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SUMM.ARY

In this thesis upper gastro-intestinal motility and its

relationship to patients with gastro-oesophageal reflux has

been investigated.

Current methods of assessment of gastro-oesophageal

reflux have been used and where necessary validated. In

addition ne$¡ techniques have been developed to investigate

upper gastro-intestinal motilit.y. A technique of solid

bolus radionuclide oesophageal emptying has been validated

in normal volunteers and applied to patients. The use of

plasma and salivary paracetamol levels to determine gastric

emptying has also been explored. A technique for assessing

antropyloroduodenal motility and duodenogastric reflux as

determined by antral pH changes has been developed in an

animal model and adapted to normal human volunteers.

Patients with primary gastro-oesophageal reflux have

been assessed by some of these techniques. Oesophageal

emptying in these patients was found to be significantly

slower than controls. Following anti-reflux surgery no

improvement was seen in the ability of the oesophagus Èo

clear itself of a solid boIus.
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Gastric emptying $/as significantly detayed in patients

with gastro-oesophageal ref l-ux, showing a delay in bot'h

solid and Iiquid emptying. No significant correlation $tas

found between resting lower oesophageal sphincter pressures

and the gastric emptying results. However a significant

correlation existed between the delayed solid emptying and

the presence of oesophagitis.

A double blind cross over trial of the drugs

metoclopramide, domperidone and placebo $ras also conducted

in a group of Èhese patients. Patients clinically improved

during all three treatment periods, but active treatments

were not significantly better than placebo. Pre-existing

delay of gastric emptying appeared to be of no significance,

nor was a significant alteration in gastric emptying found

after one months treatment with domperidone.

A further group of patients with gastro-oesophageal

reflux was assessed by gastric emptying studies performed

six months following a standardised fundoplication. this

group showed more rapid solid and liquid gastric emptying.

A group of patients who presented with recurrent. gastro-

oesophageal reflux following anti-refl-ux surgery was also

investigated and found to have significantly slower gastric

emptying.
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Two additional groups of patients with secondary

gastro-oesophageal reflux were also studied. Patients with

progressive systemic sclerosis disptayed a delay of

oesophageal emptying and solid and Iiquid gastric

emptying. Oesophageal emptying was also delayed in a group

of diabetic patients with autonomic neuropathy.

This thesis confirms the abnormalities of oesophageal

function described in gastro-oesophageal reflux disease.

Further it demonstrates a significant proportion of such

patients have delay in both solid and liquid gastric

emptying. Agents that promote gastric emptying lâlere not

significantly superior to placebo in symptomatic control'

however, Surgery lvas associated with both symptomatic and

objective improvement in gastric ernptying.

A new technique for the assessment of

antropyloroduodenal motility has been developed and is no\./

being applied to paÈients. It is hoped it may clarify some

of the questions unanswered by these studies.
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SECÎION I

Ànß

1.I TO EXAMINE AND DEVELOP METHODS OF USE IN THE ASSESSMENT

OF GASIRO.OESOPHAGEAL REFLUX DISEASE

An array of investigations is available to investigate
gastro-oesophageal reflux disease. The reproducibility and

reliability of these methods has been tittte studied.

Further, Èechnology for the assessment of physiology and its
derangements in gastro-oesophageal reflux disease has been

limited. This study aims to answer a number of questions.

(i)

(ii)
Is oesophageal manometry reproducible?

Is measurement of oesophageal acid clearance useful

in the clinical situation?
Can radionuclide techniques be used to measure

oesophageal function, and if so is that, funcÈion

disordere,il in gastro-oesophageal reflux disease?

Are tests of gastro-oesophageal reflux by acid

loading of t.he stomach usef ul in det,ermining the

presence or absence of reflux disease?

!{hat relationship exists between gastrÍc emptying

and gastro-oesophageal reflux?

(iii)

(iv)

(v)

1



(vi)

(vii)

( viii )

(ix)

Is t,here a simple alternative to radionuclide

assessment of gastric emptying which would be

applicable to patients with gastro-oesophageal

reflux disease?

Can an accurate met,hod of measuring

antropyloroduodenal function be developed and

applied in humans?

fs measurement of duodenogastric reflux possible by

ulitising pH changes in the gastric antrum and

duodenum?

What is the relationshíp of antropyloroduodenal

function and duodenogastric reflux to gast,ro-

oesophageal reflux disease?

