by a right upper paramedian incision and the presence
of a duodenal ulcer, without other pathological con-
dition, is confirmed. The 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 (Figs, 1—3). It lies 0-5-1in. 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, The gap between
stomach and nerves being a mere 0'5-Iin., 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. The 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

Fig. TI.— Anterior mnerve of I_atariet and branches, lesser
omentum,and adjacent lesser curvature of stomach, photographed
at operation in a slim subject.

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,
anumber 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
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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 ‘antrum’ and denervated

Fi16.2.— The course and distribution of both nerves of Latarjet,
as seen at operation. They run parallel to the lesser curve and pass
on to the stomach about 4-7 cm. proximal to the pylorus, either
as one nerve or as several terminal branches. The dissection
begins at the points indicated and proceeds upwards to the cardia,
leaving the pyloric gland area innervated
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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.

Gastric Secretory Tests.—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 34. Pepsin concentration was
measured by Hunt’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 [ig 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 output’in mEq.
per hour is calculated by multiplying the output in
the peak 20-minute period by three. ‘Total-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. I.
if basal specimens anacid), Stempien (1962) (rise of
0 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
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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.

Fi1e. 3.— Highly selective vagotomy has been completed. The
anterior nerve of Latarjet is visible in the lesser omentum.
Pancreas is seen in the gap between lesser omentum and the
lesser curve of stomach.

RESULTS
Clinical.—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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Gastric Emptying.—Most 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 94+ S.E. 10 ml. before operation,
61411 ml 1 week after, and 48 4+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
* theal empties a great deal faster postoperatively.

Completeness of Vagotomy.—This has been
judged by insulin testing and by the evidence afforded
by the mucosal biopsies.

1. Insulin 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 Mucosal 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
g cm. from the pylorus all biopsies were from the
parietal cell mass.

Gastric Secretion,—

I. Spontaneous Secretion.—Mean output of free
acid per hour was 6:6+S.E. 1:1 mEq. before opera-
tion (19 patients), 0'454-0-10 mEq. 6 days after (25
patients), and 0-13 -4-0-08 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 (1'able I).

2. Pentagastrin-stimulated Secretion.—

a. Acid outpur (A.0.): Compared with preoperative
A.OQ,, peak A.O. was reduced by a mean of 5048.E.
4 per cent at 6 days and 69--6 per cent at 3 months
after operation (Table I). ‘Total-hour’ A.Q. was
reduced by 55--4 per cent at 6 days and 72-+6 per
cent at 3 months. The decrease in acid secretion
between 6 days and 3 months postoperatively is
statistically significant (» =11, =333, P<0-01).
Recovery of polyethylene glycol averaged 89 per cent
before operation, go 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 IY patients.

3. Response to Antral Stimulants (Meat 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.Q0.) in
11 tests before operation, and 20 per cent of the post-
operative M.A,O. in 11 tests after operation. The
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,
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DISCUSSION

Final judgement on this operation for duodenal
ulcer must be reserved until the incidence of 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 of 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. The others are eating well, not vomiting,
and most have regained their preoperative weight.
Dumping and diarrhoea are either absent altogether
or arc 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 known 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 of 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 of
the indicator dye Congo Red, which turns black when
it is in contact with acid-secreting mucosa (Moe,
Klopper, and Nyhus, 1965). The insulin test was
positive, though weakly so, in many of the dogs after
highly seclective 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 1, 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 the
report of Goligher, Pulvertaft, de Dombal, Clark,
Conyers, Duthie, Feather, Latchmore, Matheson,
Shoesmith, 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 of patients, the results of 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. QOther 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
with 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 of 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.

Much 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 of 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 technique of 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. The work of
Colmer and others (1969) and McKelvey and others
(1969) suggests that the reservoir function of the
stomach is severely impaired after vagotomy and
dramage operations, or, as the latter authors pithily
put it: ‘the stomach’is incontinent’. This provides
an cxplanation for many of the patients’ complaints—
the inability to eat large meals and hence weight-loss,
nausea, epigastric fullness or discomfort after meals,
carly dumping, and post-cibal diarrhoea. Normal
gastric emptying depends upon the existence of an
anatomically—and physiologically—normal antro-
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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 Fels, 1942; Gillespie, 1959; Kaster 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, 1960, 1963, 1969; Kamionkowski,
Grossman, and Fleschler, 1964; Wormsley and
Grossman, 1964; Johnston and Duthie, 1966).
Inhibition of motility is also neurohumoral in nature
(Thomas, 1957). The 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 (Uvnis,
Andersson, Elwin, and Malm, 1956). The 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, 1960). 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). The 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 pametal 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
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entirely absent. By contrast, both truncal and
bilateral selective vagotomy without drainage pro-
duced marked delay in gastric emptying (Shiina and
Grlﬁ-lth, 1969), In man, preservation of an innervated
antrum in the acid stream was pioneered successfully
by Ferguson, Billings, Swensen, and Hoover (1960).
Some widening of 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 the
nerves of 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, Pinn, and Hollanders (1969)
in treating more than 100 selected cases of 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,
De Vito, and Harkins, 1960). The 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, 1960; 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 (Uvnis, 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 of 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. The results presented here appear to
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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 the antrum, pylorus, and duodenum
is carefully preserved. There is no interference with
the integrity of 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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confined to the parielal cell mass (1I18V) without a drainage procedure
in man. The findings of catisiactory gasiric empiying and of large
reductions in acid output (as lavge as after troveal vagolomy) bave
been amalr confivmed by all our subsequent work. The reduction in
mazximal acid outpul in patient numberi? (fable 1) three months after
HYYV was 56 per cent, not 8% per cent as siated, and the mean reduction
at three months was therefore 66 per cent.

The first attempt at HEV in December 1968 had failed
becauge, instead of dissecting in the plane just cufside the muscular
layer of the lesser curvature, I dissected upwards {rom the incisura
in the plane between the muscle and the mucosa, attermpiing to periorm
a myotomy, in order fo be quile gure of pregerving the nerves of
Latarjet. The plan was to stay in this plane as {ay ag the cardia, bul
to digsect around the ocesophagus outeide the muscle layer in the
usual way. However, thig procedure prove