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THE NEUTRAL RED TEST - A COMPARISON WITH THE INSULIN 
TEST IN 100 PATIENTS WITH DUODENAL ULCER TREATED BY 

TRUNCAL VAGOTOMY AND PYLOROPLASTY

W. MORRIS-JONES

Over a period of nineteen years, one hundred patients 
were initially tested with the Neutral Red Test and 
with the Insulin Test. Twenty one patients died during 
the study, the main cause of death being cancer and
cerebro-vascular disease. No increase in cancer of the 
stomach or colon was noted during the study. Sixty 
five patients were available for study (mean follow-up 
time - fourteen years, six months. The clinical 
outcome showed an 81.5% in the "successful outcome" 
(Visick I and II). The recurrence rate was 14%, the 
majority of these being treated medically. The study
confirms the simplicity and safety of the Neutral Red
Test with its ability to stimulate the vagal system
centrally and thus produce a mild secretagogue effect. 
The Neutral Red Test confirms many of the features of 
the Insulin Test and there is a very high degree of 
agreement between the two tests. The classification of 
the Insulin Test into "early" and "late" is confirmed. 
The predictive value of these tests is relatively low
but has clinical value. The fate of the "late" 
positive response is similar to the negative response. 
Therefore, the "late" positive response carries a good 
prognosis as far as future clinical outcome is
concerned. Therefore, the ability of a few residual 
vagal fibres to re-innervate the gastric mucosa by 
collateral nerve regeneration or sprouting is 
insignificant, even over a long period of time.
Therefore, this study makes a strong plea for
maintaining or re-introducing tests to assess the 
completeness of vagotomy post-operatively in order to 
prognosticate clinical outcome and to assess the 
vagotomis t.



"One thing I have learned in a long 
life: that all our science, measured
against reality, is primitive and 
childlike - yet it is the most precious 
thing we have."

Albert Einstein
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THE HISTORY OF THE VAGUS NERVE

In the first century A.D., Marinus of Alexandria described 

the paired arrangement of the cranial nerves. Galen (A.D. 

129-199 ) of Pergamum, who had read the works of Marinus, 

described seven pairs of cranial nerves. He based his 

descriptive anatomy on the dissection of lower animals, 

particularly the African monkey and the Barbary ape. His 

sixth pair of cranial nerves included the 

glossopharyngeal, the vagus and spinal accessory nerves 

not because he could not distinguish between the nerves 

but because organisationally they could be treated as one. 

The recurrent laryngeal nerves he tied, thus demonstrating 

that the brain controls the voice. Galen was familiar 

with the oesophageal plexus, the formation of the anterior 

and posterior trunks and their division and he was 

particularly intrigued by the hepatic branch of the 

anterior trunk.

Thomas Willis in Cerebri Anatome, 1664, described nine 

pairs of nerves; the glossopharyngeal, vagus and cranial 

portion of the spinal accessory nerves were counted 

together as the eighth pair. The present system of twelve 

pairs of cranial nerves was accomplished by Soemmerring in 

1778 but it was over a century later before it was widely 

accepted and the vagus or tenth nerve regarded as a 

separate entity.
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Earlier, the vagus nerve had been described as the second 

or wandering part (Hunter, 1752). Early in the nineteenth 

century the term "pneumogastric" began to appear in the 

French and Italian literature while in Germany, the term 

"vagus" was always used. It is only in the latter part of 

this century that the term "pneumogastric" has disappeared 

from British and American text books.

In recent years, the anatomy of the vagus nerve in man has 

been described by Latarjet (1922), McCrea (1925), Mitchell 

(1938, 1940), Miller 5 Davis (1947), Bradley et al (1947), 

Dragstedt et al (1947), Jackson (1948, 1949), Griffith

(1964) and Skandalakis (1974).

The left and right vagi enter the thorax and form the 

oesophageal plexus which lies on the oesophagus between 

the level of the bifurcation of the trachea and the 

diaphragm but it may occasionally extend below the 

diaphragm. Distally, the fibres of the plexus re-unite to 

form the anterior and posterior vagal trunks which then 

divide into four divisions. The anterior trunk divides 

into the hepatic division which innervates the liver and 

gall bladder and sends a branch which turns downwards to 

innervate the pylorus and duodenum. The other division, 

the anterior gastric division, follows the lesser 

curvature of the stomach. The posterior vagal trunk 

divides into the coeliac division, passing to the coeliac 

plexus and the posterior gastric divides with branches to
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the posterior gastric wall. The vagal structures entering 

the abdomen through the hiatus may, therefore, be:

(a) portions of the oesophageal plexus

(b) trunks

(c) divisions

(d) branches of divisions

Skandalakis et al (1974) found in an examination of 100 

cadavers, 2 vagal structures in 88, 4 vagal structures in 

7 and more than 4 in 5 cadavers. Recently, Rosati (1976) 

and Johnson (1982) have stressed the importance of a vagal 

fibre which may emerge from the hiatus at a considerable 

distance from the oesophagus and enter the top of the 

fundus. Grassi et al (1972) described a nerve which is a 

branch of the posterior trunk which passes behind the 

oesophagus to innervate an area on the posterior wall of 

the stomach. This is often referred to as the "criminal 

nerve". It is not surprising, therefore, that small vagal 

fibres are missed at the hiatus at operation.

Further, there is some experimental evidence, though we 

could not confirm it in the rat (Jones 8 Griffith, 1970 

( a ) (b)), that the vagus does not provide the only

cholinergic innervation to the stomach but that 

cholinergic fibres in the splanchnic nerves and in the 

anterior and posterior roots of the thoraco-lumbar cord 

can affect the function of the stomach (Jefferson et al 

1965, Donahue et al, 1988).
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During the past few decades there have been new concepts

concerning the functional anatomy of the vagus nerve:

(a) The classical study by Agostini et al (1957) showed 

that at the level of the diaphragm the anterior and 

posterior vagus nerves contain a total number of 

31,000 fibres in the cat. Only 10% of these fibres 

are efferent and consist of unmyelinated axons, 

small in number and slowly conducting. The 

remaining 90% of the fibres are afferent, myelinated 

axons, large in diameter which conduct more quickly.

(b) Gravgaard in 19 68 showed in a cadaveric study that 

the diameter of the vagal trunk, the transverse area 

of the vagus nerves and the amount of typical nerve 

tissue within the nerve were all significantly 

greater in the duodenal ulcer group, especially when 

compared with the control group. There is thus an 

anatomic basis for the theory that hypersecretion in 

duodenal patients is due to vagal hyperactivity 

(Dragstedt et al 1944). There is no method 

available for directly determining vagal tone but 

there is an indirect method in which pancreatic 

polypeptide (PP), mainly released by vagal 

activation of PP secreting cells, can be measured in 

duodenal ulcer patients and in healthy controls. 

However, Schwartz et al (1979) could find no 

significant difference between these two groups.
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(c) Studies on the target organ, namely the parietal 

cell, have shown that there may be further evidence 

for the anatomical basis for acid hypersecretion. 

Cox (1952), in a post mortem study, showed that the 

number of parietal cells counted in the stomach of 

patients with duodenal ulcer was double that of 

normal and that there was a threshold parietal cell 

count below which duodenal ulcers were not seen. 

The range of the number of parietal cells closely 

paralleled the range of peak acid output seen in a 

population of healthy controls and duodenal 

ulcer patients.

(d) Cannon and Rosenbleuth in 1937 postulated that 

autonomic nerves might supply only certain "key" 

cells and diffusion of transmitter substances from 

this region was able to influence nerve effectors. 

This clearly implied that partial division of the 

nerve supply of a gland would have little, if any, 

influence on the amount of secretion produced by a 

standard nervous stimulus. Even Dragstedt in 1947 

wrote concerning incomplete vagotomy. "The 

remaining vagus nerve fibre appears to activate the 

entire glandular apparatus, acting presumably 

through the submucous plexus of Meissner".

However, in recent years it has been shown 

experimentally that this 'all or none' phenomenon is
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incorrect. In 1949, Shay et al reported that acute 

unilateral abdominal vagotomy did reduce the rate of 

spontaneous gastric secretion in the pylorus-ligated 

rat to 78% of control levels. Rivilis et al in 1968 

found similar results in the pylorus-ligated rat. 

Pritchard et al in 1968 using the basic dye. Neutral 

Red, was able to show in the dog the pattern of 

vagally innervated mucosa. Legros and Griffith 

(1968 and 1969) showed that segmental innervation 

also applied in the rat and again using Neutral Red 

were able to show areas of vagally innervated mucosa 

after various types of vagotomy. I was able to 

confirm this work in the rat (Jones, 1969, Jones and 

Griffith, 1970 (a) (b)), and used the areas of

vagally innervated mucosa to assess the degree of 

collateral nerve regeneration or sprouting over a 

period of time.

Figures 1-5 show the types of vagotomy carried out 

in this rat study, the area of mucosal excretion of 

the dye and the acid output. The histological 

section of the oesophagus clearly shows the atrophy 

of the circular and longitudinal muscles when the 

anterior trunk is ligated and cut and the posterior 

drunk preserved.

Experimental studies in dogs, Legros and Griffith 

(1968 a, 1968 b). Stoning and Isenberg (1969),
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Typo of 
vagotomy

Weigh t 
Means -  S.D.

Vol. gastric 
juice

Means - S.D.

pH
Mofuie - S.D.

m o q ^  
Means f S.D.

maq/7 h 
Means -

rs
S.D.

Normal rats 330.0 -  36.4 6.8 — 3*0 2.3 - 0.2 69.7 - 18.9 .479 - .259

Posterior
trunk intact 366.5 - 35.1 7.1 -  3.0 2.7 - 0.6 38.7 - 14.7 .295 - .201

Kundic
branch intact 327.5 - 34.0 4.7 - 2.7 3.6 - 1.3 27.5 - 18.1 .156 - .156

Total
vagotomy 310.5 1 42.0 3.4 - 2.4 4.6 — 2.0 16.4 - 13.1 .052 - .062

acid output 0*5 
mEq^7hrs

0 - 4 - .

0 * 3 - -

0- 2 --

0 *  I -  -

Normal

Posterior Trunk Intact

Intact Fundic Branch

Total Vagotomy

J
Fig. 4: Acid output in control rats after various types
of vagotomy.
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Stening and Grossman (1970), Nundy and Baron (1973, 

1974), have all confirmed that partial vagotomy in 

animals produces partial reduction in acid output. 

Vagal innervation becomes segmental at the level of 

the oesophageal plexus. In other words, it is 

possible to have degrees of vagality.
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THE HISTORY OF CLINICAL VAGOTOMY

In 1809, Sir Everard Home, a surgeon at St. George's 

Hospital, London and a relative of John Hunter was the 

first to demonstrate in the dog the effect of vagal 

section on gastric secretion. He wrote, "Suppression of 

secretion was to be attributed solely to the division 

of the nerves" (Taylor, 1983). His assistant, and later 

successor at St. George's Hospital, Sir Benjamin Brodie 

(1783-1862) also experimented with vagotomy in the dog. 

He found that arsenic poisoning caused a copious secretion 

of mucoid, watery fluid in the stomach which was abolished 

by vagotomy in the neck (Brodie, 1814). In 1858, Claude 

Bernard observed the total absence of contractions of the 

stomach after vagal resection. In 1904, Pavlov received 

the Nobel Prize for Physiology and Medicine for his work 

which demonstrated that the complete phase of gastric 

secretion could be abolished by vagotomy.

Earlier in 1901, the first vagotomy in man had been 

performed by Jaboulay in Lyon, France. The coeliac plexus 

was removed in an attempt to relieve the abdominal pain in 

a patient with tabes dorsalis. In 1919, Exner and 

Schwartzmann attempted to relieve the gastric crisis of 

tabes dorsalis with a vagotomy and a gastroenterostomy. 

In 1920 Bircher in Switzerland described a technique of 

selective vagotomy. He operated on 20 cases which 

resembled gastric ulcer. However, at operation one proved
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to be an ulcer, in 6 the diagnosis was doubtful even at 

operation and in the remainder, no ulcer was present 

(McCrea 1925). The effective beginning of therapeutic 

vagotomy for duodenal ulcer came with the work of Latarjet 

and his co-worker Wertheimer from Lyon (1922, 1923).

Latarjet was the first to apply this procedure 

systematically to patients with duodenal ulcer and even at 

this early stage in the development of vagotomy to 

recognise the complication of delayed gastric emptying and 

to add a drainage procedure in the form of a 

gastroenterostomy. The early types of vagotomy are 

depicted in Figure 6. The enormous contribution made by 

Latarjet, Figure 7 , can be appreciated when one realises 

that he performed an anterior selective vagotomy and also 

a posterior selective vagotomy via the gastrocolic 

omentum, removing all the posterior gastric branches yet 

preserving vagal branches to the coeliac plexus. Thus, he 

was not only the first vagotomist but also the first

selective vagotomist and yet his work was forgotten for 

the next twenty years.

The modern era of vagotomy began on January 18th, 1943

when Lester R. Dragstedt of Chicago (Figure 7 ) sectioned 

the vagus nerves above the diaphragm in a patient with

acute duodenal ulceration who had refused the conventional 

surgical treatment of the time, namely partial 

gastrectomy. (Dragstedt and Owens, 1943).

Dragstedt had been interested in the physiology of gastric
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secretion and aetiology of peptic ulceration for many

years. He had published his first paper on experimental 

peptic ulcers in 1917 while still a graduate student. He

was impressed by Schwartz's famous dictum, "No acid, no

ulcer". (Schwartz's, 1925). In 1935 he repeated and

confirmed Claude Bernard's famous experiment with the legs 

of pithed, living frogs immersed in pure canine juice

(Dragstedt, 1935). Later, he showed experimentally that 

pure gastric juice could destroy and digest living tissue 

including the wall of the stomach itself, producing a

defect which was identical with the lesion found in man

(Dragstedt, 1942). His hypersecretion theory was given 

further confirmation by the work of Wangensteen and his 

associates (Walpole et al, 1940). These workers had been 

able to produce perforating ulcers of the stomach and

duodenum in dogs, cats and other experimental animals by 

the subcutaneous and intramuscular implantation of

crystalline histamine incorporated in a mixture of mineral 

oil and beeswax. The gradual liberation of histamine

provoked a long continued secretion of gastric juice which 

he was able to show occurred in patients with duodenal

ulcer. Dragstedt had been so impressed by the work of two 

German doctors, Henning and Norpoth (1932) that he began 

to measure the twelve hour basal nocturnal gastric 

secretion in normal controls and in patients with duodenal 

ulcers. He found that normal controls secreted an average 

of 15 mEq of hydrochloric acid while patients with

duodenal ulcers secreted an average of 60 mEq per twelve 

hour period (Dragstedt et al 1944). He theorised that the
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basal hypersecretion at night in patients with duodenal 

ulcers was attributed either to a continuous formation of 

histamine like substances in the body or to the secretory 

hypertonus of the vagus. In his first two patients he was 

able to show a significant fall in the gastric secretion 

following vagotomy (Dragstedt and Owens, 1943), thus 

establishing the physiological basis for vagotomy.

The operation of trans-thoracic vagotomy became very 

popular and Dragstedt and his team operated on 82 patients 

in the next two years (Woodward, 1987). However, it soon 

became clear that many of the results were unsatisfactory 

due to gastric retention. Therefore, an abdominal 

approach to the vagotomy was required in order to add a 

drainage procedure in the form of a gastroenterostomy or 

pyloroplasty (Dragstedt, 1947). Even though a pyloro

plasty appeared to be the more attractive procedure 

(Weinberg et al, 1956) in fact no significant difference 

was discovered when gastroenterotomy and pyloroplasty was 

subjected to a planned trial (Kennedy, Gillespie and Kay, 

1968 , Kennedy et al, 1973 ). In this country, vagotomy 

was first carried out in 1945 by Orr and Johnson (1949) 

and by 1952 Pollock was able to review 1,524 cases 

collected from several major centres. Using the Visick 

grading which had also recently been introduced as a 

method of assessing patients post-operatively (Visick, 

1948), he showed that in patients subjected to 

vagotomy alone, 44% had an unsatisfactory result. When a
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gastro-enterotomy or pyloroplasty was added, the 

percentage of unsatisfactory results fell to 12% and 13% 

respectively. 35 years on, truncal vagotomy and a 

drainage procedure is still the most commonly performed 

operation for duodenal ulcer in Britain, especially in an 

emergency situation, despite the fact that it denervates 

not only the parietal cell mass but also the whole of the 

abdominal viscera with the exception of the hind gut.

As previously mentioned, Latarjet and Wertheimer in 1922 

were the first to attempt a more selective denervation of 

the stomach. 25 years later, two papers were published

which showed that technically a more selective vagotomy

was possible (Franksson, 1947, Jackson 1948). However,

no drainage procedure was performed at the time of 

vagotomy and poor results were again obtained due to 

gastric retention. Some years later, the concept of a 

more selective denervation was again introduced by

Griffith (1969) and Sawyers et al(1968) in America and by 

Burge (1969 ) and Amdrup (1969) in Europe. At this point 

in time, it was realised that both truncal and bilateral 

selective vagotomies are complete gastric vagotomies and

must, therefore, be complemented either by a drainage

procedure or by antrectomy. The claim was made that

bilateral selective vagotomy was superior to truncal 

vagotomy in two respects; (a) it permitted performance 

of a more reliable and complete vagotomy in that the

nerves were sectioned below the hiatus where there are no
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anatomical landmarks available to assure the 

accomplishment of complete or adequate vagotomy. It has 

been shown that failure to divide the posterior vagal 

trunk at the hiatus is the main weakness of truncal 

vagotomy; this is because the trunk may be multiple and 

lie behind and away from the oesophagus (Taylor et al, 

1977). It was hoped that selective vagotomy would avoid 

this pitfall. (b) It was also hoped that preservation 

of the hepatic and coeliac branches would avoid some of 

the side effects of truncal vagotomy, especially 

diarrhoea.

The claims made by Burge and Griffith have been 

substantiated to some extent by controlled clinical 

trials (Sawyers et al, 1968, Kronberg et al 1970 , Kraft 

et al 1967, Kennedy 1973, 1974, Griffith 1963, Harkins et 

al 1963, Burge and Frohn, 1969, Amdrup and Jensen, 1970). 

These trials showed that the incidence of incomplete 

vagotomy and the incidence of diarrhoea was significantly 

less after selective vagotomy yet the overall clinical 

results obtained after selective vagotomy were only a 

little better than the clinical results after truncal 

vagotomy. These findings, together with the fact that 

the operation of selective vagotomy is technically more 

tedious and difficult to perform than truncal vagotomy, 

has ensured that this operation has not gained wide 

acceptance in Britain or in the United States.
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An attempt to abolish the cephalic, vagally mediated 

phase of gastric secretion together with the hormonal 

phase arising from the release of antral gastrin was 

accomplished when in 1957 vagotomy and antrectomy was 

first performed in America (Farmer and Smithwick, 1952, 

Edwards and Herrington, 1957), This combined procedure 

results in a profound fall in acid output. Kay ( 1962 ), 

found that antrectomy alone reduced gastric secretion by 

70% and vagotomy alone likewise reduced the acid output 

by 60%-70%. A combination of the two procedures resulted 

in a 95% reduction in acid output. It is, therefore, not 

surprising that this is the most effective anti-ulcer 

operation with a very low recurrence rate. The study by 

Herrington and Sawyers (1978) of 3,584 patients subjected 

to the operation showed a recurrent ulcer rate of only 

0.6%. However, dumping was present in 25%, weight loss 

in 10% and severe diarrhoea in 1%. In the United States 

this operation has remained popular but due to the side 

effects listed above it has never gained widespread 

popularity in this country.

Therefore, removal of the antrum combined with vagotomy 

produces a very good anti-ulcer operation. What if the 

antrum was left innervated and the vagotomy was restrictd 

to the parietal cell mass? Vagal denervation of the 

antrum had always been regarded as essential because it 

was thought that gastrin release was thereby reduced 

(Forrest, 1956, Oberhelmann et al 1957, Nyhus et al.
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1960). Griffith and Harkins from Seattle were the first 

to attempt denervation of the parietal cell mass 

(Griffith and Harkins, 1957). This was an experimental 

study in dogs in which the acid-pepsin secreting fundus 

and corpus was denervated preserving the vagal supply to 

the entire antrum, pylorus and duodenum. The operation 

they called "partial gastric vagotomy" and this showed 

that the cephalic phase of gastric secretion was 

abolished. They deduced that it could well have clinical 

application.

Highly selective vagotomy with pyloroplasty or antrectomy 

was first used in man by Holle and Hart from Munich 

(Holle and Hart, 1967). Vagotomy confined to the 

parietal cell mass without a drainage procedure was first 

performed by Johnston and Wilkinson (1969, 1970) in

England and by Amdrup and Jensen (1970) in Denmark. The 

operation in this country goes by the name of "highly 

selective vagotomy". In Denmark it is called "parietal 

cell vagotomy". In the United States it is popularly 

called "proximal gastric vagotomy". This operation has 

been subjected to intense study during the last twenty 

years. The incidence of dumping, diarrhoea and vomiting 

are significantly less frequent than after truncal 

vagotomy (Stoddard et al 1984, Fraser et al, 1983) 

although in another study the difference was not very 

marked (Koffman et al, 1983). When all the evidence is 

considered, the clinical results appear to be better
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after highly selective vagotomy (Johnston, 1980). 

Schirmer, in a collective review article (Schirmer, 1989) 

collected data from 26 studies. The Visick 1 8  2 groups 

(the satisfactory" result) varied from 59%-100% with a 

mean of 86.5%. In another collective review, 84.7% of 

1,729 patients fell into the Visick 1 8  2 "satisfactory" 

result group (Hershlag, 1983). Therefore, most

prospective randomised studies have concluded that highly 

selective vagotomy is equal or usually superior to most 

other operations with significantly less dumping, 

diarrhoea and epigastric fullness.

However, the long-term follow up of highly selective 

vagotomy is showing that it is associated with a high 

incidence of recurrent ulcer. In an 18 year follow up, 

Hoffman et al, 1987, reported on a 30% incidence of 

proven symptomatic recurrences. As Johnston wrote 

recently, "Recurrent ulceration is without doubt the 

potential Achilles heel of highly selective vagotomy". 

(Johnston 8 Blackett, 1988). One of the major factors 

for early ulcer recurrence is failure of technique. It 

is an operation that is technically more demanding than 

truncal vagotomy. Proximally, about 6cm of the distal 

oesophagus should be cleared of all fibres (Hallenbeck,

1976) and distally the dissection should extend to 5cm to 

6cm of the pylorus (Johnson, 1982, Johnson 8 Baxter,

1977).
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Using modern immuno-assay techniques, it has now been 

shown that preservation of innervation to the antrum does 

not alter the levels of circulating gastrin as they 

remained the same in patients subjected to truncal or 

highly selective vagotomy (Hansky and Korman, 1973). 

However, there are patients in which the antrum is the 

dominant factor in the hypersecretion (Gillespie and Kay,

1961). Conditions of G-cell hyperplasia or antral 

dominance are difficult to detect pre-operatively 

(Hansky, 1977) and probably account for l%-2% of patients 

(Johnston and Blackett, 1988).

Another factor which could account for the incidence of 

recurrent ulceration is antral stasis, a result of 

leaving the pylorus intact, predisposing to excessive 

release of gastrin. Holle and Bauer (1974) have always 

advocated routine drainage of the antrum- A recent

controlled trial comparing highly selective vagotomy with 

and without pyloroplasty has shown a lower recurrence - 

8% compared with 20% in the pyloroplasty group (Emas, 

1985). However, studies of gastric emptying using radio

labelled liquid and solid meals has shown no significant 

difference in patients with and without recurrent ulcers 

after highly selective vagotomy (Blackett, 1982).

The influence of the individual surgeon is a major factor 

in dealing with recurrences after surgery. Johnston and 

Goligher (1971) showed wide variations in the ability of
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individual surgeons to achieve complete truncal vagotomy. 

The disturbing feature of this study was the finding that 

the completeness of vagotomy bore no relationship to the 

experience of the surgeon. Further studies have shown 

the same inter-surgeon variation in the performance of 

highly selective vagotomy (Adami et al, 1984), (Blackett 

and Johnston, 1981).

Another factor which must be considered is whether the 

individual surgeon has chosen the wrong operation. For 

example, highly selective vagotomy is not indicated for 

pre-pyloric ulcer, the recurrence rate is very high in 

the early post-operative years (Anderson et al, 1982).

The presence of pyloric and duodenal parietal cells is 

not taken into account in the operation of highly 

selective vagotomy. The presence of these cells has been 

well documented (Leela and Kanagasuntheram, 1968, 

Hoedemaeker, 1970, Johansen et al, 1973). More recently, 

Braghetto et al, 1987, showed the presence of parietal 

cells at the level of the proximal branch of the crow’s 

foot of Latarjet. The "acid antrum" as a possible cause 

of recurrent ulceration after highly selective vagotomy 

was recently reviewed by Kirk (1988) and by Naik et al 

(1988), the latter study showing that the parietal cells 

extended all the way to the pylorus in 16% of stomachs. 

Therefore, it is possible to imagine these pyloroduodenal 

cells continuing to secrete locally damaging acid in
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patients whose antrum has been kept innervated.

Partial denervation of an organ makes it susceptible to 

return of function by collateral nerve regeneration or 

"sprouting". C.G. Clark wrote recently, "I have often 

thought that parietal cell vagotomy (P.C.V.) was an 

operation with built in potential for collateral nerve 

"sprouting". Clark (1987), Murray and Thompson (1956, 

1957 ) were the first to show the existence of collateral 

nerve regeneration in the autonomic nervous system. They 

clearly showed in this study that the degree of re

innervation is dependent on the number of remaining 

intact fibres. I confirmed this work (Jones, 1969, Jones 

8 Griffith, 1970 (a) (b)). Studies in the rat showed

that vagal re-innervation by collateral nerve 

regeneration depends on the anatomic type of incomplete 

vagotomy, i.e. on the size of the remaining intact vagal 

fibre. It was absent in a small vagal fibre (the intact 

fundic branch) but present at six months in a large vagal 

fibre represented in this study by an intact posterior 

trunk. Therefore, the potential for collateral nerve 

regeneration after highly selective vagotomy is great and 

has shown to be present in the dog (Cuesta, Valentin, 

1987 ) .

The quest, therefore, for newer techniques continues. 

Anterior highly selective and posterior truncal vagotomy 

without a drainage procedure has recently been decribed
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by Hill and Barker (Hill and Barker, 1978). This 

operation keeps the antrum and pylorus intact and 

denerveates the posterior wall of the antrum, pancreas 

and small intestine. A very similar procedure is 

anterior seromyotomy and posterior truncal vagotomy and 

the results to date over the past nine years have been 

encouraging (Taylor, 1980, 1982).

Therefore, it can be seen that from the days of Latarjet, 

surgical technique based on sound anatomical knowledge is 

vital to the success of the operation of vagotomy. As 

Johnston and Blackett (1988) put it so well recently, 

"The fault lies not in the vagotomy but in ourselves". 