2



I.2 TO USE THESE METHODS IN THE ASSESSMENT OF UPPER

GASTROINTESTINAL MOTILITY IN PATIENTS WITH PARÎICULAR

REFERENCE TO GASTRO-OESOPHAGEAL REFLUX

New investigations or novel combinations of more

traditional methods of investigation will be used in
patients with gastro-oesophageal reflux. These are used

with the aim of gaining a greater understanding of the

underlying abnormarities of upper gastro-intestinal motirity
present in such patients. There remain several unanswered

questions which will be investigated.

(i) What is Èhe pat,tern of gastric emptying in patients

with gastro-oesophageal reflux?

Are solids and liquids equally involved?

Do the gastric emptying findings relate to other

measures of reflux disease such as presence of

oesophagitis or hy.potensive lower oesophageal

sphincter?

Is oesophageal emptying of a solid bolus impaired in
these patients?

How reliable are symptoms as an indicator of

abnormal motility in these paÈients?

In condítions known Lo be associated with gastro-

oesophageal reflux (e.9. scleroderma and diabetes)

are the motility disturbances similar to patients

wit.h primary gastro-oesophageal reflux?

(iv)

(ii)

( iii )

(v)

(vi)

3



1.3 TO INVESTIGATE THE EFFECTS OF EITHER PTIARIVTÀCOLOGICAL OR

SURGICAL TREAII\TENT OF GAS TRO-OESOPHAGEAL REFLUX DISEASE

ON MOTILITY IN THE OESOPHAGUS STOMACH AND DUODENUM

l4anagement of gastro-oesophageal reflux has been

largely empirical. Decisions are made without complete

documentation of Èhe motility disorder present. A number of

pharmacological and surgical options are in current vogue

yet questions about their impact on underlying motility

disturbances remain largely unresolved:

(i)

(ii)

( iii )

(iv)
(v)

(vi )

Does stratification of patients by their gastric

emptying status predict response to drugs such as

metoclopramide and domperidone?

What is the ext.ent of the placebo effect in patients

managed medically?

Is response to therapy wit.h chronic treatment of

gastro-kinetic drugs due to improved gastric

emptying?

Is oesophageal function improved by domperidone?

Does surgical correction of gastro-oesophagel reflux

atter gastric and oesophageal function?

Can patients with a poor outcome after anti-

reflux surgery be classified on Èhe basis of their

upper gastro-intestinal motility?

If sor can these disorders be identified pre-

operatively?

(vii )

4



(viii ) What possible

management of

developments may improve the surgical

such patients?
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2.L

2.2

2.3

2.4

(i)

(ii)

( iii )

(iv)

(v)

(vi )

(vii )

SECTION II

INTRODT'ClION

Definition of Gastro-oesophageal Reflux

Normal Control of GasÈro-oesophageal Reflux

Assessment of Reflux and Upper
Gastrointestinal Motility.

Symptoms.

Radiology.

Ivtanometry
a. Gastro-oesophageal
b. Gastro-duodenal

pH Studies.

Radionuclide Techniques.

Endoscopy

Histopat.hology

Treatment of Gastro-oesophageal Reflux

Medical

Surgical

(i)
(ii)
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2.T DEFINITION OF GASTRO-OESOPEAGEAL REFLTIX

The reflux of gastric contents into the oesophagus

in everyone during their waking hours.occurs intermittent.ly

Gastro-oesophageal reflux occurring in normal people

and producing neither the symptoms nor histological changes

in the oesophagus is called physiological gastro-oesophageal

reflux. Gastro-oesophageal reflux which causes symptoms or

complications is paÈhological gastro-oesophageal reflux.

This term embraces reflux oesophagitis (gastro-oesophageal

reflux with unequivocal evidence of inflammaÈion of the

oesophagus) and reflux disorder (reflux proven by pH probe

testing or other objective means, without inflammatory

changes being demonstrated). In the older literature the

term symptomatic sliding hiatus hernia was also used as an

all embracing term for gastro-oesophageal reflux.

the commonest symptom to be associated with

pathological gastro-oesophageal reflux is the retro-sternal

pain known as heartburn. However, sympt.oms cover a wide

specÈrum from severe pain without evidence of oesophagitis

to no pain with severe oesophagitis even to the point of

stricture formation. This makes any study of the natural

hist.ory of the disorder dependent on where a patient falls

in this spectrum, when they are being evaluated. As far as

is known there have been no long-term studies of. the whole

7



spect,rum of gastro-oesophageal reflux disease.