It is surprising, therefore, that so few surgeons test 

the completeness of the vagotomy either at the time of 

the operation or post-operatively. These will now be 

discussed.
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INTRA-OPERATIVE AND POST-OPERATIVE TESTING 
AFTER VAGOTOMY

The truth of Johnston 8 Blackett's statement (1988) 

that the fault lies with the vagotomist becomes self 

evident from the work of Fawcett et al (1969 ) and 

Taylor et al (1977). Fawcett et al (1969) explored the 

oesophageal hiatus in 59 patients with recurrent 

ulceration after truncal vagotomy and drainage and 

found an intact trunk or trunks in 45% of cases and 

slender vagal strands in 15% of cases. Similar 

findings were reported by Taylor et al (1977). In this 

latter series, an intact posterior trunk was present in 

54% of cases.

A few techniques have been developed to try and ensure 

that the patient leaves the operating theatre with a 

complete vagotomy. Burge and Vane (1958) developed 

first in cats and later in patients a technique of 

electrical stimulation of vagal nerves around the 

oesophagus. The stomach was isolated with an

oesophageal balloon and a pyloric clamp. Any change in 

pressure inside the stomach on stimulation denoted the 

presence of residual vagal fibres under the electrodes 

and the quadrant relative to these fibres could be 

isolated and, therefore, the area for further 

dissection isolated. Burge et al (1970) used this test 

in a series of 700 selective vagotomies and claimed
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that 80% would have had an Incomplete vagotomy if the 

test had not been used. Clark and Murray (1963) had 93 

technically successful tests in 100 vagotomies and in 8 

patients missed nerve trunks were detected 

electrically, found and cut.

In a recent study in patients subjected to highly 

selective vagotomy there was an excellent correlation 

between the electrical test and the post -operative 

insulin test (Maybury et al, 1977). However, Watkin et 

al (1971) could find no correlation between electrical 

tests and the results of the insulin test at 1 week, 2 

months and 6 months. Unfortunately, the test prolongs 

the operation and it is sometimes difficult if not 

impossible to pass the tube. It may also be based on a 

misconception in that it assumes that the vagomotor 

fibres and the vagosecretory fibres are identical. 

There has been a reported death (Coupland and 

Cumberland, 1972). Lythgoe (1961) considered the time 

devoted to the test would have been better employed 

looking for the residual nerves. Therefore, the test 

is rarely used these days in this country and in the 

United States (Williams, 1969).

The use of int ra-gas t r i c pH probes to delineate the 

antrum have been in use for some time (Amdrup and 

Jensen, 1970). Grassi (1971) used these probes to map 

out areas of intra-gastric acidity following an
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apparently complete vagotomy of the parietal cell mass. 

Following an infusion of histamine or pentagastrin the 

mucosa is searched for areas with a pH below 5 so that 

residual vagal fibres can be detected. In one series 

two uncut nerves were found in 20 vagotomies (10%)

(Grassi et al, 1971). However, Johnson 8 Baxter found 

residual nerves in 29 of 50 highly selective 

vagotomies, an incidence of 48% (Johnson 8 Baxter,

1977). Unfortunately, this test is again tedious,

requires gastrostomy, prolongs the operating time and 

is associated with a post-operative infection rate of 

23% (Johnson 8 Baxter, 1980). The test also assumes that 

complete vagal denervation abolishes the gastric

secretory response to histamine and pentagastrin but it 

is known that histamine stimulated secretion in the 

post-operative period does not seem to be abolished by 

an adequate vagotomy (Hobsley, 1982). This test has 

again not become popular, perhaps because low

recurrent rates can be achieved without the test 

(Johnson and Blackett, 1988).

Selective staining of the vagal fibres with 

leucomethylene blue (Lee, 1969) has not gained 

widespread use, basically because it is inaccurate 

(Cooke et al, 1970) and patients subjected to the test 

show no difference from control patients when studied 

post-operat ively with the insulin test ( Jmsen et al, 1971)
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The use of dyes in medicine has always attracted 

attention, especially if given intravenously as with 

Neutral Red. Excreted only by the parietal cells, it 

offers theoretically an excellent method for 

delineating areas of residual innervation at the time 

of operation. Pritchard et al (1968) and Nundy and 

Baron (1975) used is experimentally during theoretical 

innervation of the vagal nerves. Weber et al (1975) 

combined intravenous Neutral Red with 2DG pre- 

operatively, intra-operatively and post-operatively. 

In the intra-operative test the appearance of purple 

dye on the swabbing sponge within 30 minutes after 

injection of Neutral Red was considered positive. A 

significant correlation was found between the result of 

the intra-operative test and the insulin test performed 

10 days post-operatively.

Therefore, several intra-operative tests have been 

designed to detect incomplete vagotomy, yet none has 

gained widespread popularity.

Post-Operative Testing

The same can be said for post-operative testing, 

certainly as far as this country is concerned (Baron 

and Williams, 1971). In this study carried out to 

evaluate the use of gastric function tests by British 

Gastroenterologists, only half the surgeons contacted
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ever try to assess the completeness of their vagotomies 

and in only one third of this half is it their usual 

practice. Of the 41 surgeons who used post-operative 

testing, 38 (92.6%) used the Hollander or Insulin Test.

Incomplete vagotomy is usually defined by a gastric 

acid response to insulin hypoglycaemia according to the 

pioneer studies in dogs by Hollander who developed the 

Insulin Test in 1946, (Hollander, 1942, 1946, 1948).

In 1927, it had been shown for the first time that 

intravenous insulin was a powerful hypoglycaemic 

stimulus of gastric secretion (Simici et al 1927). At 

first it was thought that the acid response after 

insulin was an all or none phenomenon. However, 

recently it has been shown that this is not the case 

(Baron, 1970, Spencer and Grossman, 1971). These 

studies clearly showed that insulin stimulated acid 

secretion is dose dependent, although the dose of 

insulin which produces the greatest acid output varies 

between individuals. An insulin dose of 0.2u/Kg is now 

recommended to produce sufficient hypoglycaemia to 

guarantee a near maximal vagal acid output and yet not 

to allow the blood glucose to fall so low that (a) 

hypoglycaemic inhibition of gastric secretion occurs 

and (b) dangerous side effects or even death occurs. 

The inhibition of gastric secretion by insulin has been 

studied extensively both in man and in animals.
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Hirschowitz (1966) was of the opinion that this 

inhibition was associated with a fall in plasma and 

gastric juice potassium and was reversed or prevented 

by the intravenous injection of Potassium Chloride. 

The earlier insulins were contaminated with glucagon 

which would account for the inhibition of gastric 

secretion in early studies. However, no significant 

early inhibition was found when British insulins were 

used (Baron, 1970) and Kronberg et al, Sead J. Castro - 

9: 173-176, 1974). The dangerous side effects of

insulin have been well noted and the Insulin Test 

should not be done in patients with heart disease, 

dysrhythmias or abnormal E.C.G's. and in diabetics and 

should be avoided in patients over 65 (Baron, 1978). 

Deaths have been reported after Insulin Tests and is 

probably due to dysrhythmias produced by hypocalcaemia 

and release of catecholamines, (Stempien, 1962, Decker 

and Myburgh, 1969, Kronberg, 1970).

Despite these worries, the Hollander or Insulin Test 

has been widely used and for the following reasons:

(1) to assess the efficiency of the surgeon's 

technique.

(2) as a means of assessing the likelihood of a 

patient developing recurrent ulceration, and
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(3) to determine whether the dyspepsia following 

vagotomy is due to a recurrent ulcer and if so, 

whether there is still substantial vagal 

innervât ion

Criteria for the completeness of vagotomy have fallen 

into two groups, qualitative and quantitative criteria.

Qualitative Criteria

An Insulin Test was considered positive when an 

increase of 20mmol/l in titratable acidity in any two 

consecutive 15 minute samples in the 2 hours after the 

intravenous injection of insulin (provided the blood 

sugar fell below 50mg per 100ml) over the mean acidity 

of the two 15 minute basal samples. If the basal 

samples contained no free acid then the test was 

considered positive when post-insulin acidity was more 

than lOmmol/1. These were Hollander's original

criteria (Hollander, 1946, 1948).

In 1964 Ross and Kay in Sheffield noted that the 

patients in the Hollander Test fell into two distinct 

groups. In the first group, the response occurred 

within 45 minutes (early positive) and in the second 

group the response occurred within 45-120 minutes (late 

positive). The 'early'positive patients showed higher 

basal secretion and greater response to both insulin
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and the augmented histamine test than did the ' late' 

positive patients and these differences were 

statistically significant. It was further noted that 

the 'late' positive group approximated more closely to 

the negative response group (complete vagotomy) than to 

the early positive one. It was suggested that the 

'early' response indicated an incomplete and inadequate 

vagotomy due to the presentation of a vagal trunk or 

large vagal branch while the late response indicated an 

incomplete but adequate vagotomy to be the preservation 

of a small vagal fibre. This concept has been 

confirmed experimentally by the work of Legros and 

Griffith (1968). Insulin tests were performed in dogs 

before and after two anatomic types of incomplete 

vagotomy. Results before and after incomplete vagotomy 

of an intact trunk were large and early while the 

response after incomplete vagotomy of an intact fundic 

branch was significantly decreased and delayed.

Johnston et al (1967) thought that even better 

differentiation could be obtained by extending the 

'early' response to the first 60 minutes and the 'late' 

response to the second 60 minutes. I have followed 

these criteria in this thesis.

Quantitative Criteria

(1) Reduction in 12 hour overnight secretion of less
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than 60% (Dragstedt et al, 1947).

(2) An increase in volume of gastric juice in any hour 

after insulin compared with the basal hour 

(Waddell, 1957)

(3) Output of acid in the 2 hours after insulin of 

more than 2mmol (Stempien, 1958).

(4) Output of acid in any of 3 hours after insulin of

more than Immol, higher than in any of the 2 basal

hours or basal acid output of more than 2mmo 1

(Bachrach, 1962).

(5) Output of acid in the first hour after insulin 5

mmols more than the basal hour (Clark and Murray, 

1963).

(6) A comparison of peak acid output during 2 hours 

after insulin before vagotomy, with peak acid 

output during 2 hours after insulin following 

vagotomy (Hubei, 1966).

(7) Output of acid in the first or second hour after

insulin higher than basal acid output in the two 

15 minute basal collections expressed as mmols/h. 

(Bitsch et al, 1966)
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(8) Output of acid in any one hour after insulin of 

2 mmol more than in the basal hour (Bank et al,

1967) .

(9) Basal acid output more than 0.25mmol/h or increase 

in any post-insulin hour over basal acid output 

more than 0.25mmol/h, any post-insulin hour more 

than Immol (Bachrach, 1967).

(10) An excess of O.Smmol in 2 hours after insulin 

compared with 2 hours basal secretion (Stempien,

1968) .

(11) An increased acid output after insulin in excess 

of three times the mean basal output (Gillespie et 

al, 1972).

Multiple Criteria

Since none of the above quantitative criteria have been 

shown to be superior to Hollander's original criteria 

(Kay, 1967), it has been suggested that the sum of five 

criteria should be used (Bank et al, 1967 and Ruckley, 

1973). However, Decker (1969) and Hood et al (1976) 

did not find multiple criteria any more helpful than 

the Hollander criteria alone. Therefore, the Hollander 

criteria with the Ross and Kay or Johnston modification 

are still the most widely used internationally.
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Timing of the Hollander Test

Surgeons who adopt the practice of routine insulin

testing after vagotomy have preferred to do the test

before discharging the patient from hospital, otherwise 

one is faced with difficulty of persuading symptomless 

patients to return for secretion tests (Hood et al,

1976). However, a high incidence of change from

negative to positive responses were noted in the weeks 

following vagotomy (Mason and Giles, 1968, 1969,

Gillespie et al, 1970). The initial tests were

probably unsatisfactory due to the large gastric

residue or stagnation of food. The final pattern of 

the response to insulin seems to be established at 2

months after vagotomy and it is recommended that the 

Insulin Test be delayed until after this period (Watkin 

et al, 1971). Therefore, the early Insulin Test is of 

little value. It is interesting to note that even with 

early testing a review of the literature shows an 

overall incidence of incomplete vagotomy of 25% (Cox,

1970) .

Assessment of Surgical Technique

There have been studies from four centres to try and 

assess the role of experience in producing a complete 

vagotomy. In three studies the role of experience 

seems to be paramount. In Sheffield, there were early
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positive responses in 13 out of 54 patients whose 

vagotomies had been performed by surgeons in training 

but in none of 73 patients vagotomised by experienced 

surgeons (Kay, 1969). In Copenhagen, the recurrence 

rate of experienced vagotomists was half that of their 

inexperienced colleagues (Holst-Christensen et al,

1977). A study in Lund, Sweden, showed that 2 

specialists in gastric surgery achieved lower acid 

responses to insulin immediately after surgery and 1 

year later than their more general colleagues and this 

was reflected in less recurrent ulceration (Liedberg 

and Oscarson, 1976). However, in Leeds, Johnston and 

Golligher (1971) found 18% incomplete vagotomies among 

the consultant surgeons and 12% incomplete vagotomies 

among the senior registrar and registrars. These 

findings were similar both for truncal and selective 

vagotomy. However, Johnston recently has emphasised 

that "the Hollander Insulin Test provides good quality 

control and so exerts psychological pressure on the 

surgeon to achieve a complete vagotomy" (Johnston and 

Blankett, 1988).

Assessment of Prognosis of Patient

The second most important reason for performing an 

Insulin Test is to give the surgeon an idea as to the 

prognosis of the patient as far as recurrent ulceration 

is concerned. Hollander himself emphasised that it was
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impossible in an individual patient to predict the 

occurrence of recurrent ulceration on the evidence of 

insulin test (Weinstein et al, 1950). At least 50% of 

patients will have a positive insulin test by 

Hollander's criteria (Hollander, 1948). Johnston et 

al, (1967) followed 286 patients after truncal vagotomy 

for 2 years and 134 (47%) give a positive response to 

insulin. However, as few as 60% of patients with 

recurrent ulcer have a positive response (Jordan and 

Condon, 1970, Kennedy et al, 1973, Ross and Kay, 1964,

Watkin and Duthie, 1971, Johnston et al, 1967,

Eisenberg, 1969). The insulin test is, therefore, an 

imperfect means of predicting recurrence.

Because of this, there has been a search for other

tests. For example, the ratio of the peak acid output

after insulin to the peak acid output after 

pentagastrin has been suggested as a quantitative index 

of vagal innervation (Venables and Johnston, 1969). 

This test has not gained acceptance, the main reason 

being that after vagotomy the peak acid output after 

histamine or pentagastrin is not a valid index of the 

stomach's maximal capacity to secrete acid because much 

higher doses are needed (Duthie et al, 1967) and the 

only way to achieve pre-vagotomy levels is to 

administer simultaneously a cholinergic drug (Payne and 

Kay, 1962).
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Peak acid output (P.A.O.) is unsuitable for evaluation 

of completeness of vagotomy in the early post-operative 

period (Holst-Christensen, 1977). Recently, Primrose 

and Johnston, 1986, compared the Insulin Test with the 

basal acid output and peak acid output in 38 patients 

with recurrent ulceration after highly selective 

vagotomy and 101 patients without recurrent ulceration. 

This study showed that the Insulin Test was less 

sensitive than basal acid and peak acid output as 

indicators of recurrence was much more specific. Their 

conclusion was that it would be premature to abandon 

the Insulin Test.

Therefore, the ability of the Insulin Test to identify 

patients with incomplete vagotomy is well established 

although the relationship cannot be proved because 

until recently there was no other independent test for 

comparison. Sham feeding has been introduced recently 

to test for completeness of vagotomy (Stenquist et al, 

1978, Athow et al, 1984, 1986 ). It is certainly a

safer and simpler test than the Insulin Test and 

probably a purer vagal stimulant of acid than insulin. 

Kronberg was of the opinion that the Insulin Test 

should be abandoned and replaced by the Sham feeding 

test (Kronberg, 1981).

Kronberg's advice has certainly been heeded and the 

Insulin Test has been abandoned in many centres. The
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reasons for this abandonment are listed below:

(1) The test can be dangerous, especially in elderly 

patients and those with a heart condition and

fatalities have been recorded (Decker 6 Myburgh, 

1969 ) .

(2) Its predictable value is low.

(3) The insulin induced hypoglycaemia stimulates acid 

secretion by non-vagal as well as by vagal 

mechanisms (Read et al, 1972). This would 

explain its poor predictive value and the

frequency with which positive results are 

recorded in asymptomatic patients. The non-vagal 

pathway suggested has been the sympathetic

system.

(4) Insulin hypoglycaemia may release gastrin (Jordan 

6 Condon, 1970) and this would explain the late 

response even in patients with complete vagotomy.

Therefore, the time seemed appropriate in 1971 to see 

whether the Neutral Red Test could be used to assess 

the completeness of vagotomy, to compare it with the 

Insulin Test and to see whether it had a better

predictive value. The methods involved were developed 

from the large clinical experience of others in the
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1920's and 1930's and from my own experimental 

observations gained in the Department of Surgery, 

University of Washington, Seattle (Jones, 1968, 1969).
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THE EXCRETION OF NEUTRAL RED

The application of Neutral Red as an initial dye was 

first introduced by Ehrlich. Its use in the study of 

gastric secretory function dates from Fuld's work in 

dogs (Fuld, 1908). He demonstrated excretion into 

Pavlov pouches when the dye was instilled into the main 

stomach. This work was confirmed by Finkelstein in 1922 

who went further and showed that the excretion of the 

dye occurred in the main stomach and in the Pavlov pouch 

after subcutaneous injection of the dye.

The first clinical application of the dye occurred in 

1923 when Glaessner and Wittgenstein used it to assess 

gastric function. They performed the test in 40 

patients, injecting Scc's of a 1% solution of Neutral 

Red intravenously and found that in normal individuals 

the dye appeared within 10-15 minutes. In hyperacidity, 

the dye appeared sooner while in hypoacidity 50 minutes 

elapsed before the dye appeared in the stomach. They 

came to the conclusion that the dye was excreted only by 

the acid secreting cells. Davidson et al, 1925, 

investigated the excretion of the dye in 48 cases 

including normals and patients with peptic ulcer, 

gastric carcinoma, pernicious anaemia and microcytic 

anaemia. The actual quantity of the dye excreted during 

a two hour test period was measured. Again, the 

relationship between the appearance time and gastric
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acidity was noted but that this relationship was too 

unreliable for it to be used as a diagnostic test.

Piersol et al, 1925, came to the same conclusion. They 

showed that only a small fraction of the intravenously 

injected Neutral Red appears in the stomach. In normal 

controls, only 1.2% of the dye was excreted into the 

stomach during a two hour test period. Therefore, it 

was concluded that the dye is largely eliminated by the 

other organs, the liver, kidneys and small intestine and 

that little reliance could be placed upon any 

quantitative method of testing the secretory function of 

the stomach. Further, they showed that there was a 

rough relationship between the amount of dye excreted 

and the degree of gastric acidity but also that the dye 

could be excreted in the absence of acid. This 

phenomenon had been previously shown to be possible. 

Hirbayash, (1924), experimenting with gastric cannula 

dogs had found that the stomach continued to eliminate 

dye after the hydrochloric acid was completely 

suppressed by silver nitrate solution. Therefore, the 

possibility was raised, even at this early stage, that 

the excretion of Neutral Red could be independent of the 

secretion of hydrochloric acid. This era in the 

clinical use of the Neutral Red test closed with another 

disappointing study from Guy's Hospital (Fairley and 

Ive, 1925). The results from this study showed that the 

excretion of Neutral Red was too irregular for it to be
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considered as a test with clinical value. At this point 

in time, there was no proof, clinically or 

experimentally, that Neutral Red was solely excreted by 

the oxyntic cells.

Ingram and Visscher (1934) investigating the 

physiochemical characteristics of dyes excreted by the 

stomach had found that all dyes appearing in gastric 

juice after intravenous injection in the dog were 

characterised by having chromogen in the electro

positive ion under suitable conditions; this included 

Neutral Red.

Previously Kobayashi (1926) had found that only basic 

dyes such as Neutral Red are excreted by the stomach 

though Dawson and Ivy (1925) could find no physical or 

chemical characteristics that distinguished the dyes 

which appeared in gastric juice. However, these latter 

workers were the first to claim that Neutral Red could 

be detected by microscopic examination in the canaliculi 

of the oxyntic cells. However, they were unable to fix 

the dye in the oxyntic cell. This was accomplished by 

Morrison et al in 1936. By the use of a "Susa" mixture 

of Heidenhein, Neutral Red granules were found to be 

selectively eliminated by the oxyntic cells of the white 

rat's and dog's stomachs. The localisation of the 

Neutral Red granules corresponded exactly with the 

anatomic distribution of the oxyntic cells in the
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phloxine-methylene blue preparations. Morrison (1938) 

in the clinical context had seen patients who 

demonstrated no secretion of hydrochloric acid in the 

fasting analysis or after a test-meal but did excrete 

Neutral Red. He, therefore, thought that the Neutral 

Red excretory test represented the last stage of mucosal 

activity before complete cessation of oxyntic glandular 

funct ion.

Bradford and Davies (1949) from the Department of 

Biochemistry, University of Sheffield, showed that basic 

dyes of many chemical types were transported across 

acid-secreting frog and toad gastric mucosa and were 

concentrated in the secretions. On the other hand, some 

acid dyes were transported but were not concentrated in 

the secretions. These workers found that Neutral Red 

was especially suitable as it was possible to see that 

the gastric tubules and the canaliculi of secreting 

oxyntic cells were red with acid form of the dye whilst 

the cytoplasm of the oxyntic cells and the lower regions 

of the mucosa were yellowish and slightly alkaline. 

Experiments with Neutral Red showed that the acid is 

formed with a pH 6.8.

Experimental studies by Kolm, Komarov and Shay, 1945, 

showed in dogs that Neutral Red was excreted by the 

oxyntic cells and that it was not excreted by the 

pyloric mucosa. They showed for the first time that the
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dye acted as a mild gastric secretagogue consistently

producing a small increase in gastric secretion as well 

as an increase in the acidity or a decrease in the 

alkalinity of the juice. These effects were prevented 

by preliminary atropinization and to a lesser degree by 

vagotomy. They came to the conclusion that the major

part of the secretagogue action of Neutral Red was due 

to stimulation of the vagal mechanism. Further proof of 

this mechanism was obtained by the observation that the 

intravenous administration of Neutral Red was always 

accompanied by slowing the heart rate and a decrease in 

the amplitude of the pulse, both effects abolished by

vagotomy. They later showed (Komarov et al, 1949) that

the liver plays a predominant part in the excretion of 

the dye, eliminating 28.2% in the first hour while the 

kidneys only excrete 2.4% during the same period.

The Neutral Red test was re-introduced as a clinical 

test of gastric function by Gillman (Gillman, 1943, 

1944). In a study of 90 normal controls and 300 

patients with gastric dysfunction, he came to the 

conclusion that the Neutral Red test was not only more 

reliable but also more sensitive than the acid secretion 

test as an indicator of gastric function. He also came 

to the conclusion that acid secretion and dye excretion 

do not necessarily parallel one another and that they 

are indicators of two apparently independent functions 

of the gastric oxyntic cell.
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Sévitt and Jepson (1948) came to the same conclusion as 

Gillman that the Neutral Red test was superior and more 

reliable than the estimation of acid secretion. They 

also showed that there is a statistical correlation 

between normal acid production and normal Neutral Red 

excretion and between achlorhydria and lack of excretion 

of the dye. However, they also showed that patients 

with normal acid production failed to excrete the dye at 

all. They also showed that excretory activity of the 

dye is abolished by vagotomy and unaltered by lumbar 

sympathectomy, unilateral and bilateral and 

splanchnicec tomy.

When Pritchard, Griffith and Harkins, 1968, re

introduced the use of Neutral Red experimentally, they 

were able to show that the old "all or none" theory was 

incorrect and that in the dog the vagus nerve was 

distributed segmentally. Legros and Griffith (1968a and 

1968b) and I (Jones, 1969, 1970a, 1970b) were able to

show that this also applied in the rat. My work in 

Seattle showed that in the rat the long-term fate of the 

residual vagus fibre depended on the size of the fibre. 

A small residual fibre as depicted by the intact fundic 

branch, had not changed over a period of a year in area, 

acid output or ulcerogenic potential, while a large 

residual fibre as depicted by a posterior vagal trunk 

showed evidence of increasing its influence through 

collateral nerve regeneration. Therefore, the findings



- 51 -

in this study suggested that an incomplete yet adequate 

vagotomy as represented by an intact fundic branch 

seemed destined to remain so even after an interval of 

time and that recurrent ulceration was a problem of 

incomplete, inadequate vagotomy at the time of the 

initial operation and not to be attributed to collateral 

nerve regeneration from a few residual vagal fibres.

At this point in time, it seemed an appropriate time to 

me to see whether the Neutral Red Test could be revived 

yet again and to see whether it had clinical application 

in three areas:

(1) To assess the completeness of vagotomy.

(2) To compare the Neutral Red Test with the Hollander 

or Insulin Test and to assess the ability of both 

to predict the outcome after truncal vagotomy.

(3) To assess the outcome of the 'late' positive 

response. Taylor wrote recently, "the significance 

and mechanism of the 'late' positive insulin 

response and its relation to recurrent ulcer is ill 

understood" (Taylor, 1987). I was especially 

interested to see whether an incomplete but 

adequate vagotomy as represented by the 'late' 

positive response carried a good prognosis on a 

long-term basis. In other words, to see whether in
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the human a few small vagal fibres had the potential 

over a long period of time to regenerate

significantly by collateral nerve regeneration or 

sprouting. Experimentally in the rat, this ability 

to regenerate over a period of a year had been shown 

to be of no significance (Jones, 1969, Jones 6 

Griffith, 1970 (a) (b) ).
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MATERIALS AND METHODS

The clinical and laboratory studies involved 100 

patients suffering from duodenal ulcer, as diagnosed 

pre-operatively by barium meal and/or gastroscopy. 73 

of the patients were male and 27 were female. Their 

ages ranged from 24-82 years with a mean age of 50. The 

operation carried out in all cases was truncal vagotomy 

and pyloroplasty. The operations were performed by 

consultants and by surgeons in training, namely 

registrars and senior registrars.

Two tests were used to investigate these patients:

(a) the Neutral Red Test carried out pre-operatively in 

48 patients and in all 100 post-operative patients.

(b) the Hollander or Insulin Test carried out in all 

100 post-operative patients only.

Watkin and Duthie in 1971 had shown that the Insulin 

Test performed less than one month post-operatively had 

given unreliable results but at two months, the results 

seemed to represent the final pattern of secretion. 

Therefore, both tests carried out in the present study 

were performed at some time, two to four months after 

operat ion.
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Collection of Gastric Secretion

Pre-operatively and post-operatively, the patients were 

starved from midnight on the night preceding the test. 

An Andersen (H.W. Andersen Products, Colchester) double 

lumen tube (AN 10) was measured from the nose to a point 

5cm above the umbilicus by applying the tube to the body 

contour and by appropriate marking. The tube was passed 

through the nose to this mark. The stomach was washed 

out with 100ml of warm water by means of a 20ml syringe 

until the aspirate was clear.

When the stomach was completely empty, the position of 

the naso-gastric tube was not checked radiologically but 

by the use of the water recovery test. The importance 

of checking the position of the tube by x-ray 

examination prior to performing gastric secretory 

studies has been stressed by previous workers (James and 

Pickering, 1949) but Hassan and Hobsley (1970) had found 

that a simple water recovery test was as reliable as 

fluroscopy for showing that the tip of the tube was 

within the stomach and that the exact position of the 

tube did not affect recovery. This work was confirmed 

by Findlay, Prescott and Sircus (1972). After emptying 

the stomach, the patient now drank 20ml of water and lay 

in a semi-recumbent position on the left side. If 

between 16-20ml of water could be recovered by using 

manual aspiration with a syringe, the position of the
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tube was regarded as satisfactory. If not, the position 

of the patient was changed to (a) supine and then (b) 

the right lateral position. If adequate recovery was 

not achieved, the tube was withdrawn in 2.5cm stages. 

The position of the naso-gastric tube was considered to 

be satisfactory when 16-20ml of water was recovered. 

Findlay, Prescott and Sircus (1972) had shown that there 

was no significant differences between acid studies 

irrespective of the method used for positioning the 

naso-gastric tube, i.e. fluroscopy or water recovery.

With the naso-gastric tube in the correct position, it 

was then connected to suction. Continuous suction was 

maintained at a sub-atmospheric pressure of 3-8cm of Hg 

(Checkoffs 1966, Ross and Kay, 1964). Throughout the 

tests, care was taken to maintain patency of the tubes 

by injecting small quantities of air under pressure at 

frequent intervals into the side tube of the double 

lumen tube.
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NEUTRAL RED

Neutral Red is a basic, azine dye with a molecular 

weight of 288.78. Its chemical structure is shown in

Figure 9 . The presence of a positively charged ion is

to be especially noted. Ingraham and Visscher in 1935 

showed that only dyes whose chromogen is constantly

present in the cation and are, therefore, 

electropositive, are excreted in the gastric juice, 

while dyes whose chromogen is constantly present in the 

anion are, therefore, electronegative, are excreted in 

the pancreatic juice. The dye in its alkaline or 

neutral form has a yellowish brown colour and at pH 6.8 
it changes into its red or acid form. Figure 9 . The 

colour of the dye does not fade when exposed to light

and I have kept samples which have remained unchanged 

for a period of 18 years.
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N CH

NHN
H CL

â-:
pH. 7-0 pH. 6-1

Fig. 9: Chemical structure of Neutral Red and colour

change at pH 6 .8 .
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PYLORIC LOSS AND DUODENAL REFLUX

In 1969 Hobsley 8 Silen proposed the use of an inert 

marker, phenol red, to improve the accuracy of gastric 

secretion studies. Since that time, the technique has 

been updated, Faber et al, 1975. This technique demands 

the use of phenol red, introduced into the stomach at 

the rate of 12ml per hour. With the use of a formula, 

the objective is to correct for pyloric loss and 

duodenal reflux. The phenol acid estimation is made by 

a spectrophotometric determination at 2 wavelengths, 

namely 550mm and 410mm. At 410mm correction is made in 

the optical density for the presence of any haemoglobin 

which almost invariably contaminates tube-aspirated 

secretions (Crawford 8 Hobsley, 1968). Because of the 

obvious difficulties of distinguishing between phenol 

red and neutral red spectrophotometrically no correction 

was made in this study for pyloric loss and duodenal 

reflux either in the Neutral Red or Insulin Test. 

Stature (Whitfield 8 Hobsley, 1979) has also been 

ignored in the interpretation of these tests.

Intravenous Injection of Neutral Red

The patient was allowed to rest for 10-15 minutes and 

the juice secreted during this period was discarded. In 

25 patients, the basal half hour secretion was measured 

prior to the injection of the dye. 5ml of a 1% 

filtered, sterile and pyrogen free aqueous solution of
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Neutral Red (50mg) was injected intravenously as rapidly 

as possible and a stop watch was started. The time 

taken for the dye to appear in the gastric juice was 

recorded. This was taken as the excretion time (E.T. ) 

and samples were taken at 5 minute intervals for the 

next 30 minutes. The first 15 minutes and second 15 

minute outputs were then calculated. During the test, 

the patients were asked not to swallow but to 

expectorate saliva.

Method of Measuring Neutral Red

Sevitt and Jepson (1948) estimated the concentration of 

the dye in each sample of gastric juice by direct vision 

in a comparator box using standard dilutions of the dye 

contained in identical test tubes. The standard tube 

was backed with a tube containing uncoloured juice and 

the unknown with a tube of water. They reported that 

with a little practice, the dilutions were easy to read. 

However, Komarov et al (1949) raised the possibility of 

absorption on the Neutral Red by proteins in gastric 

juice including cellular elements, mucus and food 

residues. They clearly showed that two major sources of 

error made the results of direct colorimetry 

unsatisfactory; (a) the opacity of the supernatant 

and, (b) the absorption of the dye by the solid phase. 

Their results amply prove that direct colorimetry is 

inadequate as a method of determining Neutral Red not
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only in human gastric contents but also in cases of

pure gastric juice as obtained in carefully controlled

animal experiments. These authors were the first to 

introduce two methods to try and overcome the drawbacks 

of direct colorimetry; (a) the Acetone method and (b) 

the Benzoic Acid absorption method.

For the investigations presented in this thesis, the 

first method, the Acetone Method, was adapted. It is

based on the ability of acetone in the presence of free

hydrochloric acid to extract dye quantitatively from 

gastric contents and, at the same time, to precipitate 

the proteins.

The reagents required are (a) O.IM hydrochloric acid

and (b) acetone and 1ml of the gastric juice was placed 

in a graduated centrifuge tube. In addition, 1ml of
water was placed in another tube. To each tube, 1ml of

the O.IM hydrochloric acid and 8ml of acetone were 

added. This solution in this last centrifuge tube 

became the blank. The tubes were stoppered, the

solution mixed by inversion and stored overnight at 4 

degrees C. Next day, the tubes are centrifuged and 

absorbances read in a Unicam SP 600 Spectrophotometer 

using 1cm light path cells at a wavelength of 520 

millimicrons. The instrument is set at zero with the 

blank and the absorbances are read off against this 

blank. Initially, a full calibration curve was set up
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with each batch of tests but linearity proved 

satisfactory through many batches and thereafter only 

one standard was used (1.Orag/lOOml).

The optical densities obtained for each test solution 

were converted into dye concentrations by using a 

calibration curve. This had been previously constructed 

from optical densities of various concentrations of the 

dye ranging from O.lmg to l.Omg/lOOml. As can be seen 

from Figure 9, Beer's law was obeyed in the above range.

In the first few patients subjected to the Neutral Red 

Test, blood was taken before and during the half hour 

test period and its electrolyte and blood sugar content 

estimated. No change occurred in electrolyte or sugar 

content. At the end of the test period, the patient and 

nursing staff were warned about the colouring of the 

urine and faeces which would ensue and not to be 

alarmed.

Previous studies had shown that the Neutral Red could be 

removed by simple filtration to give clear, gastric 

juice suitable for acid estimations. Gillman (1943) 

used cotton wool which he plugged into the barrel of a 

20cc syringe; the gastric juice was then poured into 

the barrel above the cotton wool. Thus, the clear 

gastric juice could be expressed into a test tube. In 

the present study I separated the gastric juice from the
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0.7 -I Instrument Unicam SP600 
Wavelength 540mp,
Light Path 1 cm cells0.6 -

0.5 -

c 0.4 -
CD
Q

1  0-3 -
Q_
O 0.2 -

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.00
Neutral Red (mg/100ml)

Fig.10: Calibration curve for Neutral Red.
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Neutral Red by simple filtration through 2 or 3 

thicknesses of filter paper as suggested by Kobayaashi 

1926, Komarov et al, 1949, and Sevitt and Jepson, 1948. 

The technique offered an opportunity to assess the 

relationship between the secretion of Neutral Red and 

hydrochloric acid. The dye was removed by filtration 

and the acid content measured by titration to pH 8.4, 

the phenolphalein end point.

Three additional studies were carried out:

(a) The Gastroscopic Visualisation of Neutral Red

In this study, the gastric mucosa was visualised during 

routine pre-operative gastroscopy following an injection 

of Scc's of a 1% Neutral Red solution.

(b) The Intra-Operative Use of Neutral Red

In this study the presence of Neutral Red was determined 

by swabbing the gastric mucosa with a sponge through a 

gastroduodenotomy performed as a part of pyloroplasty.

(c) The Effect of Atropinisation

The study only involved 5 patients as this was 

sufficient to show the dramatic effect Atropine had on 

Neutral Red excretion. Experimentally, this had been
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confirmed in the dog by Weber et al (1975). The Neutral 

Red output was calculated pre-operatively and post- 

operatively following an injection of 600 micrograms of 

atrophine sulphate given intramuscularly half an hour 

prior to the injection of Neutral Red.

In all these studies there was no attempt made to 

administer a gastric secretory stimulant in the form of 

Histamine, Pentagastrin, Insulin or 2 D.G.

The Hollander or Insulin Test

This was performed in all the 100 post-operative

patients. The collection of gastric juice was

continuous suction at a negative pressure of 3-5cm of Hg 

with frequent air insufflation to maintain patency. 

After three 15 minute basal samples had been obtained 

crystaline insulin (0.2 units per Kg body weight) was 

given intravenously. Eight further 15 minute

collections were then made. The volume of each sample 

was recorded and the acid concentration measured either 

by automatic titration to pH 7 using a glass electrode 

pH meter (radiometer) or by titration to the

phenolphthalein end point, Ph 8.4 (30 Leicester

patients).

In all tests, samples of venous blood were taken for 

estimation of blood glucose levels before and at 30 and
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45 minutes after insulin injection.

The Insulin Test was interpreted by using the criteria 

propounded by Hollander (1948). A positive response was 

denoted by an increase in acidity of at least 

20mmol/litre over the resting value within 2 hours of 

the insulin injection. When the resting juice was an 

acid, an increase of lOmmol/litre within 2 hours of the 

insulin injection also indicates a positive response. 

The positive response was further subdivided into 

"early" or "late" positive according to the criteria 

laid down by Johnston et al (1967). A response in the 

first hour was labelled as "early" and in the second 

hour as "late".

The Follow-Up Study

100 patients, 73 male and 27 female, were entered into 

the longterm study which was terminated on the 1st 
January, 1989. Most of the survivors were interviewed 

by me personally, either in Outpatients, in their homes 

or on the telephone. A few wrote to me after I had sent 

them a questionnaire and gave a full account of their 

state of health.

21 patients died during the course of the study. Within 

this group, I managed to get a detailed account of the 

health of the patient and a full clinical picture from:
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(a) The Hospital notes

(b) The post-mortem findings, and

(c) A detailed history from surviving close relatives

An overall assessment of the clinical result was made by 

using a modified Visick grading (Table 1).
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TABLE 1

VISICK CLASSIFICATION

(MODIFICATION OF DUTHIE 8 BRANSON, 1979)

Grade I No gastric symptoms

Grade II Mild symptoms easily controlled by 

slight adjustment to diet or way of 

life

Grade III Moderate symptoms not controlled by 

simple manoevres and not interfering 

with social or economic life. Better 

than pre-operatively.

Grade IV Symptoms as bad as or worse than 

before operation and patients having 

recurrent ulceration were assessed as 

Grade IV



RESULTS
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I A description of the excretion of Neutral Red in

patients with duodenal ulcer.

(a) Patterns of Excretion

(b) Effect of Atropine

(c) Effects of Bile

(d) Effect of Neutral Red on Acid Secretion

II Division of the Neutral Red Test into 'Early' and

'Late' Positive

III Parallelism between the excretion of Neutral Red

and Acid Secretion

IV Result of the gastroscopic and intra-operative

study

V Initial comparison between the Neutral Red Test and

the Insulin Test

IV The Follow-Up Study

(a) Clinical Results

(b) Predictive value of both tests and the basal 

acid secretion

(c) The fate of the 'Late' Positive Response



THE NEUTRAL RED TEST
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With the dosage of Neutral Red used in this study, 50mg

(5ml of a 1%) in an aqueous solution, no adverse

reaction was noted at the initial testing and at follow-

up. The only feature noted in some patients was a cough

and a short period of hyperpnoea during the injection of 

the dye. Some patients were monitored with an E.C.G. 

but I could find no change in heart rate as described in 

the rat and the dog (Jones, 1969, 1970(a), 1970(b), Kolm 

et al, 1945). The above effects must be due to a 

central vagal action.

No change occurred in the blood sugar or electrolyte 

content of the blood during the test. The excretion of 

the dye in the urine and in the faeces in the following 

48 hours was physiological (Figure 16) and it was found 

advisable to warn nursing staff and patients of this 

occurrence so as to prevent undue anxiety and alarm.
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PRE-OPERATIVE EXCRETION OF NEUTRAL RED

The pre-operative excretion of neutral red was performed 

in 48 patients, 39 male and 9 female. The mean 

excretion time (E.T.) was 3.1 mins., i.e. the time from 

the injection of the dye intravenously to its first 

appearance in the gastric aspirate. The age of the 

patient varied from 24 years to 76 years, the mean age 

for the males was 47 years and the mean age for the 

females was 43 years. The 5 min. output of neutral red 

was performed in 41 patients (Figure 11 ) and the 15 min. 

output in 48 patients (Figure 12 ). The larger excretion 

of neutral red occurred in the first 5 minutes and 

progressively falls off during the last 15 minutes 

(Figure 12 ). Similarly, the larger excretion of neutral 

red occurred in the first 15 minutes and was 

significantly larger than the second 15 minute output. 

8 of the second 15 minute samples were heavily 

contaminated by bile, an incidence of 16.7% and were 

excluded from the study.

It can be seen from the results in the Appendix that 

there is a wide variation in individual outputs. The 

first 15 minute output varied from 16.8ug to 147.9ug 

(mean = 57.6ug) and the second 15 minute output varied 

from 4.7ug to 101.9ug (mean = 38.6ug). Therefore, there 

was only one patient (K.S.) in which the output was 

below 20ug in the first 15 minute period. Therefore,
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15MIN OUTPUT OF NEUTRAL RED IN 41 PRE-OPERATIVE PATIENTS 
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Fig. 11
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15MIN OUTPUT OF NEUTRAL RED IN 48 PRE-OPERATIVE PATIENTS
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EFFECT OF ATROPINE ON THE EXCRETION OF

NEUTRAL RED
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Fig. 13: Excretion of Neutral Red in a pre-operative

case above and in an 'early' positive below.
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Fig. 14: Excretion of Neutral Red in two 'Late' Positive

cases.
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Fig. 15: Absent Neutral Red Excretion in a negative

case.
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50mg of neutral red i.v.

GASTRIC EXCRETION

0.097mg in 30min (0. 
(96.8ng)

PATHWAYS OF NEUTRAL RED ELIMINATION FROM THE BODY

Fig. 16
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later in the study it was decided to use this cut off 

point to differentiate between 'early' and 'late' 

positive. Figures 13 to 15 show the actual specimens 

obtained in pre-operative patients and in post-operative 

patients that excreted more than 20ug/15 minutes in the 

'early' positive, less than 20ug/15 minutes in the 

'late' positive and the patients that failed to excrete 

neutral red in negative results.

Therefore, in pre-operative patients the excretion of 

the dye

(a) occurs quickly (mean 3.1 minutes)

(b) occurs mostly in the first 15 minute period when 

there is no obvious contamination by bile

(c) only a fraction of the dye is excreted by the 

stomach in the 30 minute test period, 0.2% (Figure

16 )

(d) most of the dye is excreted by the liver, kidneys 

and intestine.
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THE EFFECT OF ATROPINE ON THE EXCRETION OF
NEUTRAL RED

The injection of subcutaneous atropine 20 minutes before

the injection of neutral red has a profound effect on the

excretion time (E.T.), increased from 4.4 minutes to 11.7 

minutes and on the output of neutral red during the first 

and second 15 minute period (Table 2, Figures 17 and 18).

In two patients the excretion of neutral red was totally 

abolished.

This effect of atropine had been demonstrated previously. 

Kolm et al (1945) showed that atropinisation prior to the 

injection of neutral red in dogs had a significant effect 

on the amount of dye excreted. They came to the

conclusion that the major part of the secretagogue effect 

of neutral red on the parietal cells is due to

stimulation of the vagal mechanism. Weber et al (1975) 

had also shown in dogs that intramuscular atropine given 

preoperatively will give negative intraoperative and post 

operative 2DG-neutral red tests.
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TABLE 2

EFFECT OF ATROPINE ON THE EXCRETION OF NEUTRAL RED

Before Atropine After Atropine

Name E.T. 1st 15 min 2nd 15min E.T. 1st 15 min 2nd 15min
(min) (fig) (min) W ) (^9)

VC. 6.0 116.5 167.8 15.0 47.9 18.0
W.Ch. 4.0 83.3 21.0 - 0 0
M.G. 5.0 34.5 26.1 - 0 0
P.G. 3.0 26.6 27.8 10.0 10.2 8.7
F.F. 4.0 94.9 87.0 10.0 30.4 18.8

Means 4.4 71.1 65.9 11.7 17.7 9.1



— 80 —

EFFECT OF ATROPINE ON THE EXCRETION OF NEUTRAL RED 
(During the first 15 min)
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Fig. 17
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EFFECT OF ATROPINE ON THE EXCRETION OF NEUTRAL RED 
(During the second 15 min)
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EFFECT OF BILE ON THE ESTIMATION OF NEUTRAL RED

IN GASTRIC JUICE
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EFFECT OF BILE ON THE ESTIMATION OF 
NEUTRAL RED IN GASTRIC JUICE

Figure 19 shows the absorbance curves of neutral red and 

bile. The optimum measurement for neutral red is at 

wavelength 540m/u. At 520 m/u the interference from 

bile would have been significant. At this point it can 

be seen from the shape of the curves that bile is 

beginning to interfere significantly with the estimation 

of neutral red. An attempt was made to try and assess 

this effect experimentally and clinically.

An experiment was carried out using a 1 in 100,000 

solution of neutral red, gastric juice and bile obtained 

from a cholecystectomy specimen. Percentage

transmission was measured using the acetone method of 

the main study. The result is shown in Table 3 and it 

shows that increasing the amount of bile in the 

experiment did not significantly alter the percentage 

transmission.

Clinically, the early presence of bile, i.e. within 15 

minutes, did not seem to alter the optical density of 

the specimens significantly. Three examples are taken 

from the particular study. Figures 20 and 21 show that 

the early excretion of bile, i.e. within the first 15
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Fig. 19: Absorbance curves for Neutral Red and bile.
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TABLE 3

EFFECT OF PURE BILE ON THE ESTIMATION OF NEUTRAL RED

% transmission

Standard + Gastric Juice 6.0
Standard + Gastric Juice + 1 drop bile 5.5
Standard + Gastric Juice + 2 drops bile 5.5
Standard + Gastric Juice + 3 drops bile 5.5
Standard + Gastric Juice + 4 drops bile 6.0
Standard + Gastric Juice + 5 drops bile 6.5
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minutes or so, did not significantly affect the optical 

densities and thus the estimation of neutral red.

However, the appearance of bile in the second 15 minute 

period can alter the estimation of neutral red. Piersol 

(1925) in man, and Komarov et al (1949) showed the main 

pathway for the excretion of neutral red is through the 

liver. In patient W.Ch. (Figure 22 ) we are witnessing 

the reflux of bile containing neutral red (Figure 22). 

Therefore, it is best to estimate the neutral red as 

early as possible (first 15 minutes) before this 

phenomenon occurs.



— 88 —

Patient W.Ch.
0.3 - I

0.2 -

(/)c<D
Û

S
Q_
O

0.1 -

Bile

Time (5min intervals)

Fig. 22



- 89 -

EFFECT OF NEUTRAL RED ON ACID OUTPUT

A preliminary study was carried out to see whether the 

neutral red itself had a stimulatory effect on acid 

output. Because of the clinical and experimental 

evidence of its stimulatory effect (Jones, 1969, Kolm et 

al 194 5), it was of interest to see whether this was 

appreciable and, therefore, could be measured 

clinically. 17 patients were studied.

The result is depicted in Tables 4 and 5 . The 

quantitative (acid output) and qualitative (acidity) 

effect was measured after an injection of Scc's of an 

aqueous solution of neutral red. Table 4 shows the 

effect of injection of neutral red on the first and 

second 15 minute outputs of acid. In the first 15 

minutes there is a rise to 1.94 mmol from the basal of 

1.52 mmol which falls to 1.64 following the second 15 

minutes. Using the Wilcoxen and Friedman tests this 

increase is not statistically significant (p = 0.1). As 

far as the results of acidity are concerned (Table 5 ), 

no statistically significant increase was found.
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TABLE 4

No. Patient Basal Output 
(mmol) 15min

St 15min Output 
(mmol)

2nd 15min Output 
(mmol)

8 M.P. 0.59 0.48 0.24
15 M.G. 1.12 1.13 0.80
18 D.H. 0.54 0.61 0.57
19 S.G. 0.30 2.22 1.31
20 G.Sh. 4.80 3.42 3.52
21 D.A. 4.09 2.86 2.15
25 R.P. 2.80 3.25 3.02
26 R.Th. 2.97 2.73 2.81
28 M.W. 0.73 3.42 2.05
29 G.M. 0.78 0.98 0.92
30 B.C. 1.02 2.49 2.14
31 B.S. 1.80 1.51 0.54
34 J.L 1.28 1.63 2.29
36 Sh.P. 1.06 1.07 1.09
37 J.Th. 1.22 1.68 2.15
42 W.Ch. 0.41 2.35 0.75
45 A.R. 0.40 1.16 Bile

Mean 1.52 1.94 1.64

p = N.S.

Table 4: Effect of Neutral Red on acid output.
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TABLE 5

No. Patient Highest Basal 
Acidity (mmol)

Highest Acidity 
in 1st 15min

Highest Acidity 
in 2nd 15min

8 M.P. 12 10 8
15 M.G. 56 54 42
18 D.H. 40 58 44
19 S.G. 20 30 46
20 G.Sh. 100 60 88
21 DA. 66 66 60
25 R.P. 80 94 94
26 R.Th. 56 58 52
28 M.W. 82 90 1 00
29 G.M. 42 47 46
30 B.C. 25 66 76
31 B.S. 58 70 40
34 J.L. 64 50 96
36 Sh.P. 56 70 62
37 J.Th. 36 43 43
42 W.Ch. 18 36 34
45 A.R. 36 42 Bile

Mean 50mmol/L 56 58

p = N.S.

p = N.S.

Table 5: Effect of Neutral Red on acidity.
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THE DIVISION OF THE NEUTRAL RED TEST INTO 
•EARLY* AND *LATE* POSITIVE

An attempt was made to divide the post-operative 

excretion of Neutral Red into two groups that would 

reflect the 'early' and 'late' responders of the Insulin 

Test. It can be seen that in the 48 patients studied 

pre-operatively, only one patient (K.S.) had a first 15 

minute output of less than 20ug (see Appendix). 

Therefore, 20ug per 15 minute period was taken as the 

discriminatory point. All patients post-operatively 

with a first 15 minute output greater than 20ug were 

labelled as 'early' positive and all patients with a 

first 15 minute output less than 20ug were labelled as 

'late' positive. (Figures 24 to 27)

In retrospect, and using the receiver operating 

characteristic curve (R.O.C.) of the 86 patients 

followed up it can be seen from the details in Table 6 

and the graphic illustration in Figure 23 that 20ug is 

the best choice as a demarcation boundary giving a 

sensitivity of 0.69 and a specificity of 0.84 and a 

positive predictive value of 50% (see Appendix).

Table 7 summarises the dye outputs during the first and 

second 15 minute periods in pre-operative, 'early' 

positive and 'late' positive patients. There was no 

significant difference between the excretion time (E.T.)
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TABLE 6

Post-operative 
Neutral Red Test

Visick
l&l l

Visick 
III & IV Sensitivity Specificity

A > 1 pg 30 12 0.75 0.57

B > 20 pg 11 11 0.69 0.84

C > 40 pg 5 6 0.38 0.96

D > 60 pg 3 6 0.38 0.96

E > 80 pg 2 4 0.25 0.97

Table 6: Measurement of sensitivity and specificity at

different cut off points of Neutral Red excretion in pre

operative patients.
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USE OF RECEIVER OPERATING CHARACTERISTIC CURVE TO 
CHOOSE BOUNDARY

1.0-1

Q.

1.0

1 -specificity (False positive rate)

Fig. 23
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5 MIN OUTPUT OF NEUTRAL RED IN 24 'EARLY' POSITIVE PATIENTS

î g
70-1

6 0 -

5 0 -

4 0 -

3 0 -

20 -

1 0 -

19.6 19.2 18.6 15.0 15.5 15.7 W )

Fig. 24
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15 MIN OUTPUT OF NEUTRAL RED IN 24 'EARLY' POSITIVE PATIENTS

î g
701

60 -

5 0 -

4 0 -

3 0 -
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1 0 -

1st 15min
output
(58.2ng)

2nd 15min
output
(47.5pg)

Fig. 25
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5 MIN OUTPUT OF NEUTRAL RED IN 26 'LATE' POSITIVE PATIENTS 
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70 n
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4 0 -

3 0 -
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Fig. 26
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15 MIN OUTPUT OF NEUTRAL RED IN 26 'LATE' POSITIVE PATIENTS 

F9
70-1

60 -

5 0 -

4 0 -

3 0 -

20 -

1 0 -

1st 15min 2nd 15min
output
(10.4ng)

output
dO.Ipg)

Fig. 27
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TABLE 7

Type of patient E.T.
(min)

P 1st 15min
(pg)

2nd
15min

(pg)

P

Pre-operative 3.10

M C*

57.6 37.9

1 N.S.

1 p<0.01

'Early' positive 4.3

N.o.

1 p<0.01 .

58.2 47.5 -  p<0.01

'Late' positive 7.6 10.4 10.1

Table 7: A summary of the excretion of Neutral Red in

pre-operative 'early' positive and 'late' positive 

patients.
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in pre-operative (3.1 mins.) and 'early' positive (4.3 

mins.) patients but a significant difference between 

these two and the excretion time in 'late' positive (7.6 

mins.) patients (p = 0.01).

Again, there was no significant difference between the 

pre-operative and 'early' positive neutral red output 

during the two 15 minute periods but a significant 

difference between these outputs and the output in 

'late' positive patients (p = 0.01).