Flood and Henní9 (1958 ) followed I00 patients with

symptomatic hiatus hernia treated medically fot a mean of 4

years. They found symptoms became mild or disappeared in

about half of the paÈients, and that symptoms generally did

not worsen with the passage of time. Rex et aI (1961)

reported 30I patients with symptomatic stiding hiatus hernia

who were evaluated by a foltow-up letter or re-examination

after a lO-year period. They found also that more than half

the patients were improved or asymptomatic regardless of

whether endoscopic oesophagitis had been present initially

or not. In one of the few other studies which attempted to

look at the disease complex over many years, Palmer (f968)

repo.rted on 1011 patient.s with a hiatus

hernia,/oesophagitis/oesophageal stricture complex. In L42

patients examined endoscopically over periods up to 9 years '
he reported that oesophagitis appeared for the first time in

13t of the patients, remained unchanged or worsened in 35t

and improved or disappeared in 52\. He also noted that 45

of 413 pat.ients with oesophagitis developed a stricture. On

the other hand, in a series of 400 patients' All-ison et al
(1972) made the observation that 'v/here patients have been

observed repeaÈedly (endoscopically) over a long period, the

degree of oesophagitis has not been seen to alt.er much".

Perhaps the best study available in the literature because

of its prospective nature is that of Behar et al (1975) in

8



their randomized trial of surgery v. medical therapy for

reflux oesophagiÈis. Although not a study of untreated

patient.s, their medical therapy group received only simple

symptomatic measures such as elevation of the head end of

the bed at night and liquid antacids after meals and before

retiring. their patients were carefully followed for 2 or

more years with an assessment of symptoms and manometryt

oesophagoscopy, histology of the oesophagus, and pH probe

evaluation. They found only 3 pat.ients out of 16 had a good

to excellent result with simple medical therapy. (This

included symptoms and objective testing). Many pat.ients

remained symptomatic with objective evidence of persisting

reflux disease.

Therefore, it is apparent that. this disease can wax and

wane and results of studies will often depend on which phase

the patient is in regardless of the therapy being used. It

is also apparent that in many patients once they have

developed reflux disease it is likely to be a continuing

problem lifelong" However, major progression occurs in a

minority on1y.

9



2.2 NOR"I.IAL CONTROL OF GASTRO-OESOPEAGEAL REFLT]X

The mean pressure in the lumen of the thoracic

oesophagus is negative, varying from -15 mmHg to +5 mmHg,

reflecting intrapleural pressures (Goya1 and Cobb, L981).

The mean pressure in the fundus and proximal body of the

stomach is positive and varies from 7 Lo 50 mmHg. During

fasting, the pressures in the stomach can rise to even

higher leve1s (KeIly, 1981). Therefore in quiet inspiration
the heaC of pressure tending to force gastric contents back

into the oesophagus varies from 5 to 15 mmHg, while with

maximal inspiration, abdominal straining or coughing, the

head of pressure can exceed 75 mmHg (Marchand, L957; Ivlorgan,

1962). With pressure gradients such as these gastric

contents would continually pass back into the oesophagus,

unless mechanisms existed to prevenÈ such reflux.

Such mechanisms exist and can be broadly classified as

physiological and anatomical.

PHYS IOLOGICAL I4ECHANIS14 THE LOWER OESOPHAGEAL SPHINCTER

The presence oE a sphincter at the

oesophagus had been hypothesized ever

observation that food tended to be held

(Magendie, L822).

Iower

s ince

up at

end of the

Magendiers

this point
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In 1897, Ivleltzer recorded high pressures occurring in

the lower oesophagus after swallowing and then in 1906 '
Tileston put forward some views, remarkably in line with

current thoughts r O¡ the cardia and its role in the

prevention of peptic ulceration of the oesophagus. For

instance, he noted that the cardia is normally closed and

relaxes with swallowing, belching or vomiting. He also

noted that relaxation of the cardia occurs normally in some

animals allowing free reflux of gastric contents. As well

he noted that pyrosis (heartburn) coultl lower cardiac tone

and thaÈ chronically low cardiac tone could be due to either

organic or functional causes.

In 1909, Fischer demonstrated an anatomical lower

oesophageal sphincter in the bat. This ltras a nice

demonst.ration of evolution at workr ês the animal spent much

of its life hanging upside down: but the observation

probably had little relevance to man. The advent' of more

sophisticated techniques for measuritg' o""ophageal pressure

verified thaÈ there !{as a high pressure zone in the lower

oesophagus (Sanche z ex âI, 1953; Butin et al, 1953;

Dornhorst et al, I954) and then Fyke et al (1956) first

clearly identified this region as a physiological

sphincter. Botha et al (1957) and Atkinson et al (I957b)

also demonstraÈed t.he physiological nature of this

sphincter, which maintained a basal tone above t'hat of

intra-gastric pressure and relaxed as a swallowing lvave was

- 11 -



initiated and contracted when the wave passed.