Table 8 shows the difference between the responses in 

females and males. The difference is extremely marked 

and yet not statistically significant (p >  0.10).
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PARELLELISM BETWEEN THE EXCRETION OF

NEUTRAL RED AND THE SECRETION OF ACID
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EXCRETION OF NEUTRAL RED AND THE SECRETION OF ACID

The basal acid output (B.A.O.) was measured in pre- 

operative, 'early' and 'late' positive and negative 

patients (Table 9, Figure 28). It can be seen that the 

ability of the stomach to excrete neutral red and to 

secrete hydrochloric acid are not necessarily allied. 

There is a certain parallelism but this is not always 

obvious. For example, the excretion of neutral red in 

the 'early' positive group is higher than the pre

operative group, yet the B.A.O. is significantly reduced 

in this group (p <0.01). (There was a statistically 

significant fall in acid output between all four groups 

of patients.) At the other end of the scale it can be 

seen that the excretion of neutral red can be absent 

when the stomach is secreting basal acid at the level of 

0.67 mmol/% h.

1 had previously shown this lack of parallelism 

experimentally in the rat (Jones, 1969, 1970(a),

1970(b)). In the group of rats subjected to total 

vagotomy and confirmed by the absence of neutral red 

excretion, significant amounts of hydrochloric acid.were 

secreted by the stomach ( fable 10 ), i)•052mmol per 7

hours compared to the control stomach of 0.479mmol.

A further lack of parallelism is seen when the excretion 

patterns of Neutral Red are examined more closely. In
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the pre-operative patients and 'early' positive 

responders all patients secreted acid. However, in the 

'late' positive responders there were two patients who 

excreted small amounts of dye but failed to secrete 

acid.
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TABLE 9

EXCRETION (Neutral red) B.A.O. (mmol / V̂ h) P

Pre-op 3.05
1 p<0.01

'Early' positive 1.62
1 p<0.01

'Late' positive 0.87
1 p<0.01

Negative 0.67

Table 9: Basal acid output in pre-operative and post

operative patients in relation to Neutral Red excretion.
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MEAN BASAL ACID (V̂ h OUTPUT) IN ALL 4 GROUPS OF PATIENTS 

3.0-,

o
E
E
4— *3
Q.
3O
"O
Ü<

2.0 -

5  1.0 -

Pre-op 'Early' 'Late' Negative 

Positive

Fig. 28; Histogram to show the relationship between the 

excretion of Neutral Red and the basal acid output.
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COMPARISON BETWEEN THE NEUTRAL RED TEST AND 
THE INSULIN TEST AT THE INITIAL TESTING
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COMPARISON BETWEEN THE NEUTRAL RED TEST AND 
THE INSULIN TEST AT THE INITIAL TESTING

Table 11 shows the results of both tests in the 100 

patients that were entered into the study. The Neutral 

Red Test gives a slightly higher, tli ough not a

statistically significant, number of positive tests, 50% 

compared with 42%. In both tests, the number of 'early' 

and 'late' positive results are approximately the same.

There was total agreement between the two tests in 69%

of patients (Table 12). When the 'early' and 'late' 

classification was ignored and the tests were recorded 

as positive and negative only, agreement was present in 

74% of patients. Table 13 shows the number of patients 

where differences occurred between the two tests. A 

'mild' disagreement is defined as one where one test 

showed a negative and the other a 'late' positive 

response and where one test reached a 'late' positive 

and the other an 'early' positive response. It must 

always be remembered that small positive responses or

negative responses in the acid secretory test may be 

masked by excessive neutralisation (Weinstein et al,

1950).

There were 21 patients in this group (Table 14) and the
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Insulin Test gave a more positive response in 66.6% of 

patients. A 'gross' disagreement is defined as one 

where one test showed an 'early' response and the other 

a negative response. There were 10 patients in the 

group (Table 14). All 10 patients gave a more positive

response in the Neutral Red Test. When these 10

patients were analysed in the follow up study, 43% of 

patients had an "unsuccessful outcome" which is much

higher than the 18.5% recorded for the whole series and 

2 patients had recurrent ulcers. Thus it seems that the 

Neutral Red Test has a better ability to predict the

clinical outcome than the Insulin Test.
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TABLE 11

RESULTS OF THE NEUTRAL RED AND INSULIN TEST IN 100 
PATIENTS

Neutral Red 
Test

No Patients Insulin
Test

No Patients

Negative 50 Negative 58

Positive 50 Positive 42

'Early' 
Positive

24 'Early' 
Positive

19

'Late'
Positive

26 'Late' 
Positive

23
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TABLE 12

COMPARISON BETWEEN THE NEUTRAL RED AND INSULIN TESTS 
IN 100 PATIENTS

Total Agreement
(Ignoring the 'Early' & 
'Late' classification)

Total Agreement
(Using the 'Early & 
'Late' classification)

Negative

Positive

= 41

= 33

TOTAL = 74

Negative

Positive 
'Early'
'Late'

TOTAL

= 41

= 28 
= 14 
= 14

= 69
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TABLE 13

COMPARISON BETWEEN THE NEUTRAL RED AND INSULIN TEST IN 
100 PATIENTS

Total Agreement = 69 Patients

'Mild' Disagreement = 21 Patients

'Gross' Disagreement = 10 Patients

TOTAL = 100 Patients
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THE FOLLOW-UP STUDY
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CLINICAL RESULTS

The follow-up study came to an end on 18th January, 

1989. Up to this point, of the 100 patients first 

studied 14 had been lost to follow up (14%) and of these 

11 were male and 3 were female (Table 15 ). Of the 

remaining 86 patients, 21 (24.4%) died during the

follow-up, 14 (66.7%) were male and 7 were female. The 

mean follow-up from operation to the time of death was 7 

years 9 months (range 3 years 1 month to 17 years 3 

months). The causes of death are listed in Table 16 . 

The main cause of death has been cancer with 9 patients 

dying from this. The main locations have been lung and 

breast with no evidence of stomach or colon playing a 

prominent part (Table 17 ).

The outcome in the 86 patients available initially for 

follow-up and assessed by the Visick Grading is shown in 

Table 20. Visick Grading I and II are grouped together 

and depict a "successful" outcome. Visick Grading III 

and IV are grouped together and depict an "unsuccessful" 

outcome. Recurrent ulcers are classified as Visick IV. 

As can be seen from TablesW19 there were 13 patients 

classified as Visick IV. 12 of these patients were 

proven gastroscopically to have recurrent ulcers and 

these are the ones described later. 1 patient (J.D.) 

had severe post-operative symptoms but at the time of 

gastroscopy no recurrent ulcer was found. However,
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later when the predictive worth of the Neutral Red and 

Insulin Test is assessed, I have included him in the 

Visick IV group.

As can be seen from Table 18 and 19 , the proportion of 

patients in the "successful" and "unsuccessful" groups 

are similar. Therefore, the inclusion of patients who 

have died during the study have not biased the findings 

in any way. The clinical outcome when sex of the 

patients is taken into account is shown in Table 20. No 

significant difference in clinical outcome was found.

Of the 65 survivors, 48 were male (74%) and 17 were 

female, the same ratio as found in the original 

patients. The mean follow-up time was 14 years 6 months 

(range 10 years 10 months to 18 years 1 month).

12 patients developed recurrent ulceration, an incidence 

of 14% (9 were male and 3 were female). There was one 

death in this group, an incidence of 8.3%. The details 

of these 12 patients are depicted in Table 21 and 

Figure 29 . The average time to recurrence was 6.1

years. 2 patients required gastric resection but the 

remaining 9 patients were successfully treated by 

medical means.

Other complications from the operation are listed in
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Table 22. Patients suffering from diarrhoea and dumping 

form the largest group.
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TABLE 15

Patients n Male Female

Entered study 100 73 27

Number of deaths 21 14 7

Lost to follow-up 14 11 3

Patients that were 
assessed by Visick 
grading

86 62 24

Table 15: The fate of the 100 patients who entered the

study.



- 117 -

TABLE 16

CAUSE OF DEATH IN 21 PATIENTS

1 Recurrent Ulceration 1 (f) (5%)

2 Cancer 9 (3f/6m)

3 Myocardial Infarction 4 (lf/3m)

4 Cerebro-Vascular Accidents 2 (If/lm)

5 Cholangitis 1 (f)

6 Motor Neurone Disease 1 (m)

7 Jejunal Haemorrhage 1 (m)

8 Unknown 2 (m)

n = 21
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TABLE 17

LOCATION OF CANCER IN 9 PATIENTS

No. Patients
Lung 3 (m)

Breast 3 (2f/lm)

Prostate 1 (m)

Stomach 1 (m)

Brain 1 (f)

9
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TABLE

VISICK GRADING IN THE 21 PATIENTS WHO DIED DURING THE 
STUDY

VISICK I = 15 PATIENTS )
) = 81% "SUCCESSFUL"

VISICK II = 2 PATIENTS )

VISICK 111= 0 PATIENTS )
) = 19% "UNSUCCESSFUL"

VISICK IV = 4 PATIENTS )

TABLE 19

VISICK GRADING IN THE 65 SURVIVORS

VISICK I = 46 PATIENTS )
) 81.5% "SUCCESSFUL"

VISICK II = 7 PATIENTS )

VISICK 111= 3 PATIENTS )
) 18.5% "UNSUCCESSFUL"

VISICK IV = 9 PATIENTS )
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TABLE 20

OUTCOME OF 86 PATIENTS AS ASSESSED BY THE VISICK 

GRADING IN MALES AND FEMALES

MALES

VISICK I )
) 51 PATIENTS = 82.3% "SUCCESSFUL"

VISICK II )
VISICK III )

) 11 PATIENTS = 17.7% "UNSUCCESSFUL"
VISICK IV )

FEMALES

VISICK I )
) 19 PATIENTS = 79.2% "SUCCESSFUL"

VISICK II )
VISICK III )

) 5 PATIENTS = 20.8% "UNSUCCESSFUL"
VISICK IV )
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TABLE 21

Patient Sex Neutral Red Test Hollander Test Operation to Outcome
recurrence (yrs)

F.H. F + late + late 4 Died from D.U.
P.B. M + early + early 7 Medical treatment
J.D. F + early -ve 12 Medical treatment
H.B. M + early + early 4 Medical treatment
I.Th. F -ve -ve 8 Medical treatment
A.Th. M + early + early 9 Medical treatment
R.B. M + early + early 7 Partial gastrectomy
W.F. M + early + early 8 Medical treatment
C.W. M + early -ve 5 Medical treatment
B.S. M -ve -ve 6 Medical treatment
M.H. M +ear1y + early 2 Partial gastrectomy
LD. M + late + late 1 Medical treatment

Mean = 6.1

Table 21: Listed are the patients with recurrent

ulceration. Time in years from operation to onset of

recurrence and subsequent treatment.
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ONSET OF RECURRENCE

Patient

F.H.

P.B.

J.D.

H.B.

I.Th.

A.Th. 

R.B. 

W.F. 

C.W.

B.S. 

M.H. 
LD .

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
J____I__ I__ I___ I__ I__I I I I I I I I

Years

]

Fig. 29: Graphic representation of time of onset of

recurrence.
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TABLE 22

%

1 Recurrent Ulcer 12 (14)
2 Diarrhoea: Severe 4 (4.7)

Mild 8 (9.3)
3 Dumping: Severe 2 (2.3)

Mild 3 (3.5)
4 Recurrent symptoms 6 (7)
5 Gastro-oesophageal reflux 3 (3.5)
6 Bilious vomiting 1 (1.1)
7 Biliary disease:

Gall stones 1 (3.5)
Cholecystectomy 2

Table 22: List of complications.



THE PREDICTIVE VALUE OF:

(1) Pre-operative Neutral Red Test

(2) Post-operative Neutral Red Test

(3) Post-operative Insulin Test

(4) Post-operative Basal Acid Output



- 124 -

The predictive value of the Neutral Red Test and Insulin 

Test was assessed by measuring the percentage incidence 

of poor results, namely "unsuccessful outcome" (Visick 

III and IV) and recurrent ulcer (Visick IV). Where 

appropriate, chi-square methods were used to analyse 

differences in the incidence of "unsuccessful outcome" 

and recurrent ulcer but in cases where expected 

frequences were less than five, Fischer exact test was 

used.

On the Neutral Red Test significant differences in the 

incidence of "unsuccessful outcome" were found between 

'early* and 'late' positive (p 0.01) and 'early' and 

negative (p = 0.0006). These results can be seen in 

Table 23. Also, in the same table, the results of the 

Insulin Test show a significant difference in the 

incidence of "unsuccessful outcome" between 'early' and 

negative (p = 0.021) but no significant difference was 

found between 'early' and 'late' positive (p = 0.11). 

Also, no significant difference in the incidence of 

"unsuccessful outcome" was found between the Neutral Red 

Test and Insulin Test in 'early' positive results (p 

0.10) .

As far as recurrent ulcer is concerned (Table 24) in the 

Neutral Red Test significant differences in the
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incidence of recurrent ulcer were found between 'early' 

and 'late' positive (p = 0.007) and between 'early' and 

negative (p = 0.0002). However, in the Insulin Test

there is again a significant difference between 'early' 

positive and negative (p = 0.018) but no significant

difference in the incidence of recurrent ulcer was found 

between the Neutral Red Test and Insulin Test in 'early' 

positive results (p = 0.10).

Table 25 shows the number of recurrent ulcers in the 

'early', 'late' and negative responses for both tests. 

There was no statistical significant difference between 

the two tests as far as the 'early' positive response 

was concerned (p ^  0.05). Therefore, even though the 

Insulin Test shows a marked difference between the fate 

of the 'early' and 'late' positive, it is more clearly 

statistically significant in the Neutral Red Test. 

However, the results from Tables 39, 40, 41,42 show that 

the 'late' positive and negative responses are similar 

as far as the predicting clinical outcome is concerned.

The predictive value of these tests was further tested 

by using 4 expressions as defined by Vecchio, 1966, when 

a significant difference in proportion of recurrences 

was found between the two sides of a critical level.
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Sensitivity: percentage of patients with recurrence

having a positive criterion.

Specificity: percentage of patients without recurrence

having a negative criterion.

Negative Predictive Value (PV neg): percentage of

patients with a negative criterion having recurrence.

Positive Predictive Value (PV pos): percentage of

patients with a positive criterion having recurrence.

Tables 28, 29, 30 and 31 calculate these parameters for 

the two tests equating them with "unsuccessful outcome" 

and recurrent ulceration. Also, the pre- operative 

levels of neutral red excretion are assessed (Tables 26 

and 27). It is seen that above average excretion of 

neutral red is associated with a statistically 

significant number of recurrences (p = 0.05).

The parameters of Vecchio have been used to calculate 

the criteria promoted by previous workers in the field 

and these are listed in Table 32. It can be seen that 

the predictive value for all these tests are low. The 

highest predictive value for "unsuccessful outcome" was 

achieved with the post-operative Neutral Red Test (50%)
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and the Gillespie Criteria (42.9%). There was no 

significant difference between PV pos for Neutral Red 

Test and Insulin Test (p = 0.49).

The higher predictive value for recurrent ulceration was 

again achieved with the Neutral Red Test (40%) and with 

the Gillespie Criteria (40%). There was no significant 

difference between the PV pos for Neutral Red Test and 

Insulin Test (p = 0.67).

Finally, an R.O.C. curve was constructed for post

operative neutral red excretion and B.A.O. (basal acid 

output). It can be seen from the shape of the curve 

(see Appendix) hat the Neutral Red Test is superior 

(Table 33 and Figure 30).
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TABLE 25 ^

RESULT OF NEUTRAL RED TEST AND INSULIN TEST IN 
PATIENTS WITH RECURRENT ULCER (N = 12)

Neutral Red 
Test

Insulin
Test

P

'Early' Positive 8 (66.6%) 6 (50.0%)
P>
0.05

'Late' Positive 1 2

Negative 3 4

12 12
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TABLE 26

ASSOCIATION BETWEEN PRE-OPERATIVE OUTPUT OF NEUTRAL 
RED AND VISICK GRADING fill AND IV "UNSUCCESSFUL 
OUTCOME")

VISICK I, 
II

VISICK III, 
IV

EXCRETION
ABOVE
AVERAGE

9 5 * 14

EXCRETION
BELOW
AVERAGE

23 1 * 24

32 6 38

* P = 0.025

SENSITIVITY
SPECIFICITY

83.3%
71.9%

POSITIVE PREDICTIVE VALUE PVpos
NEGATIVE PREDICTIVE VALUE PVneg

35.7%
95.8%
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TABLE 27

ASSOCIATION BETWEEN PRE-OPERATIVE OUTPUT OF NEUTRAL 
RED AND VISICK GRADING (IV) (RECURRENT ULCERATION)

VISICK I, 
II, III

VISICK IV

EXCRETION
ABOVE
AVERAGE

10 4 * 14

EXCRETION
BELOW
AVERAGE

23 1 * 24

33 5 38

* P = 0.05

SENSITIVITY
SPECIFICITY

80.0%
69.7%

POSITIVE PREDICTIVE VALUE PVpos
NEGATIVE PREDICTIVE VALUE PVneg

28.6%
69.7%
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TABLE 2 8

ASSOCIATION BETWEEN THE POST-OPERATIVE NEUTRAL RED 
TEST AND VISICK GRADINGS III AND IV ("UNSUCCESSFUL 
OUTCOME")

VISICK I, 
II

VISICK III, 
IV

'EARLY' 
POSITIVE

10 10 20

'LATE'
POSITIVE
AND
NEGATIVE

60 6 66

70 16 86

SENSITIVITY
SPECIFICITY

62.5%
85.7%

POSITIVE PREDICTIVE VALUE PVpos
NEGATIVE PREDICTIVE VALUE PVneg

50.0%
90.9%
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TABLE 2 9

ASSOCIATION BETWEEN THE POST-OPERATIVE INSULIN TEST 
AND THE VISICK GRADING III AND IV ("UNSUCCESSFUL 
OUTCOME" )

VISICK I, 
II

VISICK III, 
IV

'EARLY'
POSITIVE

11 7 18

'LATE'
POSITIVE
AND
NEGATIVE

59 9 68

70 16 86

SENSITIVITY
SPECIFICITY

43.8%
84.2%

POSITIVE PREDICTIVE VALUE PVpos
NEGATIVE PREDICTIVE VALUE PVneg

38.8%
86.8%
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TABLE 30

ASSOCIATION BETWEEN THE POST-OPERATIVE NEUTRAL RED 
TEST AND THE VISICK GRADING IV (RECURRENT ULCERATION)

VISICK I, 
II, III

VISICK IV

'EARLY' 
POSITIVE

12 8 20

’LATE'
POSITIVE
AND
NEGATIVE

62 4 66

74 12 86

SENSITIVITY
SPECIFICITY

66.7%
83.8%

POSITIVE PREDICTIVE VALUE PVpos
NEGATIVE PREDICTIVE VALUE PVneg

40.0%
93.9%
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TABLE 31

ASSOCIATION BETWEEN THE POST-OPERATIVE INSULIN TESTS 
AND THE VISICK GRADING IV (RECURRENT ULCERATION)

VISICK I, 
II, III

VISICK IV

’EARLY' 
POSITIVE

12 6 18

’LATE'
POSITIVE
AND
NEGATIVE

62 6 68

74 12 86

SENSITIVITY
SPECIFICITY

50.0%
83.8%

POSITIVE PREDICTIVE VALUE PVpos
NEGATIVE PREDICTIVE VALUE PVneg

33.3%
91.2%
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TABLE 32

"UNSUCCESSFUL OUTCOME" RECURRENT ULCER

Ss Sp Pv
NEG

Pv
POS

Ss Sp Pv
NEG

Pv
POS

PRE-OP
NEUTRAL

83.3 71.9 95.8 35.7 80.0 69.7 69.7 28.6

POST-OP
NRT

62.5 85.7 90.9 50.0 66.7 83.8 93.9 60.0

POST-OP 
I T

63.8 86.2 86.8 38.8 50.0 83.8 91.2 33.3

BACHRACH
1962

53.3 72.7 87.2 30.8 58.3 72.5 90.9 26.9

BACHRACH
1962

66.2 73.1 90.7 33.3 58.3 71.0 90.7 25.9

BACHRACH
1967

80.0 68.5 91.6 26.1 83.3 67.8 96.3 21.7

BANK 53.3 77.3 87.9 36.8 58.3 76.8 91.3 30.6

STENPIEN 76.0 57.6 90.6 28.2 69.2 55.9 90.6 23.0

BITSH 86.7 28.8 90.6 21.7 86.6 27.9 90.5 18.3

GILLESPIE 60.0 87.9 86.6 62.9 56.5 87.1 92.6 60.0

Ss SENSITIVITY

Sp SPECIFICITY

Pv POS POSITIVE PREDICTIVE VALUE

Pv NEC NEGATIVE PREDICTIVE VALUE

Table 32: Predictive Indices have been measured for all
the tests carried out in the study and compared with 
other criteria from the world literature.
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TABLE 33

Basal Visick
l& l l

Visick 
Hi & IV

Sensitivity Specificity

0.1 A 61 15 0.94 0.10

0.5 B 38 12 0.75 0.46

1.0C 28 10 0.63 0.67

1.5 D 18 7 0.44 0.74

2.0 E 9 5 0.31 0.87

2.5 F 7 3 0.19 0.90

Table 33: Sensitivity and specificity at various cut
off points in the basal acid output.
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Fig. 30: Receiver operating curve for Neutral Red and
basal acid output.



THE LONGTERM FATE OF THE 'LATE' POSITIVE
RESPONDER
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THE LONGTERM FATE OF THE 'LATE' POSITIVE RESULT 
AS FOUND IN THE NEUTRAL RED TEST 

AND IN THE INSULIN TEST

THE NEUTRAL RED TEST

Tables 34 ' shove the relationship between the results
of the Neutral Red Test and Visick gradings III and IV 
("unsuccessful" outcome) when the 'late' positive 
patients are included with the 'early' positive patients 
and with the negative patients. By grouping the 'late* 
positive patients with the negative patients, the 
positive predictive value for an "unsuccessful" outcome 
increases from 28.6% to 50.0%.

Table 36 shove the relationship between the results
of the Neutral Red Test and Visick grading IV (recurrent
ulceration) when the 'late' positive patients are 
included with the 'early' positive patients and with the 
negative patients. Bringing the 'late' positive
patients in with the negative again increases the 
positive predictive value for recurrent ulceration from 
21.4% to 40.0%.

THE INSULIN TEST

Table . 35 shows the relationship between the results
of the Insulin Test and Visick grading III and IV
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("unsuccessful" outcome) when the 'late' positive 
patients are included with the 'early' positive patients 
and with the negative patients. By grouping the 'late' 
positive patients with the negative patients, the 
positive predictive value for an "unsuccessful" outcome 
increases from 27.0% to 38.8%.

Table 37 shows the relationship between the results of 
the Insulin Test and Visick grading IV (recurrent 
ulceration) when the 'late' positive patients are 
grouped with the 'early' positive patients and with the 
negative patients. By grouping the 'late' positive 
patients with the negative patients, the positive 
predictive value for recurrent ulceration increases from 
21.6% to 33.3%.

Thus, the 'late' positive result obtained in both the 
Neutral Red Test and in the Insulin Test increases the 
positive predictive value for a poor result when it is 
grouped with the negative results. Thus , the 'late' 
positive patient behaves as a negative patient in the 
longterm and carries the good prognosis of the latter.

The results are summarised in Table 38. Further, in 
Tables 39, 40, 41 and 42 the positive predictive values 
of the 'early', 'late' and negative responses are 
calculated separately. It can be seen that the positive 
predictive value for the 'late' positive and negative
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response is similar in both tests when "unsuccessful 
outcome" and recurrent ulcer are considered.

Therefore, the results of this study show that over the 
long term period of follow up, the 'late' positive 
response behaves as a negative response.
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TABLE 34

ASSOCIATION BETWEEN NEUTRAL RED TEST AND VISICK 
GRADINGS III AND IV WHEN THE 'EARLY' AND 'LATE' 
POSITIVE RESULTS ARE GROUPED TOGETHER

VISICK I, 
II

VISICK III, 
IV

'EARLY' AND 
'LATE' 
POSITIVE

30 12 42

NEGATIVE 40 4 44

70 16 86

SENSITIVITY
SPECIFICITY

75.0%

57.1%

POSITIVE PREDICTIVE VALUE PVpos
NEGATIVE PREDICTIVE VALUE PVneg

28.6%
90.9%
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TABLE 3 5

ASSOCIATION BETWEEN THE INSULIN TEST AND THE VISICK 
GRADINGS III AND IV WHEN 'EARLY' AND 'LATE' POSITIVE 
RESULTS ARE GROUPED TOGETHER

VISICK I, 
II

VISICK III, 
IV

'EARLY' AND 
'LATE' 
POSITIVE

27 10 37

NEGATIVE 43 6 49

70 16 86

SENSITIVITY
SPECIFICITY

62.5%
61.4%

POSITIVE PREDICTIVE VALUE PVpos
NEGATIVE PREDICTIVE VALUE PVneg

27.0%
87.8%
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TABLE 36

ASSOCIATION BETWEEN THE RESULTS OF THE NEUTRAL RED 
TEST AND VISICK GRADING IV WHEN 'EARLY' AND 'LATE' 
POSITIVE RESULTS ARE GROUPED TOGETHER

VISICK I, 
II, III

VISICK IV

'EARLY' AND 
'LATE' 
POSITIVE

33 9 42

NEGATIVE 41 3 44

74 12 86

SENSITIVITY
SPECIFICITY

75.0%
55.4%

POSITIVE PREDICTIVE VALUE PVpos
NEGATIVE PREDICTIVE VALUE PVneg

21.4%
93.2%
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TABLE 37

ASSOCIATION BETWEEN THE RESULTS OF THE INSULIN TEST 
AND THE VISICK GRADING IV. WHEN 'EARLY' AND 'LATE' 
POSITIVE RESULTS ARE GROUPED TOGETHER

VISICK I, 
II, III

VISICK IV

'EARLY' & 
'LATE' 
POSITIVE

29 8 37

NEGATIVE 45 4 49

74 12 86

SENSITIVITY
SPECIFICITY

66.7%
60.8%

POSITIVE PREDICTIVE VALUE PVpos
NEGATIVE PREDICTIVE VALUE PVneg

21.6%
91.8%
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TABLE 39

POSITIVE PREDICTIVE VALUE (IN BRACKETS) FOR THE 

NEUTRAL RED TEST RESULTS WHEN "UNSUCCESSFUL" OUTCOME 

CONSIDERED

VISICK I, 
II

VISICK III, 
IV

•EARLY'
POSITIVE

10 10 (50.0%) 20

• LATE• 
POSITIVE

20 2 (9.1%) 22

NEGATIVE 40 4 (9.1%) 44

70 16 86
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TABLE 4 0

POSITIVE PREDICTIVE VALUE fIN BRACKETS) FOR THE 

INSULIN TEST RESULTS WHEN "UNSUCCESSFUL" OUTCOME 

CONSIDERED

VISICK I, 
II

VISICK III, 
IV

’EARLY' 
POSITIVE

11 7 (38.9%) 18

'LATE' 
POSITIVE

16 3 (15.8%) 19

NEGATIVE 43 6 (12.2%) 49

70 16 86
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TABLE 41

POSITIVE PREDICTIVE VALUE (IN BRACKETS) FOR THE 

NEUTRAL RED TEST RESULTS WHEN RECURRENT ULCER IS 

CONSIDERED

VISICK I, 
II, III

VISICK IV

'EARLY'
POSITIVE

12 8 (40.0%) 20

'LATE' 
POSITIVE

21 1 (4.5%) 22

NEGATIVE 41 3 (6.8%) 44

74 12 86
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TABLE 42

POSITIVE PREDICTIVE VALUE (IN BRACKETS) FOR THE 

INSULIN TEST RESULTS WHEN RECURRENT ULCER IS 

CONSIDERED

VISICK I, 
II, III

VISICK IV

'EARLY'
POSITIVE

12 6 (33.3%) 18

'LATE' 
POSITIVE

17 2 (10.5%) 19

NEGATIVE 45 4 (8.2%) 49

74 12 86
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The Incidence of Duodenal Ulcer and 
Truncal Vagotomy

The incidence of duodenal ulcer disease escalated from 

the late nineteenth century to the 1950's, reaching an 

annual incidence of 3 per 1,000 inhabitants in the 

United States and Great Britain (Vogt 5 Johnson, 1980). 

Since that time, there has been a decline in the 

incidence of duodenal ulcer disease in the United 

States, Great Britain and Scandinavia which seems to 

have begun well before the introduction of the 

receptor antagonists in 1977 (Mendeloff, 1974, 

Gustavsson et al, 1988, Gustavsson, 1988, Wyllie et al, 

1981). Walker (1988) reported on a decline of 75% in 

the number of patients undergoing elective duodenal 

ulcer operations in North Carolina from 1971 to 1985. 

However, emergency operations were becoming more 

frequent with bleeding being the commonest indication. 

Studies from Finland show a similar trend, a marked 

decline in the incidence of elective surgery, while the 

incidence of the main complications of ulcer disease, 

namely, perforation and haemorrhage, have remained 

unchanged, their occurrence having been unaffected by 

the introduction of receptor antagonists (Paimela et 

al, 1991).
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Therefore, with the decline in the incidence of the

disease and the introduction of receptor antagonists, 

there has been a trend away from elective operations to 

emergency surgery. In this situation the simpler 

operation of truncal vagotomy and pyloroplasty has

regained its importance. Although Johnston et al (1973 ) 

reported on a series of bleeding duodenal ulcer 

successfully treated by highly selective vagotomy, there 

have been few reports of its use since. Truncal

vagotomy and pyloroplasty with under-running of the

bleeding vessel remains the operation of choice in the 

emergency situation (Venables, 1981). In a recent 

series from Birmingham, 60% of patients were treated by

this method (Snyman 8 Keighley, 1989). In a study from

Finland recently there had been a marked fall in the 

number of highly selective vagotomies performed and a 

concurrent rise in the number of truncal vagotomies and 

pyloroplasty since 1979 (Paimela et al, 1991).

With the decline in the incidence of elective surgery 

for duodenal ulcer the opportunity to train surgeons in 

the more meticulous and technically more demanding 

operation of highly selective vagotomy is fast

declining. Nyhus (1984) wrote prophetically, "there is 

an interesting undercurrent of thought along with this 

universal acceptance of PGV, namely that the procedure 

is so technically challenging that only a special cadre 

of trained vagotomists should perform this operation.
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This might be an acceptable approach in the controlled 

surgical clinics of the world but will not be accepted 

in the United States, at least during the next several 

decades".

Therefore, during the last few years there has been a 

re-birth and renewed interest in the technically simpler 

and, therefore, more universally acceptable operation of 

truncal vagotomy and pyloroplasty. The findings of the 

present study are consequently of great relevance in the 

present day surgical management of duodenal ulcer.
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The Neutral Red Test

The excretion curves for the 30 minute test period 

whether assessed quantitatively or qualitatively showed 

a large individual variation in the 48 patients studied 

prior to vagotomy. Studies on gastric acid secretion in 

patients with duodenal ulcer have shown a similar wide 

variation with about a third to half of the patients in 

the hypersecretory range. Further, as far as acid 

secretion is concerned there appears to be a threshold 

of maximal acid output below which patients with 

duodenal ulcer are not found. This threshold is about 

15mmol/h for peak acid output (Lawrie 8 Forrest, 1965). 

With neutral red excretion, only one patient in the pre

operative group had an output below 20ug/15 mins (see 

Appendix ). An enlarged study to include a large number 

of control subjects could well show that this is the 

equivalent threshold for neutral red excretion. Both 

secretion of acid and excretion of neutral red are 

dependent on the number of parietal cells. It is known 

that the number of parietal cells in patients with 

duodenal ulcer is double normal (Cox, 1952) and it is 

possible to plot peak acid output and parietal cell mass 

to express a close relationship (Baron, 1972).

However, for the individual patient the excretion of dye
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varied only slightly in the same subject on different

occasions. Therefore, 1 was able to convince myself of

the reproducibility of the test prior to embarking on 

this study. This had also been demonstrated many years 

previously by Gillman (Gillman, 1943, 1944). He had

thought that the test could be used to diagnose 

pathological conditions of the stomach. In a large 

number of subjects he found the normal range of 

excretion and then divided the others into five 

patterns. He found the Neutral Red Test to be more 

reliable than acid secretion as an indicator of gastric 

dysfunction. However, Sevitt and Jepson (1948) found 

the normal excretion patterns to be insensitive to 

gastric disorders. For example, 3 of 10 patients with 

carcinoma of the stomach excreted normal amounts of 

neutral red and similarly 5 of 11 patients with chronic 

gastritis. However, they and earlier investigators, 

Davidson et al (1925 ) and Piersol et al (1925 ) were of

the opinion that impaired excretion of neutral red 

indicated disease of the gastric mucosa.

The Neutral Red Test as carried out in this study was

completely safe and no early or late complications were 

noted. It is particularly suited to patients with 

medical conditions such as heart disease and those with 

diabetes mellitus. The complex multi-organ elimination 

of the dye makes it imperative that the gastric sampling 

is done as soon as possible. Therefore, there is no
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reason to extend the test beyond 15 minutes which makes 

it attractive as an out-patient investigation and 

several patients can be tested during one session. The 

gastric samples can be sent at leisure to the 

Biochemical Department for routine analysis. The 

contamination of the samples with bile deterred many of 

the early investigators (Fairley S Ive, 1925). A 

quantitative method was developed by Komarov et al 

(1949) for the determination of neutral red in bile but 

as the present study shows for the purpose of the 

Neutral Red Test bile does not interfere significantly 

with the estimation of neutral red.

Results from this study confirm the experimental work of 

Kolm, Komarov Q Shay, 1945, that neutral red (or 

impurities in the dye) has a stimulatory effect on 

gastric secretion. They showed that this was of a

triple nature, (1) central vagal, (2) peripheral vagal, 

and (3) direct cellular effect. The degree of 

stimulation in the present study did not reach 

statistical significance but it was sufficient to avoid 

the use of histamine, pentagas tr in, insulin and 2DG. 

However, the use of 2DG combined with neutral red was 

reported from Ann Arbour by Weber et al (1975) who found 

it to be of value as a post-operative test for

completeness of vagotomy. At that moment in time, I was

four years into the study and did not want to change the

protocol. Further, Thomas and Duthie (1968) had
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reported some of the side effects of 2DG, namely, 

hypothermia, semi-coma and liver damage. Others had 

reported similar effects (Stalder, 1972, Duke et al, 

1965). Therefore, the 2DG Neutral Red Test offered the 

same disadvantage as the Insulin Test and was not 

considered.

The parallelism with acid secretion has always intrigued 

investigators in this field. Piersol et al (1925) 

summarised their findings by stating that there was a 

rough relationship between the amount of dye excreted 

and the degree of acidity. In their studies they found 

that in stomachs producing low levels of acid, delayed 

excretion and diminished quantities of dye were found. 

Gillman (1943, 1944) thought that acid secretion and dye 

excretion did not necessarily parallel one another in 

either healthy or abnormal stomachs and he concluded 

that the dye excretion and the acid secretion were two 

independent functions. The results from the present 

study (Figure 28 ) agree with those of Sevitt 6 Jepson 

(1948) that a statistical relationship does exist 

between these two parameters but that the correlation 

has exceptions. For example, they found patients with 

normal acid production who did not excrete the dye. 

Evidence from the present study (Figure 28 ) and from

experimental work in the rat (Figure 4 and Table ), 

(Jones, 1969, 1970) show that the stomach can secrete

acid in the absence of neutral red excretion. Neutral
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red, therefore, is not merely an indicator of acid 

production. Its excretion is at times independent and 

probably more influenced by parasympathetic activity 

than acid secretion. As Sevitt and Jepson (1948) 

concluded, "the parasympathetic vagus nerves are 

probably the excitory nerves controlling the dye 

excretion and the sympathetic plays no part in the 

act ivi ty".
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Comparison Between the Neutral Red Test and 
th Insulin Test

During the past few years the Insulin Test has suffered 

from severe criticism, despite the fact that in the best 

tradition of scientific investigation the patients act 

as their own control and the results are interpretated 

in terms of a rise in the secretion of acid during the 

insulin stimulated period compared with the basal 

period. Some investigators have questioned the validity 

of relating results to basal secretion which can often 

be variable (Baron, 1963). Grossman (1974) criticised 

the way the test was referred to as positive or negative 

and not in numerical terms. Despite the classical work 

of Sun and Shay (1960) who showed that the secretory 

response to insulin in the first 2 hours is vagally 

mediated, others have felt that much of the response to 

insulin could be as a result of extra vagal stinulation 

(Read et al, 1972).

Gillespie (1972) wrote, "much of the interest 

surrounding the Insulin Test lies in the discrepancy 

between the large number of positive tests after 

vagotomy and the relatively small number of patients who 

present with problems with further ulceration". The
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present study is no exception with 42% of patients 

having a positive response to insulin. The discrepancy 

is even more marked for the Neutral Red Test when 50% 

showed a positive response with a recurrence rate of 

14%. Grossman (1974) criticised the notion that 

stimulation of acid secretion by insulin is mediated 

solely by the vagus and goes on to say that, "until we 

have an independent test for completeness of vagotomy 

there is no way to determine whether the response to 

insulin after vagotomy is due to residual vagal 

innervation". He goes on to say that the discrepancy 

becomes less when only large responses, i.e. 'early' 

responders, are considered to be caused by failure to 

cut major branches, while the small responses, i.e. 

'late' responders, may be due to non-vagal mediation. 

He classified the possible causes of persistence of 

responders to insulin after vagotomy as follows:

1. Incomplete Vagotomy
(a) Uncut and uninjured fibres

(b) Uncut, uninjured fibres that may later 

recur

(c) Cut fibres that regenerate:

( 1) end to end

(11) collateral nerve regeneration or 

sprouting

2. Non-Vagal mechanisms
(a) Neural, non-vagal mechanisms
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(b) Non-neural, non-vagal mechanisms such as 

the release of adrenaline by 

hypoglycaemia which may release gastrin 

and thus stimulate secretion.

Hollander (1948) himself stated that a positive response 

to insulin does not imply that the surgeon has failed to 

interrupt the gastric vagi completely. Read et al

(1972) showed that blocking beta-adrenergic activity 

with propanolol converted 50% of Insulin Tests from 

positive to negative. They postulated that the large 

number of positive Insulin Tests may be due in 

considerable measure to sympathetic over-activity, 

brought on by the hypoglycaemia rather than inadequate 

surgery (group 2 (b) above). When this sympathetic

activity is blocked by propanolol (a) gastrin release is 

blocked, and (b) there is a decrease in mucosal blood 

flow, thus decreasing the acid secretion. Further, 

beta-agonists stimulate acid secretion and gastrin 

release (Brandsborg et al, 1975, Stadil and Rehfeld, 

1973) .

However, the results from the present study cast doubt 

on the above hypothesis. It has been shown that Neutral 

Red has :

(a) no hypoglycaemic effect
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(b) a central stimulatory effect on the 

parasympathetic system

(c) excretion that is so prompt and rapid that it 

is unlikely to be induced by a gradual 

process such as the release of hormones. It 

is of great interest that acid output and 

gastrin release in response to modified sham 

feeding is not influenced by beta- 

adrenoreceptor blockade (Gaffner and Jarhult, 

1984)

The present study also casts doubt on the reasons given 

in 1 (c). Watkin et al (1971) showed that delaying the 

test for two months after operation produced the final 

response pattern. It is unlikely that a significant 

amount of nerve regeneration occurred in this period 

either by conventional nerve regeneration or sprouting.

Another explanation for the high incidence of positive 

results following a complete abdominal vagotomy is that 

the parasympathetic system has not been completely 

abolished. Jefferson et al (1965) reported that the 

vagus does not provide the only cholinergic innervation 

to the stomach but that cholinergic fibres are found in 

the splanchnic nerves and in the anterior and posterior 

roots of the thoracic and lumbar spinal cord. Jordan 

and Condon (1970 ) were of a similar opinion. They



- 164 -

studied the Insulin Test in patients who had vagotomy 

and drainage and also in patients treated by vagotomy 

and antrectomy. The incidence of positivity was four 

times higher in the patients treated by vagotomy and 

drainage. They thought that the degree of incomplete 

vagotomy in the two groups would be similar as the 

patients were selected randomly and 50 surgeons were 

involved in the study. The difference in the response to 

the Insulin Test could best be explained by the 

existence of extra-vagal parasympathetic secretory 

fibres to the stomach that are abolished by the 

operation of antrectomy. The existence of such an 

extra-vagal innervation was supported by the high 

failure they achieved in changing the positive response 

in the Insulin Test by re-vagotomy. However,

experimentally in the rat 1 was not able to show that 

the excretion of neutral red was affected by extra-vagal 

parasympathetic innervation (Figures 1 to 4). The 

excretion of neutral red was only affected by the degree 

of vagal innervation. Therefore, it is unlikely in man 

that the existence of an extra-vagal parasympathetic 

innervation contributes to the high positive rate in the 

Insulin Test. It must also be remembered that in the 

present series, as in many others, 58% of Insulin Tests 

are negative and it would be difficult to explain the 

presence of extra-vagal parasympathetic influences in 

these cases.
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Therefore, the full explanation for the high positive 

rate for both tests remains to be elucidated. However, 

the close agreement between the Neutral Red Test and the 

Insulin Test and the Insulin Test and the Modified Sham 

Feeding Test (Athow et al, 1986) suggests that the

results from these tests are perfectly valid but that

the anatomical and physiological considerations are more 

complex than originally thought.

The present study shows that the number of women who 

have 'early' positive results are markedly less (though 

not statistically significant) in both tests. It 

confirms the work of Spencer et al, 1969, who showed a 

statistically significant higher incidence of incomplete 

vagotomies in males than in females, even after 

correcting for weight. Welbourn 6 Burns (1964) reported 

a difference in response to insulin between the sexes. 

Yet, despite this difference, the number of Visick I 6 

II in both sexes is virtually the same (Table 20)* The

difference probably reflects the lower acid output in

females which has been postulated to be due to the 

higher incidence of gastritis, Siurala et al (1968).

Recently, Kronberg (1981) has written that the Insulin 

Test should be replaced by the Sham Feeding Test. It is 

argued that sham feeding is a safer and purer vagal 

stimulant of acid secretion than insulin (Stenquist et al 

1978) and that it does not activate the sympatho-adrenal
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system (Brandsborg et al, 1975, Read et al, 1972). The 

acid response is lower than the response to insulin and 

is unaffected by Beta blockade (Graffner 6 Jarhult, 

1983). It is claimed for the modified Sham Feeding Test 

that volume measurements alone are all that is required 

(Athow et al, 1984). Agreement with the Insulin Test as 

to the adequacy of vagotomy occurred in 84% of patients 

(Athow et al, 1984). However, recently Gilly et al 1989 

, have criticised the test on the grounds that it is a 

cumbersome and time consuming method giving no more 

information than the post-operative basal or 

pentagastrin stimulated acid outputs. This "chew and 

spit" test could be abhorent and unpleasant to many 

patients and this factor alone could produce central 

vagal inhibition. Constant attention is also needed to 

prevent the patient from swallowing food particles. 

Therefore, despite the fact that this test may have some 

merit it is unlikely to gain widespread acceptance.

Criticism has also been levelled at the classification 

of Rose and Kay (1964) into 'early' and 'late' according 

to the timing of the response. These authors based 

their interpretation on the clinical course and on the 

results of the Augmented Histamine Test. Cowley et al

(1973) found that 'early' and 'late' responders were 

about equal in each group, suggesting that the 

distribution has no validity and is completely random. 

Burns et al (1969) studied 100 patients with unoperated
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duodenal ulcers and found that 37% had a 'late' positive 

response. They concluded that the division into 'early' 

and 'late' positive was artificial. The present study 

shows that the 'early' and 'late' responders in the 

Insulin Test are roughly equal, 19 'early' and 23 'late' 

responders and this is mirrored by a similar pattern in 

the Neutral Red Test, namely 24 'early' and 26 'late' 

responders. Therefore, an independent test of

completeness of vagotomy confirms this pattern of 

response which many others have confirmed clinically

(Bell et al, 1965). Furthermore, the present study 

shows that there is a marked difference in clinical 

outcome between the 'early' and 'late' responders in

both tests. In the Neutral Red Test the difference 

between the two responders reached statistical

significance when "unsuccessful outcome" and recurrent 

ulceration were considered (p <. 0.01 and p = 0.007

respectively). In the Insulin Test the difference

between the two responders was again very marked but did 

not quite reach statistical significance as far as 

"unsuccessful outcome" and recurrent ulceration were 

concerned (p = 0.01 and p = 0.10 respectively).

Furthermore, when the fate of the 'late' positive 

responder is considered in the long-term study, it will 

be seen that it behaves as a negative responder.
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GASTROSCOPIC AND INTRA-OPERATIVE NEUTRAL RED STUDIES

Both tests proved to be most disappointing. Pre- 

operatively, the dye appears as pin-point areas of red 

as shown many years ago by Lerner and Asher (1942). 

Pre-operatively the pattern of dye excretion is limited 

to the fundus and upper body of the stomach and no dye 

is seen in the antrum and pylorus. Post-operatively, I 

could not justify the use of gastroscopy because of:

(a) the post-operative Neutral Red Test seemed 

simple and successful, and

(b) I was afraid of losing patient compliance by 

over-investigat ion

Intra-operatively, the dye is excreted very badly and it 

is very difficult through a gastroduodenotomy performed 

as part of a pyloroplasty to decide on the area of 

excretion. This can be improved by performing a large 

gastrotomy but it is accompanied by added problems such 

as infection. However, the results of intra-operative 

testing could well be improved by using the technique 

described by Weber et al (1975 ) who combined neutral red 

with 2DG and produced a much more powerful excretion of 

the dye.
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THE FOLLOW-UP STUDY

Meissner et al, 1988, in a recent review of truncal 

vagotomy and drainage, calculated 4,500 cases from 20 

studies from the world literature. The Visick I 6 II 

grades showed a range of 62-96.4% with a mean of 81% 

which is exactly reported from this series. The 

recurrent ulcer rate ranged from 1.5% to 25.4% with a 

median rate of 9.0% at 6 years. From the same review, I 

calculated the recurrence rate in studies that had been 

prolonged over ten years and found a median recurrence 

rate of 15.7% which is very similar to the 14% found in 

the present study. Therefore, the recurrence rate 

increases with time of follow-up despite the fact that 

it is often taught that recurrences occur sooner rather 

than later. The average time to recurrence in this 

study was 6.1 years which is very similar to the study 

reported from the Mayo Clinic where they found the 

average time to recurrence to be 4.8 years (Pemberton 

and Heerden, 1980).

The relatively low recurrence rate after truncal 

vagotomy and drainage could be due to a reason other 

than inadequate vagotomy and could account for the 

higher recurrence rate after highly selective vagotomy. 

In 1984, Marshall 8 Warren successfully identified and 

cultured Campylobacter Pylori (C.P.). These S shaped 

spiral bacteria which are gram negative are found
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predominantly in the gastric antrum and on islands of 

ectopic gastric epithelium in the duodenal cap. These 

organisms are found in 90% of patients with gastritis 

and duodenal ulcer. Even though the association is 

strong, the mode of action in the development of an 

ulcer is unknown. O'Connor et al, 1986, have studied 

the effect of duodenal ulcer surgery on Campylobacter 

Pyloris. Among the patients who had undergone highly 

selective vagotomy the proportion who were CP positive 

was similar to that in the unoperated group but among 

those who had undergone Billroth I and II partial 

gastrectomy or truncal vagotomy and drainage, it was 

significantly lower. Therefore, this could well be one 

of the factors contributing to the lower recurrence 

rates after truncal vagotomy.

The reasons for the unsatisfactory results after truncal 

vagotomy and drainage (Visick III and IV) are found in 

the higher incidence of side effects rather than 

recurrent ulceration (Stoddard et al, 1984). Stoddard 

et al (1984) from a study from Sheffield showed a 

statistically significant higher incidence of dumping 

and diarrhoea in truncal vagotomy and drainage compared 

to highly selective vagotomy. The incidence of 

diarrhoea in their series of truncal vagotomies is 

virtually the same as reported here (17.6% compared to 

14% respectively). However, in the present series there 

were 4 cases of very severe diarrhoea (Table 22 ) and
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compares badly with the very infrequent diarrhoea 

reported after highly selective vagotomy (Stoddard et 

al, 1984, Amdrup, 1988). The incidence of dumping was 

less in the present series when again compared to the 

Sheffield study (5.8% and 11.8%).

The present study also confirms the rather benign course 

of the recurrent disease, a lower mortality of 8.3% and 

a re-operation rate of only 16.7%. In other words the 

benign cause of the recurrent disease behaves like the 

original disease. Furthermore, there is circumstantial 

evidence that many asymptomatic ulcers remain 

asymptomatic and disappear without ever producing 

clinical symptoms and it would appear that these 

asymptomatic ulcers are more frequent in operated than 

in non-operated patients (Hess et al, 1980). This again 

explains the benign and self-limiting course of 

recurrent ulceration and its successful modern treatment 

with the Hg receptor antagonists (Table 21 ). These 

findings from this study are similar to those reported 

by Clark et al, 1986. 22 patients with recurrent ulcers

were treated with Cimetidine, 4 patients responded to a 

single therapeutic course while 10 patients needed long

term therapy to remain symptom free.
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LONG TERM SEQUELAE

In 1958, Krause showed that patients tended to die 

prematurely in the years after surgical treatment with 

partial gastrectomy. The main causes of death were 

tuberculosis, carcinoma of the stomach remnant, suicide 

and alcoholism. It was, therefore, of interest to see 

whether truncal vagotomy and drainage predisposed to 

cancer of the stomach. There had been some experimental 

evidence to support this concept (Fujita et al, 1979, 

Morgenstern, 1968). However, this has not been borne 

out by the present study. The main reasons for the 

mortality after truncal vagotomy and drainage are lung 

cancer, myocardial infarction and cerebro-vascular 

accidents, diseases associated with cigarette smoking. 

This pattern is also seen in the Baltham post-gastectomy 

study where 323 patients died from lung cancer after 20 

years and only 37 from gastric cancer (Caygill et al, 

1987 ). In the Baltham series, 20 years had to lapse 

before a four to five fold increase in cancer of the 

stomach was observed.

Similarly, in the Edinburgh series (Ross et al, 1982) a 

follow-up period of 18.9 years showed no increased risk 

of gastric cancer after partial gastrectomy but they did 

document a relationship between gastric surgery and
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colorectal carcinoma. Watt et al (1984) also showed 

that after vagotomy and drainage death from stomach and 

colorectal cancers were significantly more common than 

in the general population. However, they came to the 

conclusion that deaths from cancer were not as important 

as death from diseases related to smoking. In a recent 

study, Mullan et al (1990) suggested that abnormalities 

in bile acid metabolism may explain the increased risk 

of colorectal neoplasia after truncal vagotomy. 

However, in the present study I could find no evidence 

of an increased incidence of colorectal cancer. Most of 

the deaths were related to smoking (Table 16).
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PREDICTIVE VALUE

The discrepancy between the high proportion of positive 

results in the Insulin Test and the much lower rates for 

recurrent ulcer has always worried investigators in this 

field. From Hollander's own department at Mount Sinai 

Hospital, New York came one of the first studies to 

attempt to correlate the Insulin Test with the clinical 

outcome (Weinstein et al 1950). Positive post-operative 

tests were obtained in 29% of cases and clinical results 

showed no correlation, thus coming to the conclusion that 

the Insulin Test cannot be used to prognosticate clinical 

outcome after vagotomy.

Many years later, Kronberg (1971, 1973, 1974) studied the 

subject extensively and again showed the low predictive 

value of basal, spontaneous, insulin and histamine 

activated secretion. He came to the conclusion that 

post-operative measurements have such a low predictive 

value for estimating risk of recurrent ulcer that they 

should not be used for that purpose. He was the first to 

use the four expressions as defined by Vecchio (1966) 

namely, sensitivity, specificity, predictive valug of a 

positive criterion and predictive value of a negative 

criterion.

The low predictive value of the Neutral Red Test and 

Insulin Test is confirmed by the present study. As few
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as 60% of patients with recurrent ulcer have a positive 

response (Jordan 8 Cowdon, 1970, Kenned et al 1973, Ross 

8 Kay, 1964, Watkin 8 Duthie, 1971, Johnston et al, 1967, 

Eisenberg et al 1969). Yet the ability of the two tests 

to prognosticate a poor result is enhanced by dividing 

the positive responses into 'early' and 'late'. The 

difference is very marked in the Insulin Test and highly 

statistically significant in the Neutral Red Test when 

both "unsuccessful outcome" and recurrent ulcer are 

considered. Further, there is a statistically

significant difference between the 'early' positive and 

negative in both tests.

The present study also shows the poor predictive value of 

basal acid output (BAO). It has always been an 

attractive option to avoid the use of any stimulatory 

agent such as histamine, pentagastrin and insulin and 

depend on a test that relies solely on the basal acid 

output. Good results were achieved by Holst-Christienson 

(1977) when using 5.2mmol/h as the discriminating point; 

below this level 10% recurrence rate was noted but above 

this a 54% was reported. However, the results from the 

present study confirm the work of others that BAO is a 

poor predictor (Cowely et al 1973). Primrose 8 Johnston 

(1986) came to the same conclusion and showed good 

sensitivity but poor specificity for the test. If BAO 

had any value as a discriminatory test then the criteria 

used by Bachrach (1962 and 1967) would have shown high
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positive predictive values. Table 32 shows low positive 

predictive value and low specificity. It would be 

surprising if it was otherwise. It seems unreasonable to 

assume that basal hypersecretion after vagotomy must be 

due solely to incomplete vagotomy when it might be due to 

other factors such as hyperglycaemia from antral 

dominance.

Irving and Smith (1985) came to the conclusion that a 

test which does not have a 60% or greater predictive 

value is not worth performing. They were able to achieve 

this with a fall of less than 60% in maximal acid output 

(MAO) combined with a fall in maximal acidity of less 

than 40% between the pre-operative and post-operative 

tests. The positive value of all the tests carried out 

in this series did not reach that level (Table 32).However, 

it must always be remembered that the predictive value of 

a positive test (PV pos) increases with increasing 

disease prevalence (Vecchio, 1966) and for an operation 

that is over 80% successful and carries a low 

"unsuccessful outcome" and recurrence rate. The results 

presented in this thesis must be meaningful. Writing 

about the Insulin Test, Primrose 8 Johnston (1986) wrote 

that, "it would be premature to abandon it". The results 

from this study supports this and introduces a new method 

which is simpler, safer and quicker, namely the Neutral 

Red Test. Furthermore, it would be unusual if one could 

achieve a higher predictive value when only one parameter
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is considered. Duodenal ulcers have many different

causes and the approach in the past has been too

symplistic. The patients continue to smoke despite 

medical advice. An increase in Pepsin 2 has recently

been found in some duodenal ulcer patients. 

Prostaglandin deficiency is another factor and the recent 

work on Campylobactor Pylori has opened up a new avenue 

for investigation. It would be surprising, therefore, if 

Schwartz's famous dictum, "no acid, no ulcer" would apply 

to all patients with duodenal ulcer. It is perhaps worth 

ending this section by quoting from Hollander: "In

brief, the basic premise underlying this procedure is 

that the primary aetiological factor in ulcer disease is 

a psycho-secretory process, operating along the vagi from 

the higher centres. If this premise is valid, complete 

interruption of the vagus pathways should abolish these 

neutral influences on the gastric secretory mechanisms 

and result invariably in ulcer cure. The failure of this 

to occur casts much doubt upon the validity of this 

hypothesis as the sole cause of ulcer in all cases". 

(Weinstein et al, 1950).
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THE FATE OF THE 'LATE' POSITIVE RESPONSE

Serial Insulin Tests show a steady rise in positivity as 

the interval after operation increases. This has been

reported following truncal vagotomy (Watkin and Duthie, 

1971, Gillespie et al 1970 and Smith et al 1972) and also 

after highly selective vagotomy (Lyndon et al 1975, 

Johnston et al, 1973 and Jordan, 1979). This recovery of 

gastric function has been attributed to recovery from 

neurapraxia (Dragstedt et al 1950) and to nerve 

regeneration either from conventional nerve regeneration 

or from collateral nerve regeneration.

Jefferson et al 1967 showed experimentally in the dog

that conventional nerve regeneration had occurred after 

one year and up to 21 months in 7 out of 8 dogs and

regenerating fibres connecting both ends of the nerves 

were found. Motor responses were detected when the vagus

nerve above the section was stimulated. The findings

from the present study cast doubt on this phenomenon

occurring to a significant degree. This is probably due 

to the fact that in all the patients the vagotomist had 

been trained to take large sections of nerves followed by 

ligation of both ends. The most likely cause for an

'early' positive result is failure to remove a vagal

trunk, especially the posterior vagal trunk (Fawcett et 

al 1969, Taylor et al 1977). Taylor et al 1977 also 

showed that when nerve strands only were found at
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revagotomy, there was less likely to be an 'early'

positive response. Therefore, when vagal strands are 

left during the performance of truncal vagotomy, 

reinnervation of the gastric mucosa by collateral nerve 

regeneration or sprouting is theoretically possible.

During the performance of a highly selective vagotomy, 

vagal strands can be left not only at the hiatus but also 

along the lesser curve. These vagal fibres along the 

lesser curve have been studied experimentally in the rat 

(Joffe et al, 1982) and in the dog (Cuesta Valentin et al 

1987) and both studies showed some evidence of collateral 

nerve regeneration. The capability of the ingrowth 

across the antral-corpus junction must also not be

forgotten in highly selective vagotomy (Taylor and 

Pearson 1976 ) .

Clark 1964, came to the conclusion in an experimental

study in cats that 50% of the gastric vagal nerve-fibres 

must be divided if recurrent ulcer is to be minimised. 

My experimental work in the rat (Jones and Griffith 1970

(a) (b) ) confirmed this and F i g u r e  31  shows that after 1

year there was no change in the area of gastric mucosa 

innervated when a small fundic vagal branch was left 

intact and the acid output from such a stomach remained 

unchanged (Table 43). However, there was evidence of an 

increase in area of gastric mucosa innervated when an

intact posterior trunk was left for one year (Table 44)
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but no statistically significant increase in acid output 

occurred. Collateral nerve regeneration thus depended on 

the size of the remaining vagal fibre.(Figures 32 and 

33)

Prior to the present work only two clinical studies had 

been carried out to assess the fate of the few vagal 

strands left at operation, Bell, 1964 and Bell et al, 

1965 . In the first study, (Bell, 1964) a group of 43 

male patients were studied by the Augmented Histamine 

Test initially and at an interval of 3 years. The 

Insulin Test was also carried out initially and the 

response graded according to the classification of Ross 8 

Kay (1964) into 'early' and 'late' positive and negative. 

The 'early' positive showed a 44% reduction in maximal 

acid response, a 'late' positive a 56% reduction and a 

negative response a 65% reduction. This study showed for 

the first time that:

(a) reduction in acid output achieved by complete 

vagotomy is maintained for at least 3 years after 

operation, and

(b) the 'late' positive response behaves as a negative 

response, the initial reduction being maintained for 

3 years.

Bell came to the conclusion that any significant vagal 

re-innervation would have occurred during the period of 

study.
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In the second study (Bell et al 1965) a series of 42 

patients were studied to assess long term change after 

incomplete vagotomy. Over a period of 63 months, no 

significant change in acid output occurred in the 'early' 

or 'late' responders.

Therefore, the findings from the present study confirm 

the experimental results in the rat and the clinical 

results of Bell. Collateral nerve regeneration or 

sprouting cannot be a significant factor in the return of 

gastric secretory function after incomplete vagotomy when 

only a few small vagal fibres are left (incomplete but 

"adequate" vagotomy).
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CONCLUSION

(1) The study confirms that the Neutral Red Test is a 

simple and safe technique that can be used in all 

patients of whatever age or physical condition to assess 

the completeness of vagotomy. Gastric secretory

stimulants such as insulin, 2-DG, histamine and 

pentagastrin can be avoided because the dye has a 

secretagogue action of its own acting through the vagal 

system.

(2) The test is a simple one which can be carried out 

in the Surgical Out-patient Department and the neutral 

red estimation requires no special equipment and can be 

carried out in any hospital biochemical department. The 

first 15 min. sample need only be used for measurement 

and the presence of bile in this early specimen can be 

ignored. However, later specimens can be affected by 

the entero-hepatic circulation of the neutral red. No 

adverse reaction occurred in many hundred tests and 

there was no disturbance of electrolyte or glucose 

metabolism.

(3) The Neutral Red Test confirms the validity on 

clinical grounds of the positive Insulin Test being 

divided into 'early' and 'late' according to the size of
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the residual vagal fibres. The very high percentage of 

agreement between the two tests casts much doubt on the 

criticism levelled at the Insulin Test, in particular on 

the theory that positive results in the Insulin Test are 

due to stimulation of the adrenal sympathetic system.

(4) The predictive value of the Neutral Red and Insulin 

Test are similar. The highest positive predictive 

values are achieved by the post-operative Neutral Red 

Test and the Insulin Test using Gillespie's criteria. 

The basal acid output in this study had poor 

predictability. However, the predictive value of all 

tests are low, suggesting that other important factors 

are at play in producing a poor clinical outcome. 

However, there was a very marked difference in the 

clinical outcome when the responses are divided into 

'early', 'late' and negative. Therefore, this study 

makes a strong plea for maintaining or re-introducing 

tests to assess the completeness of vagotomy, to 

prognosticate on clinical outcome and to assess the 

vagotomist.

(5) The long term results of truncal vagotomy are good 

with a relatively low recurrence rate and a low 

percentage of patients with diarrhoea and cumping. 

Illness is assessed in the patients during the study and
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those which produced death were mainly associated with 

cigarette smoking, i.e. carcinoma of the lung and

cardiovascular disease. This operation did not seem to 

be associated with an increase in carcinoma of the

stomach and carcinoma of the colon.

Onset of recurrent ulcer occurred for many years after 

the operation (mean 6.1 years) which means that a long 

follow up period is required to get the full natural 

history of this complication.

(6) The study confirms the work of Bell that the 'late' 

positive response behaves as a negative response over a 

long period of time; in order words, in the human 

stomach a few residual vagal fibres are incapable of a 

significant degree of reinnervation due to collateral

nerve regeneration or sprouting. This was the

conclusion I made in my experimental work in the rat.



APPENDIX



EXCRETION OF NEUTRAL RED AT 5 MINUTE INTERVALS IN 41
PRE-OPERATIVE PATIENTS (OUTPUT IN MICRO GRAMMES)

NAME AGE SEX E.T. 5 10 15 20 25 30

1 G M 76 H 5 9 .8 9.1 7 .5 7 .2 4 .2 5.0

2 B H 37 M 4 10.5 13.3 12.5 10.7 3 .5 5 .8

3 G J 57 M 3 17.5 16.0 7 .7 1 .8 2.1 0 .8

4 K U 47 M 3 37.1 47.2 63 .6 BILE

5 K S 35 H 2 7 .2 2.4 7 .2 3 .2 20 .8 2.5

6 M P 42 H 4 21.0 21.0 8 .4 3 .2 3 .6 2 .6

7 H B 33 H 5 11.7 8 .3 9 .6 8 .9 BILE

8 H B 36 H 2 39.0 29.4 28.0 25.2 2 1 .6 5.5

9 H B 38 H 3 12.3 29.2 1 .0 4 .6 4 .7 10.2

10 P G 33 H 3 11.0 4 .0 11.6 4 .8 13.5 9 .5

11 A J 66 H 4 5 .8 7 .0 8 .9 9 .7 7 .8 11.3

12 H G 36 H 5 12.2 13.0 9 .0 8 .5 12 .5 5 .7

13 J L 49 H 3 28.6 13.0 15.0 10.0 9 .5 9.0

14 H G 51 F 3 37.6 12.8 16.7 8 .3 9 .8 5 .6

15 D H 43 F 5 7 .2 10.1 6 .6 30 .6

16 S G 40 F 5 23.5 18.7 6 .5 6 .4 2 .4 2 .4

17 D A 54 F 4 19.6 48.5 45 .9 16.8 4 0 .3 9 .9

18 H M 29 F 2 22.5 43.4 37 .6 35 .9 37 .5 28.5

19 D C 56 H 3 48 .8 49.0 27.0 34.1 BILE

20 C W 37 M 2 36.9 40.0 37.1 21.5 14.0 19.3

21 R P 31 H 2 37.2 15.4 30.4 14.5 12.1 12.0

22 CH G 53 H 2 17.5 6 .8 8 .5 1 .3 6 .6 3 .5

23 H U 42 H 3 52.2 4 .7 8 .3 2 .0 4 .5 5.0

24 G N 40 H 2 11.2 9.5 15.7 6 .6 5 .3 8 .0

25 B C 37 H 3 30.0 39.6 5 .3 14.7 11.2 8 .4

26 B S 30 H 3 15.0 4 .0 6 .8 1 .3 1.1 1.3

27 R B 38 F 4 42.3 37.6 26 .7 27.0 25 .2 19.8

28 F D 53 H 2 39.6 36.3 33.8 33.0 23 .3 33.6

29 J L 50 M 3 28.5 33.0 BILE

30 J  C 59 H 3 7 .5 8 .9 6 .9 3 .6 4 .9 4 .7

31 SH P 40 F 3 22.5 13.2 11.0 3 .2 2 .8 7 .7

32 H CH 63 H 2 9 .2 7 .5 3 .6 BILE

33 A H 55 M 3 27.8 25.3 30.4 29.4 17.5 12.0

34 H H 41 H 3 34.1 36.0 29.4 33 .2 BILE

35 R D 33 H 2 20.9 18.4 23.0 24 .7 22.1 18.5

36 U CH 54 H 5 42.0 5 .6 11.2 13.2 13.0 50.2

37 G G 33 H 2 23.0 12.5 8 .4 8 .4 13.5 17.2

38 J A 59 H 4 6 .6 7 .7 34.2 24 .0 32 .4 37.1

39 A R 55 H 3 9 .8 13.6 16.5 BILE

40 N U 24 H 3 26.5 13.3 17.6 21 .6 30 .5 30.0

41 V L 69 H 2 9 .0 10.0 6 .8 4 .5 4 .3 4 .0



EXCRETION OF NEUTRAL RED AT 5 MINUTE INTERVALS IN 24
'EARLY' POSITIVE PATIENTS (OUTPUT IN MICRO GRAMMES)

NAME AGE SEX E.T. 5 10 15 20 25 30

1 J D 63 M 4 96 .6 91.4

2 G M 76 M 4 7.1 41.1 20.4 18 .8 13.5 4 .7

3 P 8 45 M 3 22.4 20.6 2 0 .9 15.3 18.1 10.8

4 J D 46 F 5 12.7 10.8 7 .2 BILE

5 H 0 46 M 5 10.8 9 .8 6 .9 7.1 4 .7 3 .6

6 H B 36 M 2 30.6 21.0 2 2 .8 16 .8 8 .3 22.5

7 A Th 37 M 3 16.6 16.5 BILE

8 H D 62 M 4 5.5 9 .5 7 .5 BILE

9 R B 40 M 4 8 .9 8 .5 5 .7 4 .4 2 .8 6 .3

10 G Sh 38 M 5 6 .3 10.1 10 .8 6 .7 4 .9 4 .6

11 H T 53 M 5 10.5 12.6 9 .0 7 .2 8 .8 BILE

12 U F 38 M 2 24.8 35.8 27 .5 27 .5 23 .9 26.3

13 C U 37 M 6 1 .7 9 .8 12 .8 12.5 BILE

14 R P 31 M 3 16.6 13.7 2 0 .8 15 .9 20.4 22.8

15 H U 42 M 2 116. 22.0 8 .5 6 .2 4 .8 3 .3

16 A F 65 M 3 20.9 30.4 34.1 20 .6 17 .6 30.5

17 M H 41 M 3 54.0 58.9 71 .3 49 .5 62 .7 60 .9

18 U C 43 M 5 24.3 29.3 4 1 .9 24 .7 26 .3 23.0

19 J A 59 M 5 2 .5 8.1 11 .8 12.3 9.1 6 .0

20 D E 55 F 10 9 .3 9 .5 7 .0 14.3 25 .2

21 A S 63 M 3 16.5 18.5 14 .9 13.5 16.6 13.2

22 J B 41 M 5 9 .0 13.2 13.3 6 .3 9 .4 10.0

23 G C 76 F 5 3 .3 10.5 13.3 5 .3 13.6 7 .2

24 R D 33 M 6 21.2 21.6 20 .4 14.0 14.0 11.9



EXCRETION OF NEUTRAL RED AT 5 MINUTE INTERVALS IN 26
'LATE' POSITIVE PATIENTS (OUTPUT IN MICRO GRAMMES)

NAME AGE SEX E.T. 5 10 15 20 25 30

1 G J 57 M 10 2 .5 0 0 0 0 0

2 L K 54 F 5 4 .4 4 .4 9.4 8 .8 10.6 3 .7

3 F H 82 F 7 5.5 5 .4 9 .0 6 .2 5 .9 7 .9

4 M P 42 F 4 6 .0 6 .0 6 .5 6 .3 2. 6

5 M B 33 H 6 3 .3 2 .5 2 .5 6 .5 2 .3 2.1

6 J U 66 H 8 14.5 0 0 0

7 K H 42 H 7 4 .0 BILE BILE BILE BILE BILE

8 H B 38 M 8 1 1 1.6 2 .2 1 .3 1 .4

9 I U 54 F 10 1.2 1.3 3 .5 0 0 0

10 G M 40 H 8 3 .0 3 .5 2 .3 2 .5 0 .7 0 .6

11 B C 37 M 5 3.3 2 .8 3 .6 3 .2 3 .3 2 .0

12 G B 64 H 8 1 .6 1.4 0.8 0.5 BILE

13 R B 38 F 5 4 .2 3 .6 3 .9 3 .0 4.1 BILE

14 F D 53 M 5 7 .5 3 .8 6 .5 3 .6 1 .5 2 .5

15 J Sh 37 H 15 1.4 2 .9 2 .6 3 .3 1 .5 0 .8

16 M B 63 F 6 0.5 1 .2 2.3 1 .6 2 .0 1 .0

17 J Th 47 H 6 1.2 1 .9 1.2 0 0.1 0.1

18 C S 69 F 8 3 .7 3 .9 1.0 0 0 0

19 U Ch 54 M 9 14.3 2 .6 0 9.1 2 .6 0

20 G G 33 M 6 3.2 4 .4 6 .9 4 .2 9 .0 27 .0

21 N U 24 M 15 2 .7 4 .4 6 .0 2 .8 2 .4 1 .6

22 E R 70 H 12 13.8 2 .4 10 .5 8. 2

23 F 0 56 H 9 0.4 1 .0 2 .8 BILE BILE BILE

24 H B 75 H 5 3 .6 5 .6 5 .8 6 .8 6 .3 8 .4

25 C G 53 M 4 1.2 3 .8 3 .6 3 .9 4 .4 3 .3

26 Sh P 40 F 7 2.3 2.1 8.1 2 .3 1 .9 1 .4



TABLE : THE OUTPUT OF NEUTRAL RED EXCRETION DURING
THE 1ST AND 2ND 15 MIN PERIODS IN 48 PRE-OPERATIVE
PATIENTS
GRAMMES)

39 MALE AND 9 FEMALE (OUTPUT IN MICRO

NAME AGE SEX ET MINS FIRST 15 
MIN

SECOND 
15 MIN

1 J D 63 H 2 42.4 64.5

2 G M 76 H 5 26.4 16.4

3 B H 37 H 4 36.3 20.0

4 G J 57 M 3 41.5 4 .7

5 K U 47 M 3 147.9 BILE

6 K S 35 H 2 16.8 26.5

7 L K 54 F 5 59.9 BILE

8 M P 42 F 4 50.4 9.4

9 M B 33 M 5 29.6 BILE

10 H B 36 M 2 96.4 52.3

11 M G 51 M 2 29.4 20.9

12 H B 38 H 3 42.3 19.4

13 ? G 33 H 3 26.6 27.8

14 A J 66 H 4 21.6 28.7

15 H G 36 H 5 34.5 26.1

16 J L 49 H 4 56.6 28.5

17 M G 51 F 3 67.1 23.6

18 D H 43 F 5 23.9 30.6

19 S G 40 F 5 48.7 11.2

20 G SH 38 M 2 39.9 18.0

21 D A 54 F 4 113.9 70.0

22 H M 29 F 2 103.4 101.9

23 D C 56 M 3 124.8 BILE

24 C U 37 M 2 114.0 54.8

25 R P 31 M 2 83.0 38.6

26 R TH 60 M 3 30.6 21.7

27 CH G 53 H 3 32.7 11.4

28 M U 42 M 3 65.2 11.5

29 G M 40 M 2 36.4 19.9

30 B C 37 M 2 74.9 34.2

31 B S 30 M 3 25.7 3 .7

32 R B 38 F 4 106.6 72.0

33 F 0 53 M 2 109.7 89.9

34 J L 50 M 3 61.5 BILE

35 J C 59 M 3 23.3 13.1

36 SH P 40 F 4 46 .7 13.7

37 J TH 47 M 3 39.0 30.0

38 H RH 63 H 2 20.4 BILE

39 A H 55 M 3 83.5 58.9

40 M H 41 H 3 99.5 BILE

41 R D 33 H 2 62.3 65.3

42 U CH 54 H 5 58.8 63.4

43 G G 33 H 2 43.9 39.1

44 J A 59 H 4 48.5 93.4

45 A R 55 H 2 39.9 BILE

46 N U 24 H 3 57.3 82.1

47 F F 50 H 2 94.9 87.0

48 V L 69 M 2 25.8 12.8



EXCRETION OF NEUTRAL RED IN 24 'EARLY' POSITIVE
PATIENTS (OUTPUT IN MICRO GRAMMES)

NAME AGE SEX ET FIRST 15 
MINUTES

SECOND 
15 MIN

1 J D 63 M 4 96.6 91.4

2 6 H 76 M 4 68.7 36.9

3 P B 45 M 3 63.0 44.2

4 J D 46 F 5 30.7 BILE

5 H 0 46 M 5 27.5 15.3

6 H B 36 M 2 74.4 47 .6

7 A TH 37 M 3 33.1 BILE

8 H D 62 M 4 22.5 BILE

9 R B 40 M 4 23.1 13.5

10 6 SH 38 M 5 27.2 16.1

11 H T 53 M 5 32.1 16.0

12 U F 38 M 2 88.0 77.6

13 C U 37 M 6 24.2 BILE

14 R P 31 M 3 51.1 59.1

15 M U 42 M 2 146.1 14.3

16 A F 65 M 3 85.4 68.7

17 M H 41 M 3 184.2 173.1

18 U C 43 M 5 95.5 73 .9

19 J A 59 M 5 22.4 27.3

20 D E 55 F 10 25.8 39.5

21 A S 63 M 3 49 .9 43 .3

22 J B 41 M 5 35.5 25.6

23 6 C 76 F 5 27.1 26.1

24 R D 33 M 6 63.2 39.9



EXCRETION OF NEUTRAL RED IN 26
PATIENTS (OUTPUT MICRO GRAMMES)

LATE POSITIVE

NAME AGE SEX E.T. FIRST 15 
MIN

SECOND 
15 MIN

1 6 J 57 H 10 2 .5 0

2 L K 54 F 5 18.2 23.1

3 F H 82 F 7 19.9 20.0

4 H P 42 F 4 18.4 8 .9

5 H B 33 M 6 8 .3 10.9

6 J W 66 H 8 14.5 0

. 7 K H 42 H 7 4 .0 BILE

8 H B 38 N 8 2 .7 4 .9

9 I W 54 F 10 6 .0 0

10 6 M 40 H 8 8 .8 3 .8

11 B C 37 M 5 9 .6 8 .5

12 G B 64 H 8 3 .8 BILE

13 R B 38 F 5 11.7 7.1

14 F D 53 M 5 17.8 7 .6

15 J Sh 37 H 15 6 .9 5 .6

16 M B 63 F 6 4 .0 4 .6

17 J Th 47 N 6 4 .3 1 .7

18 C S 69 F 8 8 .9 BILE

19 W Ch 54 N 9 16.9 11.7

20 G G 33 H 6 14.4 40.2

21 N W 24 H 15 13.1 6 .8

22 E R 70 H 12 16.2 18.7

23 F 0 56 H 9 4 .2 BILE

24 H B 75 H 5 15.0 21.5

25 C G 53 H 4 8 .6 11.6

26 Sh P 40 F 7 12.4 5 .6
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APPENDIX

Receiver Operator Characteristic Curve

The concept of receiver operator characteristic 

(R.O.C.) curves has been described in the clinical 

evaluation of obstetric testing (Richardson et al, 1985) 

as well as in the evaluation of other laboratory tests 

(Robertson and Zwelg, 1981, Schwartz, 1987).

The term is cumbersome and derives from radar 

technology. Where a true signal has to be distinguished 

from background noise, then an operator who identifies a 

high proportion of these signals also experiences a high 

rate of false positive signals with a given instrument 

(receiver). Another operator using the same receiver 

may identify fewer true and fewer false positive 

signals. For any given operator and receiver, a 

relationship can be drawn between the proportion of true 

signals identified (the sensitivity) and the number of 

false positives (specificity). This relationship can be 

represented graphically - the receiver operator 

characteristic curve. This plots a test's true-positive 

(i.e. sensitivity) versus its false-positive (i.e. 

specificity). Therefore, by plotting R.O.C. curves of 

each several alternate tests one can determine which 

test is best at discriminating patients with disease 

from those without disease. When two or more laboratory



03cr

DO
crCD

tr
033
n3̂
033nCD

3OQ
tD3

)-'•OQ33CD
CJ

3"CD
POOn
n33<0

3
3

300

30

oÎ»

CO

r[H
O •<

i fO  02. 2.

b '<
m

0

cnO

30

0
300



BIBLIOGRAPHY

ADAMI. H.O., ENANDER, L.K., ENSKOG, L., INGVAR, C. and

RYDBERG, B (1984). Recurrence 1 to 10 years after highly 

selective vagotomy in pre-pyloric and duodenal ulcer 

disease. Ann. Surg. 199: 393-9.

AGOSTINI, E., CHINNOCK, J.E., DALY. M . . DeBURGH and 

MURRAY, J.G. (1957). Functional and histological studies 

of the vagus nerve and its branches to the heart, lungs 

and abdominal viscera in the cat. J. Physiol. 135: 182- 

205.

AMDRUP, E. (1969) Surgical treatment of peptic ulcer in

Department 1, Municipal Hospital, Copenhagen, present 

principles and recent results. Acta. Clin. Scand. Suppl. 

396: 71.

AMDRUP, E. and JENSEN, H.E. (1970). Selective vagotomy

of the parietal cell mass preserving innervation of the 

undrained antrum. A preliminary report of results in 

patients with duodenal ulcer. Gastroenterology. 59: 522.

AMDRUP, E. and JENSON, H.E. (1973). One hundred patients

5 years after selective gastric vagotomy and drainage for

duodenal ulcer. Surgery. 73: 321-5.

ANDERSON, D. , AMDRUP, E., HOSTRUP, H. and SORENSON, F.H. 

(1982). The Aarhus County Vagotomy Trial: trends in the



problem of recurrent ulcer after proximal vagotomy and 

selective gastric vagotomy with drainage.. World. J. 

Surg. 6: 86-92

ATHOW, A.C., SEWERNIAK, A.T., BARTON, T.P., LEWIN, M.R. 

and CLARK, C.G. (1984) Modified sham feeding: a

measuring jug ward test for the completeness of vagotomy. 

Gut. 25: 1152-3.

ATHOW, A.C., LEWIN, M.R., SEWERNIAK, A.T., and CLARK, 

C.G. (1986). Gastric secretory responses to modified 

sham feeding (MSF) and insulin after vagotomy. B.J. 

Surg. 73: 132-5.

BACHRACH, W.H. (1962). Laboratory criteria for

completeness of vagotomy. Am. J. Dig. Dis. 7: 1071-85

BACHRACH, W.H. and BACHRACH, L.B. (1967). Re-evaluation 

of the Hollander test. Ann. N.Y. Acad. Sci 140: 915-23.

BANK, S., MARKS, I.N. and LOUW, J.H. (1967). Histamine 

and insulin stimulated gastric acid secretion after 

selective and truncal vagotomy. Gut. 8: 36-41.

BARON, J.H. (1963). An assessment between gastric 

secretion, age and sex of patients and site and nature 

of the ulcer. Gut 4: 243-53.



BARON, J.H. (1963 ). Studies of basal and peak acid 

output with an augmented histamine test. Gut. 4: 136-44.

BARON, J.H. (1970). Dose response relationships of 

insulin hypoglycaemia and gastric acid in man. Gut. 11: 

826-36.

BARON, J.H. (1972). Aetiology in Wastell, C (ed).

Chronic duodenal ulcer. Butterworths, London, pp 19-52.

BARON, J.H. (1978). In clinical tests of gastric 

secretion history, methodology and interpretation. The 

Macmillan Press Ltd., London and Basingstoke.

BARON, J.H. and ALEXANDER-WILLIAMS, J. (1971). Use of 

gastric function tests by British Gastroenterologists. 

Br. Med. J. 1: 196-9.

BECK, J.R. and SHULTZ, E.K. (1986 ). The use of relative 

operating characteristic (ROC) curves in test performance 

evaluation. Arch. Pathol. Lab. Med. 110: 13-20.

BELL, P.R.F. (1964). The long term effect of vagotomy on 

the maximal acid response to histamine in man. 

Gastroenterology. 46: 387-91.

BELL, P.R.F., CHECKETTS, R.G., JOHNSTON, D. and DUTHIE, 

H.L. (1965). Augmented histamine response after

incomplete vagotomy. Lancet ii, 978-79.



BATHAMONDE, A. (1987). A prospective study of

intraoperative histologic antrum and corpus boundary in 

patients undergoing highly selective vagotomy for 

duodenal ulcer. Surg. Gynaecal. Obstet. 164: 213-8

BRANDSBORG, D.. BRANDSBORG, M. and CHRISTENSEN, N.J. 

(1975). Plasma adrenaline and serum gastrin: studies in

insulin induced hypoglycaemia and after adrenaline 

infusions. Gastroenterology. 68: 455-60.

BRODIE, B.C. (1814). Experiments and observations on the 

influence of the nerves of the eight pair on the 

secretions of the stomach. Phil. TR. London. 104: 102-6.

BUNDRED, N.J., WHITFIELD, B.C.S., STANTON, E. , PRESCOTT, 

R.J., DAVIES, G.C. and KINGSNORTH, A.N. (1985). Gastric 

surgery and the risk of subsequent colorectal cancer. 

Br. J. Surg. 72: 618-9.

BURGE, H.W. (1960). Vagotomy in the treatment of peptic 

ulceration. Post. Grad. Med. J. 36: 2-12.

BURGE, H.W., and FROHN, M.J.N. (1969). The technique of 

bilateral selective vagotomy with the electrical test. 

Br. J. Surg. 56: 452-60.

BURGE, H. , STEDEFORD, R.D. and HOLLANDERS, D. (1970). 

Recurrent ulceration after vagotomy and drainage with 

electrical stimulation. Brit. Med. J. 3: 372-5.



BURGE, H.W., and VANE, J.R. (1958). Method of testing 

for complete nerve section during vagotomy. Brit. Med. 

J. 1: 615-8.

BURNS, G.P., CHENG, F.C.Y., COX, A.G., PAYNE, R.A., 

SPENCER, J. and WELBOURN, R.B. (1969). Significance of 

early or late positive responses to insulin hypoglycaemia 

in patients with intact vagi. Gut. 10: 820-4.

CANNON, W.B. and ROSENBLUETH, A. (1937). Autonomic 

neuro-effector systems. Macmillan, New York.

CAYGILL, C.P.J., HILL, M.J., HALL, C.N., KIRKHAM, J.S. 

and NORTHFIELD, T.C. (1987). Increased risk of cancer at 

multiple sites after gastric surgery for peptic ulcer. 

Gut. 28: 924-8.

CHECKETTS, R.G. (1966). M.D. Thesis. Some aspects of 

recurrent ulceration after vagotomy. Univ. of Sheffield.

CLARK, C.G. (1964). Recovery of gastric function after 

incomplete vagotomy. Brit. J. Surg. 51: 539-42.

CLARK, C.G. (1987). Invited commentary. World. J. Surg. 

2: plOO.

CLARK, C.G., FRESINI, A., ARAUJO, J.G. and BOULOS, P.B. 

(1986). Proximal gastric vagotomy or truncal vagotomy



and drainage for chronic duodenal ulcer? Br. J. Surg. 

73: 298-300.

CLARK, C.G. and MURRAY, J.G. (1963 ). The Burge test for 

complete vagotomy. J.R. Coll. Surg. Edinb. 8: 212-8.

COLE, R.E. (1972). An intraoperative test for

completeness of vagotomy. Am. J. Surg. 123: 543-4.

COOKE, W.M., TALBOT, I.C., WELLBOURN, R.B. and COX, A.G. 

(1970). Leucomethylene-blue as aid to complete vagotomy. 

Lancet, i, 864-5.

COUPLAND, G.A.E. and CUMBERLAND, V.H. (1972). Testing 

adequacy of vagotomy at operation. Ann. Surg. 176: 641- 

4.

COWLEY, D.J., SPENCER, J. and BARON, J.H. (1973). Acid 

secretion in relation to recurrence of duodenal ulcer 

after vagotomy and drainage. B r . J. Surg. 60: 517-22.

COX, A.J. (1952). Stomach size and its relation to 

chronic peptic ulcer. Archs. Path. 54: 407-22.

COX, A.J. (1968). Comparison of symptoms after vagotomy 

with gastroenterostomy and partial gastrectomy. Br. Med. 

J. 2: 288-90



cox, A.J. (1970). Vagotomy and drainage procedures. The 

present position. Progr. Surg. 8: 45-68.

CRAWFORD, G., and HOBSLEY, M. (1968). Spectrophotometric 

estimation of phenol red in gastric juice in the presence 

of blood. Biochem. J. 107,26P.

CUESTA VALENTIN, M.A., DOMINGUEZ, M.D., ALONSO, M.R. and 

GONZALEZ, E.B. (1987). Vagal regeneration after parietal 

cell vagotomy: an experimental study in dogs. World. J.

Surg.11: 94-100.

DAVIDSON, P.B., WILLCOX, E. and HAAGENSEN, C.D. (1925). 

Gastric excretion of Neutral Red. J.A.M.A. 85: 794-9.

DAWSON, A.B. and IVY, A.C. (1925 ). Contributions to the 

physiology of gastric secretions. VII The elimination 

of dyes by the gastric mucosa. Am. J. Physiology. 73: 

304-14.

DECKER, D.A.G. and MYBURGH, J.A. (1969). A fatality 

during the Hollander insulin test. A. Afr. Med. J. 43: 

869-70.

DONAHUE, P., YOSHIDA, J., POLLEY, F. , and NYHUS, L. 

Preganglionic vagus nerve fibres also enter the greater 

curvature of the stomach in rats and ferrets. 

Gastroenterology, 1988. 94: 1292-9



DRAGSTEDT, L.R. (1917). Contributions to the physiology 

of the stomach, gastric juice and gastric ulcer. 

J.A.M.A. 68; 330-3.

DRAGSTEDT, L.R. (1935). Some physiologic principles 

involved in the surgical treatment of gastric and 

duodenal ulcers. Ann. Surg. 102: 563-80.

DRAGSTEDT, L.R. (1942). Pathogeneis of gastroduodenal 

ulcer. Arch. Surg. 44: 438-51.

DRAGSTEDT, L.R. (1969). Peptic ulcer. An abnormality in 

gastric secretion. Am. J. Surg. 117: 143-56.

DRAGSTEDT, L.R., FOURNIER, H.J., WOODWARD, E.R., TOVEE, 

E.B. and HARPER, P.V.Jr. (1947). Trans-abdominal gastric 

vagotomy. A study of the anatomy and surgery of the 

vagus nerves at the lower portion of the oesophagus. 

Surg. Gynaecol. Obstet. 85: 461-6.

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- 

700.

DRAGSTEDT, L.R., OBERHELMAN, H.A.Jr. and WOODWARD, E.R. 

(1951). Physiology of gastric secretion and its relation 

to the ulcer problem. J.A.M.A. 147: 1615-20.



DRAGSTEDT, L.R. and OWENS, F.M. (1943). Supra

diaphragmatic section of the vagus nerves in the

treatment of duodenal ulcer. Proc. Soc. exp. Biol. 53: 

152-4.

DRAGSTEDT, L.R., PALMER, W.L., SCHAFER, P.W. and HODGES, 

P.C. (1944). Supra-diaphragmatic section of vagus nerves 

in treatment of duodenal and gastric ulcers.

Gastroenterology. 3: 450-62.

DRAGSTEDT, L.R., WOODWARD, E.R. and CAMP, E.H. (1950).

Questions on the return of gastric secretion after

complete vagotomy. Arch. Surg. 61: 775-82.

DUKE, W.W., HIRSCHOWITZ, B.I. and SACHS, G. (1965).

Vagal stimulation for gastric secretion in man by 2- 

deoxy-D-glucose. Lancet, ii, 871-6.

DUTHIE, H.L. (1964). Stomach and duodenum. Recent 

Advances in Surgery. p259. Ed. Selwyn Taylor.

Churchill, London.

DUTHIE, H.L., JEPSON, K. and JOHNSTON, D. (1967). Effect 

of Pentagastrin after vagotomy. Lancet ii, 841.

EDWARDS, L.W. and HERRINGTON, J .L .Jr.(1957 ). Efficacy of 

40% gastrectomy combined with vagotomy for duodenal 

ulcer. Surgery. 41: 346-8.



EISENBERG, M.N., WOODWARD, E.R. and CARSON, T.J. (1969). 

Vagotomy and drainage procedure for duodenal ulcer: the

results of 10 years experience. Ann. Surg. 170: 317-28.

EMAS; S. and FERNSTROM, M. (1985). Prospective,

randomised trial of selective vagotomy with pyloroplasty 

and selective proximal vagotomy with and without 

pyloroplasty in the treatment of duodenal pyloric and 

prepyloric ulcers. Am. J. Surg. 149: 236-43.

EXNER, A. and SCHWARTZMANN, E. (1912). Tabische-Krisen 

ulcus ventriculi and vagus. Wien Klin Wochnschr. 25: 

1405-8.

FABER, R.G., RUSSELL, R.C.G., PARKIN, J.V., WHITFIELD, 

J.V. and HOBSLEY, M. (1975). The predictive accuracy of 

the post vagotomy insulin test: a new interpretation.

Gut. 16: 337-42.

FAIRLEY, D. and IVE, C. (1925). The value of Neutral Red 

in the estimation of gastric function. Guy's Hospital 

Reports. 75: 55-7.

FARMER, D.A. and SMITHWICK, R.H. (1952). Hemigastrectomy 

combined with resection of the vagus nerves. N. Engl. J. 

Med. 247: 1017-22.

FAWCETT, A.N., JOHNSTON, D. and DUTHIE, H.L. (1969). 

Revagotomy for recurrent ulcer after vagotomy and



drainage for duodenal ulcer. Brit. J. Surg. 56: 111-6.

FINDLAY, J., PRESCOTT, T. and SIRCUS, W. (1972). A 

comparitive evaluation of the water recovery test and 

fluoroscopic screening in positioning a naso-gastric tube 

during gastric secretory studies. Br. Med. J. 4: 458-61.

FINKELSTEIN, R. (1922). Zur frage der

farbstoffausscheidung durch den magen. Arch. f.

Verdauungskr. 30: 299.

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 pp 299-300. Brussels Office 

Internationale de Librairie.

FORREST, A.P.M. and CODE, C.F. (1954). Effect of post 

ganglionic sympathectomy on canine gastric secretion. 

Amer. J. Physiol. 117: 425-9.

FRANKSSON, C. (1947). Selective abdominal vagotomy. 

Alta. Chir. Scand. 66: 409-12.

FRASER, A.G., BRUNT, P.W. and MATHESON, N.A. (1983). A 

comparison of highly selective vagotomy with truncal 

vagotomy and pyloroplasty - one surgeons results after 5 

years. Br. J. Surg. 70: 485-8.



FUJITA, M. , TAKAMI, M. and USUGANE. M. et al (1979 ).

Enhancement of gastric carcinogenesis in dogs N-Methyl-N- 

vitro-N-Nitrosoguanidine following vagotomy. Cancer

Research. 39: 811-16.

FULD, E. (1908). Zalzsauretherapie. Therap. Monatsh. 

Berl. XXII: 549-60.

GALEN, C . On the usefulness of the parts of the body. 

Translated by M.T. Nay. p32 Cornell University Press.

New York. 1968.

GILES, G.R., MASON, M.C., and CLARK, G.C. (1968) Antral

function and recurrent ulceration. Amer. J. Surg. 115: 

472-6.

GILLESPIE, G. , ELDER,J.B., GILLESPIE, I.E. and CREAN G.P. 

(1970). The short term reproducibility of the insulin

test in peptic ulcer patients. Gastroenterology. 59: 

180-7.

GILLESPIE, G., ELDER, J.B., SMITH, I.S., KENNEDY, F . , 

GILLESPIE, I.E., KAY, A.W. and CAMPBELL, E.H.G. (1972). 

Analysis of basal acid secretion and its relation to the 

insulin response in normal and duodenal ulcer subjects. 

Gastroenterology. 62: 903-10.

GILLESPIE, I.E. and KAY, A.W. (1961). Effect of medical



and surgical vagotomy on the augmented histamine test in 

man. Br. Med. J. 1: 1557-60.

GILLMAN, T. (1943). The excretion of Neutral Red by the 

gastric mucosa: a valuable test of gastric function. A.

Afr. J. Med. Sci. 8: 50-64.

GILLMAN, T. (1944) Critical evaluation of neutral red

excretion and acid secretion tests of gastric function in

normal and in subjects with gastric disorders.

Gastroenterology. 3: 188-205.

GILLY, F., CHABAL, J., BOULEZ, J. and MINAIRE, Y. (1989). 

Sham feeding for testing gastric secretory capacities

before and after parietal cell vagotomy. Br. J. Surg. 

76: 946-8.

GLAESSMOR, K. and WITTGENSTEIN, H. (1923). Stomach 

function test. Wein. Klin. Wchnschr. 36: 791-2.

GOLIGHER, J.C., PULVERTAFT, C.N., De DOMBAL, F.T., CLARK, 

C.G., CONYERS, J.H., DUTHIE, H.L., FEATHER, D.B., 

LATCHMORE, A.J.C., MATHERSON, T.S., SHOESMITH? J.,

SMIDDY, F.G. and WILLSON-PEPPER, J. (1968). Clinical 

comparison of vagotomy and pyloroplasty with other forms 

of elective surgery for duodenal ulcer. Brit. Med. J. 2: 

787-9.



GOLIGHER, J.C., PULVERTAFT, C.N., De DOMBAL, F. T., 

CONYERS, J.H., DUTHIE, H.L., FEATHER, D.B., LATCHMORE, 

A.J.C., SHOESMITH, J.H., SMIDDY, F.G. and WILSON-PEPPER, 

J. (1968). Five to eight year results of Leeds/York 

controlled trial of elective surgery for duodenal ulcer. 

Br.Med.J. 2: 781-7.

GRAFFNER, H. and JARHULT, J. (1984). The effect of beta- 

blockade on gastric acid secretion, gastrin release and 

plasma catecholamine concentrations during modified sham 

feeding in duodenal ulcer patients. Scand. J.

Gastroenterol. 19: 937-40.

GRASSI, G. (1971). A new test for complete nerve section 

during vagotomy. Br. J . Surg. 58: 187-9.

GRASSI, G. , ORECCHIA, C. , CANTORELLI, I., and SBUELZ, B. 

(1972). Intraoperative relation of gastric secretion 

acidity and complete vagotomy. Surg. Gynaecal. Obstet: 

134: 35-8.

GRAVGAARD, E. (1]968). A study of the vagus at the lower 

end of the oesophagus, with special reference to duodenal 

ulcer and acute gastro-duodenal ulcerations. 

Scandinavian Journal of Gastroenterology. 3: 327-33.

GRIFFITH, C.A. (1962). Selective gastric vagotomy. 

Parts 1 6  2. West J. Surg. Obst. and Gynaec. 70: 107-18, 

175-80.



GRIFFITH, C.A. (1964). A new anatomic approach to the

problem of incomplete vagotomy. Surg. Clin. North. Am. 

44: 1239-52.

GRIFFITH, C.A. (1967). Completeness of gastric vagotomy

by the selective technique. Amer. J. Dig. Dis. 12 : 333- 

50.

GRIFFITH, C.A. (1969). Significant functions of the 

hepatic and celiac vagi. Amer. J. Surg. 118: 251-9.

GRIFFITH, C.A. and HARKINS, H.N. (1957). Partial gastric 

vagotomy: an experimental study. Gastroenterology. 32:

96-102.

GRIFFITH, C.A., LEYSE, R.M., DAVIS, D.R. et ai (1972).

Mortality and recurrent ulcer after selective vagotomy.

Am. Surg. 38: 504-8.

GRIFFITH, C.A., STAVNEY, L.S., KATO T., and HARKINS, H.N. 

(1963). Selective gastric vagotomy. Amer. J. Surg. 105: 

361-9.

GROSSMAN, M.I. (1974). Some minor heresies about

vagotomy. Gastroenterology. 67: 1016-9.

GUSTAVSSON, S. (1988). Trends in surgical management in 

Sweden. Scand. J. Gastroenterol. 23 (Suppl 155). 152-4.



GUSTAVSSON, S., KELLY, K.A., MELTON, L.J. Ill, 

ZINMEISTER, A.R. (1988). Trends in peptic ulcer surgery. 

Gastroenterology. 13: 289-307.

HALLENBECK, G.A., GLEYSTEEN, J.J., ALDRETE, J.S. and 

SLAUGHTER, R.L. (1976). Proximal gastric vagotomy: 

effects of two operative techniques on clinical and 

gastric secretory results. Ann. Surg. 184: 435-42.

HANSKY, K. (1977). Hypergastrinaemia, hyperacidity and 

peptic ulceration. Rendiconti di Gastroenterologica. 9:

61.

HANSKY, K and KORMAN, M.G. (1973). Immunoassay studies 

in peptic ulcer. In: Sircus. W. ed. Clinics in

gastroenterology. Vol. 2. New York. W.B. Saunders. 275- 

91.

HARKINS, H.N. (1947). Prevention of pyloro ligation- 

induced ulcers of gastric rumen of rats by transabdominal 

vagotomy: Preliminary report. Bull. Johns Hopkins

Hospital. 80: 174-6.

HARKINS H.N., STAVNEY, L.S. and GRIFFITH, C.A. (1963). 

Selective gastric vagotomy. Ann. Surg. 158: 448-60.

HASSAN . M.A. and HOBSLEY, M. (1970). Positioning of 

subject and of nasogastric tube during a gastric 

secretion study. Br. Med. J. i : 458-60.



HENNING, N. and NORPOTH, L. (1932). Die magenseckretion 

wahrend des sehlafes. Deutsches Arch. Klin. Med. 172: 

558-62

HERRINGTON, J.L. and SAWYERS, J.L. (1978). Result of 

elective duodenal ulcer surgery in women: comparison of

truncal vagotomy and antrectomy, gastric selective 

vagotomy and pyloroplasty, proximal gastric vagotomy. 

Ann. Surg. 187: 576-82.

HERSHLAG, A. and ARGOV, S. (1983). Parietal cell 

vagotomy. II the first decade: clinical considerations.

Curr. Surg. 40: 93-104.

HESS, H . , WURSCH, T.G., WALSER. R., KOELZ, H.R., PELLONI, 

S., BRANDLI, H. , SONNENBURG, A. and BLUM, A.L. (1980). 

How often does peptic ulcer produce 'typical' ulcer 

symptoms? Acta. Hepatogastroenteral. 27: 57-61.

HILL, G.L. and BARKER, M.C.J. (1978). Anterior highly 

selective with posterior truncal vagotomy. Br. J. Surg. 

65: 702-5.

HIRBYASHI, N. (1924). Chromodiagnosis of secretory 

disturbances. Arch. f. Verdauungskr. 33: 71.

HIRSCHOWITZ, B.I. (1966). Reversal of insulin inhibition 

of gastric secretion by intravenous injection of 

Am. J. Dig. Dis. II: 217-30.



HOBSLEY, M. (1982). Which test to use. In: Baron, J.H., 

Alexander-Wi11iams, J., Allgower, M. et al eds. Vagotomy 

in modern surgical practice. London: Butterworths. 97-9.

HOBSLEY, M. and SILEN, W. (1969). Use of an inert marker 

(Phenol Red) to improve accuracy in gastric secretion 

studies. Gut. 10: 787-95.

HOEDMAEKER, P.J. (1970). Heterotopic gastric mucosa in 

the duodenum. Digestion 3: 165-73.

HOFFMAN, J., OLESEN , A. and JENSEN, H.E. (1987). 

Prospective 14 to 18 year follow up study after parietal 

cell vagotomy. Br. J. Surg. 74: 1056-59.

HOLLANDER, F. (1946). The insulin test for the presence

on intact nerve fibres after vagal operation for peptic

ulcer. Gastroenterology. 7: 607-14.

HOLLANDER, F . (1948). Laboratory procedures in the study 

of vagotomy. Gastroenterology. II: 41925.

HOLLANDER, F., JEMERIN, E.E. and WEINSTEIN, V. (1942).

An insulin test for differentiating vagal from non-vagal 

stomach pouches. Fedn. Proc. I: 116.

HOLLE, F. and BAUER, H. (1974). S.P.V. and pyloroplasty 

in ulcer disease in Holle, F., Anderson, S., eds.



Vagotomy, latest advances. Springer-Verlag. Berlin 198.

HOLLE, F. and HART, W. (1967). Neue Wege der Chirugie

des Gastroduodenalulucus. Med. Klin. 62: 441-50.

HOLST-CHRISTENSEN, J., HAWSEN, O.H., PEDERSEN, T. and

KRONBERG, 0. (1977). Recurrent ulcer after proximal

gastric vagotomy for duodenal and pre-pyloric ulcer. Br. 

J. Surg. 64: 42-6.

HOOD, J.M., SPENCER, E.F.A., MACREA, K.D. and KENNEDY, T. 

(1976). Predictive value of perioperative gastric acid 

tests. Gut. 17: 998-1000.

HOUGHTON, P.W.J. and MORTENSEN, N.J.M.C. (1987) 

Colorectal cancer (letter). Br. J. Surg. 74: 1006.

HUBEL, K.A. (1966). Insulin induced gastric acid

secretion in young men. Gastroenterology. 50: 24-8.

h u n t e r 's lectures on anatomy (1752). pl59. Elsevier

Publishing Co. 1972.

INGRAHAM, R.C. and VISSCHER, M.B. (1935). Studies of the 

elimination of dyes in the gastric and pancreatic

secretions and inferences therefrom concerning the 

mechanisms of secretion of acid and base. J. Gen. 

Physiol. 18: 695-716.



IRVING. A.D. and SMITH G. (1985). Predictive values of 

gastric acid tests before and after truncal vagotomy and 

gastrectomy. J. R. Coll. Surg. Edinb. 30: 21-5.

JACKSON, R.G. (1948). Anatomic study of the vagus 

nerves. Arch. Surg. 57: 333-52.

JACKSON, R.G. (1949). Anatomy of the vagus nerves in the 

region of the lower oesophagus and the stomach. Anat. 

Rec. 103: 3-18.

JAMES, A.H. and PICKERING, G.W. (1949). Role of gastric 

acidity in pathogenesis of peptic ulcer. Clin. Sci. 8: 

181-210.

JEFFERSON, N.C., GEISEL, A., LOTT, P. and NECHELES, H. 

(1967). Vagus regeneration in the dog. Surgery. 61: 

808-11

JEFFERSON, N.C., KUROYANAGI, Y . , ARAI, T., GEISEL, T. and 

NECHELES, H. (1965). Extravagal gastric motor

innervation. Surgery. 58: 420-3.

JENSEN, H.E., KRAGELUND, E. and AMDRUP, E. (1971). 

Intraoperative studies of the stomach leucomethylene blue 

staining of the vagus, intragastric determinations of pH 

and Congo red staining of the mucosa. Chir.

Gastroenterology. 5: 303-9.



JOFFE, S.N., CROCKET, A. and DOYLE, D. (1982). 

Morphologic and functional evidence of reinnervation of 

the gastric parietal cell mass after parietal cell 

vagotomy. Amer. J. Surg. 143: 80-5.

JOHANSEN, A., HART HANSEN, 0. (1973). Heterotopic

gastric epithelium in the duodenum and its correlation to 

gastric disease and acid level. Acta. Pathol. Microbiol. 

Scand. 5: 676-80.

JOHNSON, A.G. (1982). pH testing. In Baron, J.H., 

Alexander-WiI1iams, J., Allgower, M . , Muller, C .,

Spencer, J. eds. Vagotomy in modern surgical practice. 

London: Butterworth. 86-90.

JOHNSON, A.G. and BAXTER, H.K. (1977). Where is your 

vagotomy complete? Observations on operative technique. 

B r . J. Surg. 64: 583-6.

JOHNSTON, D. (1980). Treatment of peptic ulcer and its 

complications. In: Taylors, ed. Recent advances in

surgery. No. 10. London: Churchill, Livingstone.

JOHNSTON, D. and BLACKETT, R.L. (1988). A new look at 

selective vagotomies. Amer. J. Surg. 156: 416-27.

JOHNSTON, D. and GOLIGHER, J.G. (1971). The influence of 

the individual surgeon and of the type of vagotomy upon



the insulin test after vagotomy. Gut. 12: 963-7.

JOHNSTON, D . , LYNDON, P.J., SMITH, R.B. and HUMPHREY,

C.S. (1973). Highly selective vagotomy without a 

drainage procedure in the treatment of haemorrhage, 

perforation and pyloric stenosis due to peptic ulcer. 

Br. J. Surg. 60: 790-7.

JOHNSTON, D . , THOMAS, D.G., CHECKETTS, R.G. and DUTHIE, 

H.L. (1967). An assessment of post-operative testing 

after completeness of vagotomy. Brit. J. Surg. 54: 831- 

3.

JOHNSTON, D. and WILKINSON, A.R. (1969). Selective 

vagotomy with innervated antrum without drainage procedure 

for duodenal ulcer. Br. J. Surg. 56: 626.

JOHNSTON, D. and WILKINSON, A.R. (1970). Highly

selective vagotomy without drainage procedure in the 

treatment of duodenal ulcer. Br. J. Surg. 57: 289-96.

JONES, W.M. (1969). M.Ch. Thesis "Incomplete Vagotomy". 

University of Wales.

JONES, W.M. and GRIFFITH, C. (1970a). On the question of 

vagal reinnervation of the stomach. Part I. The 

permanence of the amount of the residually innervated 

gastric mucosa. Ann. Surg. 171: 365-8.



JONES, W.M. and GRIFFITH, C.A. (1970b). On the question 

of vagal reinnervation of the stomach. Part 2. The 

unchanging secretory and ulcerogenic potential. Ann. 

Surg. 171: 369-72.

JORDAN, P.H. (1979). An interim report on parietal cell 

vagotomy versus selective vagotomy and antrectomy for 

treatment of duodenal ulcer. Ann. Surg. 189: 643-53.

JORDAN, P.H. and CONDON, R.E. (1970). A prospective 

evaluation of vagotomy-pyloroplas ty and vagotomy- 

antrectomy for treatment of duodenal ulcer. Ann. Surg. 

172: 547-60.

JORDAN, P.H. and de la ROSA, C. (1967). Relationship 

between stimulating mechanisms of gastric secretion in 

dogs. J.A.M.A. 199: 149-55.

KAY, A.W. (1962). Recent advances in relation to surgery 

of the stomach in "Modern Trends in Surgery". Ed. W.T. 

Irvine, Butterworths, London.

KAY, A.W. (1967). Memorial lecture: an evaluation of

gastric acid secretion tests. Gastroenterology. 53: 

834-44.

KAY, AW. (1969). Introduction. In Williams, J.A. and 

Cox, A.G. (eds) After vagotomy. Butterworths, London, pp 

1-11.



KENNEDY, F., GILLESPIE. I.E., and KAY, A.W. (1968). 

Comparison of pyloroplasty and gastrojejunostomy. Gut. 

9: 734.

KENNEDY, T. (1974). Which Vagotomy? Which drainage?

Proc. R. Soc. Med. 67: 3-4.

KENNEDY, T., CONNELL, A.M., LOVE, A.G.H., MACRAE, K.D.

and SPENCER, E.F.A. (1973). Selective or truncal 

vagotomy? 5 year results of a double-blind randomised 

controlled trial. Br. J. Surg. 60: 944-8

KENNEDY, T., JOHNSTON, G.W., LOVE, A.G.H., CONNELL, A.M.

and SPENCER, E.F.A. (1973). Pyloroplasty versus

gastroenterostomy. Results of a double-blind randomised, 

controlled trial. Br. J. Surg. 60: 949-52.

KIRK, R.M. (1988). An overlooked factor in duodenal 

ulceration and postoperative recurrence. Gut. 29: 1625- 

27.

KOBAAYASHl, K. (1926). Experimental studies on

absorption, secretion and excretion. On the secretion

and absorption of dye stuffs by the stomach. Acta. 

Scholae. Med. Univ. Imp. Kioto. 8: 465.

KOFFMAN, C.B., HAY, D.J. and GANGULl , P.G. et al (1983 ). 

A prospective randomised trial of vagotomy in duodenal 

ulceration. Br. J. Surg. 70: 342-5.



KOLM, R., KOMAROV, S.A. and SHAY, H. (1945).

Experimental studies on excretion of Neutral Red. 

Gastroenterology. 5: 303-19.

KOLM, R. , KOMAROV, S. A., and SHAY, H. (1949).

Quantitative determination of Neutral Red in gastric 

juice and gastric contents. Revue. Can. Biol. 8: 262-79.

KOMAROV, S.A., KOLM, R., and SHAY, H. (1949). The

excretion of Neutral Red by the liver, kidneys and

stomach. Rev. Canad. De. Biol. 8: 285-97.

KOMAROV, S.A., SHAY, H . , RAYPORT, M. and PELS, S.S. 

(1944). Some observations on gastric secretion in normal 

rats. Gastroenterology. 3: 406-13.

KRAFT, R.O., FRY, W.J., WILHELM, K.B. and RANSOM, M.K.

(1967). Selective gastric vagotomy: A clinical

appraisal. Arch. Surg. 95: 625-30.

KRAUSE, U. (1958). Late prognosis after partial

gastrectomy. Acta. Clin. Scand. 114: 341-54.

KRONBORG, 0. (1970). Repeated insulin tests in patients

with duodenal ulcer after truncal vagotomy and

pyloroplasty. Scand. J. Gastroenterology. 5: 703-6.

KRONBORG, 0. (1971). The value of the insulin test in



predicting recurrence after vagotomy and drainage for 

duodenal ulcer. Scand. J. Gastroenterol. 6: 471-8.

KRONBORG, 0. (1973). The discriminatory ability of

gastric acid secretion tests in the diagnosis of 

recurrence after truncal vagotomy and drainage for 

duodenal ulcer. Scand. J. Gastroenterol. 8: 483-9,

KRONBORG, 0. (1974). Gastric acid secretion and risk of

recurrence of duodenal ulcer within six to eight years 

after truncal vagotomy and drainage. Gut. 15: 714-9.

KRONBORG, 0. (1981). Completeness of vagotomy: anatomy,

pathophysiology and clinical consequences. Scand. J. 

Gastroenterol. 16: 577-80.

KRONBORG, 0., MALMSTROM, J. and CHRISTIANSEN, P.N. 

(1970). A comparison between the results of truncal and 

selective vagotomy in patients with duodenal ulcer. 

Scand. J. Gastroenterol. 5: 519-24.

KUNE, G.A., KUNE, S., WATSON, L.F. and BROUGH, W. (1988). 

Peptic ulcer surgery and colorectal cancer risk. Br. J. 

Surg. 75: 187.

LATARJET, A. (1922). Resection des nerfs de l'estomac. 

Technique operataile. Résultats cliniqus. Bu. Acad. 

Med. (Paris). 87: 681-91.



LATARJET, A. and WERTHEIMER, P. (1923). Quelques 

résultats de l'innervation gastrique. Presse Med. 2: 

993-5.

LAWRIE, J.H. and FORREST, A.P.M. (1965). The measurement 

of gastric acid. Postgrad. Med. J. 41: 408-17.

LEE, M. (1969). A selective stain to detect the vagus 

nerve in the operation of vagotomy. Br. J. Surg. 56: 10- 

13.

LEELA, K. and KANAGASUNTHERAM, R.A. (1968). A

microscopic study of the human pyloroduodenal junction 

and proximal duodenum. Acta. Anat. 71: 1-12.

LEGROS, G. and GRIFFITH, C.A. (1968a). The anatomic 

basis for the variable adequacy of incomplete vagotomy. 

Part 1. The various secretory and ulcerogenic potentials 

of various anatomic types of incomplete vagotomy in Shay 

rats. Ann. Surg. 168: 1030-34.

LEGROS, G. and GRIFFITH, C.A. (1968b). Part 2. The 

various responses to insulin of various anatomical types 

of incomplete vagotomy in dogs. Ann. Surg. 168: 1035-42.

LEGROS, G. and GRIFFITH, C.A. (1969). The abdominal 

vagal system in rats. J. Surg. Res. 9: 183-6.



LEIDBERG, G. and OSCARSON, J. (1976). Personal

communication. In: Baron, J.H. Clinical tests of

gastric secretion, history, methodology and

interpretation. The Macmillan Press Ltd. London and 

Basingstoke, p.206.

LERNER, H.H. and ASHER, L. and ANDREWS, K. (1942). The 

excretion of neutral red by the gastric mucosa as

visualized gastroscopically. Am. J. Dig. Dis. 9: 109-10.

LYNDON, P.J., GREENALL, M.J., SMITH R.B. et al (197 5). 

Serial insulin tests over a five year period after highly 

selective vagotomy for duodenal ulcer. Gastroenterology. 

69: 1188-95.

LYTHGOE, J.P. (1961). Comparison of the insulin and

electrical stimulation tests for the completion of 

vagotomy. Br. Med. J. 1: 1196-2000.

McCREA, D.E. (1925 ). The nerves of the stomach and its

relation to surgery. Brit. J. Surg. 13: 621-48.

MARSHALL, B.J. and WARREN, J.R. (1984). Unidentified 

curved bacilli in the stomach of patients with gastritis 

and peptic ulceration. Lancet 1: 1311-5.

MASON, M.C. and GILES, G.R. (1969). The postoperative 

insulin test - a further assessment. Br. J. Surg. 56:

384.



MASON. M.C., GILES, G.R., GRAHAM, N.G., CLARK, C.G. and 

GOLLIGHER, J.C. (1968). An early assessment of selective 

and total vagotomy. Br. J. Surg. 55: 677-80.

MAYBURY, N.K., FABER, R.G. and HOBSLEY, M. (1977). A new 

interpretation of the insulin test validated and the 

usefulness of the Burge test confirmed. Gut. 18: A405.

MENDELOFF, A.L. (1974). What has been happening to 

duodenal ulcer? Gastroenterology. 67: 1020-2.

MEISNER, S., SUM, C. and KJAERGAARD (1988). The outcome 

of vagotomy for peptic ulcer disease. Acta. Chir. Scand. 

Suppl. 547: 59-64.

MILLER, E.M. and DAVIS, C.B. (1947). Anatomic study of 

vagus nerves. J.A.M.A. 133: 461.

MITCHELL, G.A.G. (1938). The nerve supply of the gastro- 

oesophageal junction. Brit. J. Surg. 26: 333-45.

MITCHELL, G.A.G. (1940). A macroscopic study of the 

nerve supply to the stomach. J. Awat. 75: 50-63.

MORGENSTERN, L. (1968). Vagotomy, gastroenterostomy and 

experimental gastric cancer. Arch. Surg. 96: 920-3.

MORGENSTERN, L., YAMAKAVA, T. and SELTZER, D. (1973).



Carcinoma of the gastric stump. Am. J. Surg. 125: 29-38.

MORRISON, S. (1938). A modern conception of gastric 

secretory function based upon recent investigations and 

newer interpretations. Amer. J. Dig. Dis. 5: 617-27.

MORRISON, S., REEVES, D.L. and GARDENER, R.E. (1963a).

Elimination of various dyes from the Pavlov pouch of 

dogs. Amer. J. Dig. Dis. 3: 551-7.

MORRISON, S., REEVES, D.L. and GARDENER, R.E. (193 6b).

The selective elimination of Neutral Red through the 

gastric mucosa. J. Lab. Clin. Med. 21: 822-7.

MULLAN, F.J., WILSON, H.K., MAJURY, C.W., MILLS, J.O.M.,

CROMIE, A.J., CAMPBELL, G.R. and McKELVEY, S.T.D. (1990).

Bile acids and the increased risk of colorectal tumours 

after truncal vagotomy. Br. J. Surg. 77: 1085-90.

MURRAY, J.G. and THOMPSON, J.W. (1956). Regeneration by 

colateral sprouting in the partially denervated superior 

cervical ganglion of the cat. J. Physiol. 131: 32-3.

MURRAY J.G. and THOMPSON, J.W. (1957). The occurrences 

and function of collateral sprouting in the sympathetic 

nervous system of the cat. J. Physiol. 135: 133-62.

NAIK, N.S., LAGOPOULOS, M. , PRIMROSE, J.N. and JOHNSTON,

D. (1987). The "acid antrum" as a possible cause of



recurrent ulceration after highly selective vagotomy 

(H.S.V.): A histologic study. Gastroenterology. 92:

1584 .

NUNDY, S. and BARON, J.H. (1973 ). An evaluation of the 

Hollander test by graded vagotomy in the dog. Gut. 14: 

665-8.

NUNDY, S. and BARON, J.H. (1974). Graded vagotomy and 

gastric secretion. Amer. J. Dig. Dis. 19: 137-42.

NUNDY, S. and BARON, J.H. (1975). The use of Neutral Red

as a pre-operative test of vagal innervation. Scand. J. 

Gastroenterol. 10: 845-50.

NYHUS, L.M. (1984). Book Review. Gastroenterology. :

375 .

NYHUS, L.M., CHAPMAN, D., DEVITO, R.V. and HARKINS, H.N.

(1960). The control of gastrin release. An experimental

study illustrating a new concept. Gastroenterology. 39:
\

582-9.

OBERHELMAN, H.A., RIGLER, S.P., and DRAGSTEDT, L.R. 

(1957). Significance of innervation in the function of 

the gastric antrum. Am. J. Physiol. 190: 391-5.

O'CONNOR, H.J., DIXON, M.F., WYATT, J.I., AXON, A.T.,



WARD, D.C., DEWAR, E.P. and JOHNSTON, D. (1986). Effect 

of duodenal ulcer surgery and enterogenic reflux in 

Campylobacter pyloridis. Lancet 2: 1178-81.

ORR, l.M. and JOHNSON, H.D. (1949). Brit. Med. J. ii, 

1316-9.

PA1MELA, H., TUOMPO, P.K., PERAKYLA, T., SAARO, 1., 

HOCKERSTEDT, K. and KIVILAAKSO, E. (1991). Peptic ulcer

surgery during the H^ receptor antagonist era: a

population based epidemiological study of ulcer surgery 

in Helsinki from 1972 to 1987. Br. J. Surg. 78: 28-31.

PAYNE, R.A. and KAY, A.W. (1962). The effect of vagotomy 

on the maximal acid secretory response to histamine in 

man. Clin. Sci. 22: 373-82.

PIERSOL, G.M., BOCKUS, H.L., and BANK, J. (1925). The 

practical value of Neutral Red as a test for gastric 

secretory function. Amer. J. Med. Sci. 170: 405-15.

PEMBERTON, J.H. and HEERDEN, J.A. (1980). Vagotomy and

pyloroplasty in the treatment of duodenal ulceration. 

Mayo Clinic Procedings. 55: 14-8.

POLLOCK, A.V. (1952). Vagotomy in the treatment of

peptic ulceration, a review of 1524 cases. Lancet. 795- 

800.



PRIMROSE. J.N., and JOHNSTON, D. (1986). Insulin test 

(IT) as a predictor of recurrent ulceration (RU) after 

highly selective vagotomy (HSV) comparison with the value 

of measurement of BAQ and PAQ. Gut. 27: p.A1283.

PRITCHARD, G.R., GRIFFITH, C.A. and HARKINS, H.N. (1968). 

A physiological demonstration of the anatomic 

distribution of the vagal system to the stomach. Surg. 

Gynec. Obst. 126: 791-8.

READ, R.C., THOMPSON, B.W. and HALL, W.H. (1972). 

Conversion of Hollander tests in man from positive to 

negative. Arch. Surg. 104: 573-8.

RICHARDSON, D.K., SCHWARTZ, S.J., WEINBUM, P.J. and 

GRABBE, S.G. (1985). Diagnostic tests in obstetrics: a

method for improved evaluation. Am. J. Obstet. Gynaecal. 

152: 613-8.

RIVLIS, J. (1966). Ch. M. Thesis. "Partial Vagotomy". 

University of Liverpool.

RlVLlS, J., YAFFE, M. and PRESHAW, R.M. (1968). . The 

effect of unilateral vagotomy on gastric secretion in the 

pylorus-ligated rat. Proc. Soc. exp. Biol. (N.Y.) 127:

310-3.

ROBERTSON, E.A. and ZWELG, M.H. (1981). Use of receiver



operating characteristic curves to evaluate the clinical 

performance of analytical systems. Clin. Chem. 27: 1569- 

74.

ROSATI, I., SERANTONI, C. and CIVANI. P.A. (1976). 

Extended selective proximal vagotomy, observations on a 

variant in technique. Chir. Gastroent. 10: 33-7.

ROSS, A.H.M., SMITH, M.A., ANDERSON, J.D. and SMALL, W.P. 

(1982). Late mortality after surgery for peptic ulcer. 

N. Engl. J. Med. 307: 519-22.

ROSS, B. and KAY, A.W. (1964). The insulin test after 

vagotomy. Gastroenterology. 46: 379-86.

RUCKLEY, C.V. (1973). Tests for the completeness of 

vagotomy and their clinical significance. In. Sircus. W. 

(Ed) Peptic ulcer, clinics in gastroenterol, 2. Saunders, 

London, pp. 413-25.

SAWYERS, J.L., SCOTT, H.W.Jr., EDWARDS, W.H., SHULL. H.J. 

and LAW, D.H. (1968). Comparitive studies of the

clinical effects of truncal and selective gastric 

vagotomy. Amer. J. Surg. 115: 165-72.

SCHIRMER,, B.D. (1989). Current status of proximal

gastric vagotomy. Ann. Surg. 209: 131-48.



SCHWARTZ, E. (1925). Uber die operative Behardburg des 

perfarienten Magen und Duodenalgeschwars und der 

Perfarien des peptischen Jerimalulus nach de 

gastroentrostamine. Deutsche. 192: 239.

SCHWARTZ, J.S. (1987). Understanding laboratory test 

results. Medical Clinics of North America. 71: 639-52.

SCHWARTZ, T.W., STENQUIST, B. , OLBE, L. and STADIL, F. 

(1979). Synchronous oscilations in the basal secretion 

of pancreatic polypeptide and gastric acid. Depression 

by cholinergic blockade of pancreatic polypeptide 

concentrations in plasma. Gastroenterology. 76: 14-9.

SCHROCK, T.R.(1975). Vagotomy in the elective treatment 

of duodenal ulcer. Gastroenterology. 68: 1615-28.

SEVITT, S. and JEPSON, R.P. (1948). Gastric Neutral Red 

excretion test. J. Clin. Path. I: 217-25.

SHAY, H. , komarov, S.A., FELS, S.S., MERANZE, D. , 

GRUENSTEIN, M. and SIPLET, H. (1945). Simple method for 

uniform production of gastric ulceration in the rat. 

Gastroenterology. 5: 43-61.

SHAY, H. , KOMAROV, S.A. and GRUENSTEIN, M. (1949). 

Effects of vagotomy in the rat. Arch. Surg. 59: 210-26.



SHAY, H., SUN, D.C. and GRUENSTEIN, M. (1954). A 

quantitative method for measuring spontaneous gastric 

secretion in the rat. Gastroenterology. 26: 906-13.

SIMICI, D. , POPESCO, M. and DICULESCO , G. (1927). 

L'action de l'insuline sur la secretion de l'estomac a 

l'etat normal et pathologique. Arch. Mol. Appar. Dig. 

17: 28-43.

SIURALA, M . , ISOKOSI, M . , VARIS, K. and KEKKI, M. (1968). 

Prevalence of gastritis in a rural population. Bioptic 

studies of subjects at random. Scand. J. Gastroenterol. 

3: 211-13.

SKANDALAKIS, J.E., ROWE, J.S. and GRAY, S.W. (1974). 

Identification of vagal structures at the oesophagus 

hiatus. Surgery. 75: 233-7.

SKANDALAKIS, L.J., GRAY, S.W. and SKANDALAKIS, J.E. 

(1986). The history and surgical anatomy of the vagus 

nerve. Surg. Gynec. Obst. 162: 75-85.

SMITH, I.S., GILLESPIE, G. , ELDER. J.B. et ai (1972). 

Time of conversion of insulin response after vagotomy. 

Gastroenterology. 62: 912-17.

SMITH, M.P. (1977). Decline in duodenal ulcer surgery. 

J.A.M.A. 237: 987-8.



sNYMAN, J.H. and KEIGHLEY, M.R.B. (1989). Acute non- 

variceal haemorrhage. Current Practice in Surgery. 1: 2- 

9.

SONNENBERG, A. (1987) Changes in physician visits for 

gastric and duodenal ulcer in the United States during 

1958-1984 as shown by the National Disease and 

Therapeutic Index (NDTI). Dig. Dis. Sci. 32: 1-7.

SPENCER, J., BURNS, G.P., CHENG, F.C.Y., COX, A.G. and 

WELBOURN, R.B. (1969). Differences between males and

females in the Hollander insulin test. Gut. 10: 307-10.

SPENCER, J. and GROSSMAN, M.I. (1971). The gastric

secretory response to insulin: an "all or none"

phenomenon. Gut. 12: 891-6.

STADIL, F . and REHFELD, J.F. ( 1973 ). Release of gastrin 

by epinqhrine in man. Gastroenterology. 65: 210-15.

STADIL, F. and REHFELD, J.F. (1974). The effect of

insulin injection on serum gastrin concentrations in 

duodenal ulcer patients and normal subjects. Scand. J.

Gastroenterol. 9: 143-7.

STADIL, F. , REHFELD, J.F., CHRISTIANSEN, P.M. and

KRONBERG, D. (1974). Gastrin response to food in 

duodenal ulcer patients before and after selective or



highly selective vagotomy. Br. J. Surg. 61: 884-8.

STALDER, G.A., SCHULTHEISS, H.R. and ALLGOWER, M. (1972). 

Use of 2-deoxy-D-glucose for testing completeness of 

vagotomy in man. Gastroenterology. 63: 552-6.

STEMPIEN, S.J. (1962). Insulin gastric analysis:

Technic and interpretations. Am. J. Dig. Dis. 7: 138-52.

STEMPIEN, S.J., DAGRADI, A.E. and SEIFER, H.W. (1958). 

Status of duodenal ulcer patients five years or more 

after vagotomy and pyloroplasty. Proc. World. Congress. 

Gastroenterology (Washington) pp 1026-34.

STEMPIEN, S.J., LEE, E.R. and DAGRADI, A.E. (1968). 

Clinical appraisal of insulin gastric analysis. Am. J. 

Dig. Dis. 13: 21-34.

STENING, G.F. and GROSSMAN? M. I. (1970). Effect of

partial vagotomy in the neck or lower thorax on insulin- 

stimulated acid secretion in dogs. Gastroenterology. 

59: 376-9.

STENING, G.F. and Isenberg, J.I. (1969). Insulin-induced 

secretion after partial vagotomy in dogs and cats. Amer. 

J. Physiol. 217: 962-4.

STENQUIST, B. , KNUTSON, U. and OLBE, L. (1978). Gastric



acid response to adequate and modified sham feeding and 

to insulin hypoglycaemia in duodenal ulcer patients. 

Scand. J. Gastroenterol. 13; 895-901.

STODDARD. C.J., JOHNSON, A.G. and DUTHIE, H.L. (1984). 

The 4 to 8 year results of the Sheffield trial of 

elective duodenal ulcer surgery: highly selective or

truncal vagotomy. Br. J. Surg. 71: 779-82.

SUN, D.C. and SHAY, H. (1960). Mechanism of action of 

insulin hypoglycaemia. J. appl. Physiol. 15: 697-703.

TAYLOR, T.V. (1979). Lesser curve superficial

seromyotomy an operation for chronic duodenal ulcer. Br. 

J. Surg. 66: 733-7.

TAYLOR, T.V. (1980). Lesser curve myotomy: an

experimental study. Ann. Surg. 191: 414-8.

TAYLOR, T.V. (1982). Lesser curve myotomy. In: Baron,

J.H., Alexander-Wi11iams, J., Allgower, M. , Muller, C. ,

Spencer, J. eds. Vagotomy in modern surgical practice. 

London: Butterworth. 132-6.

TAYLOR, T.V. (1983). The current surgical management of 

chronic duodenal ulcer: In: Gastroenterological Surgery.

Eds. Irving, M. and Beart, R.W. Butterworths. London. 

p33-53 .



TAYLOR, T.V. (1987). Parietal cell vagotomy: long term

follow up studies. Br. J. Surg. 971-2.

TAYLOR, T.V., GUNN, A.A. and MacLEOD, et al (1985 ).

Mortality and morbidity after anterior lesser curve 

seromyotomy with posterior truncal vagotomy for duodenal 

ulcer. Br. J. Surg. 72: 950-1.

TAYLOR, T.V. and PEARSON, K.W. (1976). Recurrent ulcer

after vagotomy. Lancet. 2: 1303.

TAYLOR, T.V., PEARSON, K.W. and TORRANCE, H.B. (1977).

Re-vagotomy for recurrent peptic ulceration. Br. J. 

Surg. 64: 477-81.

THOMAS, D.G. and Duthie, H.L. (1968). Use of 2-deoxy-D-

glucose to test for the completeness of surgical

vagotomy. Gut. 9: 125-8.

TOFTGAARD, C. (1987). Risk of colorectal cancer after

surgery for benign peptic ulceration. B r . J. Surg. 74: 

573-5.

VECCHIO, T.J. (1966). Predictive value of a single 

diagnostic test in unselected populations. New Engl. J. 

Med. 274: 1171-3.

VENABLES, C.W. Gastroduodenal surgery. In: Dykes,P.W.



Keighley, M.R.B. Eds. Gastroduodenal

haemorrhage. Bristol: Wright P.S.G. 337-56.

VENABLES, C.W. and JOHNSTON, I.D.A. (1969). The use of 

the combined pentagastrin/insulin test to assess the

effectiveness of truncal vagotomy. Br. J. Surg. 56: 701.

VISICK, A.H. (1948). A study of the failures after

gastrectomy. Ann. R. Col. Surg. 3: 266-84.

VOGT, T.M. and JOHNSON, R.E. (1980). Recent changes in 

the incidence of duodenal and gastric ulcer. Am. J. 

Epidemiol, III: 713-20.

WADELL, W.R. (1957). The acid secretory response to

histamine and insulin hypoglycaemia after various 

operations on the stomach. Surgery. 42: 652-8.

WALKER, L.G. (1988). Trends in the surgical management 

of duodenal ulcer. A fifteen year study. Am. J. Surg. 

Vol. 155: 436-8.

WALPOLE, S.H., VARCO, R.L., CODE, C.F. and WANGENSTEEN, 

O.H. (1940). Production of gastric and duodenal ulcers

in the cat by intramuscular implantation of histamine. 

Proc. Soc. Exp. Biol. Med. 44: 619-21.

WATKIN, D.F.L. and DUTHIE, H.L. (1971). Changes in the



post-operative insulin test in relation to recurrent 

ulceration. Gut. 12: 303-10.

WATKIN, D.F.L., KWONG, N.K. and DUTHIE, H.L. (1971). A 

comparison of serial insulin tests and electrical tests 

after vagotomy. Br. J. Surg. 58: 296.

WATKIN, D.L., KWONG, N.K. and DUTHIE, H.L. (1971). An 

evaluation of Burge's electrical test for completeness of 

vagotomy. Br. J. Surg. 58: 871-2.

WATT, P.C.H., PATTERSON, C.G. and KENNEDY, T.L. (1984).

Late mortality after vagotomy and drainage for duodenal

ulcer. B r . Med. J. 288: 1335-8.

WEBER, T.R., MILLER, T.A. and LINDENAUER, S.M. (1975).

The 2DG- Neutral Red Test for completeness of vagotomy.

J. Surg. Res. 18: 491-95.

WEINBERG, J.B., STEMPIEN, S.J., NOVIUS, H.J. and DAGRADI, 

A.E. (1956). Vagotomy and pyloroplasty in the treatment 

of duodenal ulcers. Am. J. Surg. 92: 202-7.

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. 14: 214-27.



WELBOURN. R.B. and BURNS, O.P. (1964). Choice of

operation for duodenal ulcer on the basis of pre

operative gastric secretory studies. Congr. int.

Gastroent. 1: 163-77.

WHITFIELD, P.F., and HOBSLEY, M.A. (1979). A

standardised technique for the performance of accurate 

gastric secretion studies. Agents and Actions. 19/4: 

327-32 .

WILLIAMS, J.A. (1969). Current Practice in "After

Vagotomy", Ed. by J.A. Williams and A.G. Cox. Chap. 29.

London: Butterworths.

WOODWARD, E.R. (1987). The History of Vagotomy. Amer.

J. Surg. 153: 9-17.

WYLLIE, J.H., CLARK, C.G. and ALEXANDER-WI LLI AMS, J. et 

al (1981). Effect of Cimetidine on surgery for duodenal 

ulcer. Lancet, i, 1307-8.