Introduction of perfused manometry systems by Pope

(L967 ) and Winans and Harris Ã967 ) 1ed to greater f i,ilelity

in recording of pressures in Èhe lower oesophageal sphinct.er

region. However perfused side hole systems continued to be

open to the criticism that movement of the oesophagus

relative to the side hole introduced problems in fidelity of

recordings (Dodds et â1, L976a). The introduction of the

pressure sleeve (Dent. I l-976) resolved this difficulty and

allowed long term recording of pressure events in the lower

oesophageal sphincter region to take place.

It had been known since Lhe 1960's that reflux

sometimes occurred in normal individuals. Such reflux was

difficult to understand when basal lower oesophageal

sphincter tone was measured as normal. Studies in normal

people using the pressure sensor sleeve across the lower

oesophageal sphincter have shown that intermittent transient

relaxations occur and such relaxations occur more frequently

after a meal (Dent et al, 1980). A subsequent study in ten

normal controls revealed transient relaxations of the lower

oesophageal sphicter, 5t followed a transient. increase in

intra abdominal pressure and 1t were without an obvious

cause (Dodds et aI, 1982).

The level of basal tone recorded in the lower

-L2-



oesophageal sphincter is variable and is influenced by

catheter orientation within t.he sphincter, oesophageal

movement with respiration and swallowing, the method of

measuring sphincter pressure, the fed state of the patient

and the recording equipment which is being used. (Pope,

1981; l'leyer and Castell, 1981; Duranceau et al, 1983).

The role of the lower oeso,ohageal sphincter in

preventing reflux when intra abdominal pressure is increased

is a disputed one.

Lind et al (1966) and Cohen and Harris (1970) found

that increases in intra abdominal pressure of either a

passive or active nature led to an increase in lower

oesophageal sphincter pressure regardless of wheLher the

lower oesophageal sphincter was in the abdomen or in the

chest (sliding hiatus hernia ) . Since the response \úas

attenuated by vagotomy (Crispin et â1, L967) and atropine

(Lind et â1,1968) it was suggested that this effect was a

cholinergic reflex mediated via the vagus nerves. Support

f or t.his theory r{as also provided by Laitinen and Larmi

(1981) with a study of dogs.

However, others have argued that the pressure changes

are transmitted ones on1y. Gastric distension may also

influence the pressure in the lower oesophageal sphincter

alt.hough Èhe mechanisms await elucidation.
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Ahtaridis et al (1981) studying intra gastric acid

infusions in both normal controls and palients, concluded

that the lower oesophageal sphincter resting pressure

correlated linearly with the propensity to reflux. they did

not address themselves to the mechanism of reflux in the

subjects however.

The anatomical lower oesoohaqeal sphincter

In 1909, Fischer demonstrated an anatomical lower

sphincter in the bat, but subsequenÈ studies in humans were

unable to unequivocally demonstrate such a sphincter

anatomically (Lendrum , L937 ¡ Byrnes and Pisko-Dubienski,

1963; Higgs et a], 1965; Bombeck et â1, 1966). Liebermann-

t'leffert et al (1979¡ 1983) have used bot.h human and feline

specimens to examine the muscular equivalent of the high

pressure zone in the lower oesophagus. They found that an

oblique gastro- oesophageal ring of muscle f ibres \¡üas the

site of greatest muscular thickness in man and the thickness

t.apered off from this point in both an oesophageal and

gastric direction. Subsequent studies in a feline model

have established that this area of muscle thickening

corresponds with the high pressure lower sphincter

,ilemonstrated manometrically .

ANATOT{ICAL AND ITIECHANICAL FACTORS

Abolition of lower sphincter tone by atropine

-14-

was



carried out by Skinner and Camp (1968) and did not lead to

an increase in gast.ro-oesophageal reflux.

Dodds et aI (L976b) and Edwards (L982) reported in an

anecdotal way that when normal volunteers ltrere placed in a

steep head down position no reflux occurred even when the

lower sphincter was relaxed following swallowing. In a more

physiological study Dodds et al (1982) noted that when

sphincter pressure fell to 0 in normal people reflux events

occurred on only 34t of occasions. It seems that factors

other than intrinsic lower oesophageal sphincter tone must

play a role in preventing gastro-oesophageal reflux.

Mechanical and physical factors of significance in the

region of the oesophageal hiatus, have been Lhe subject of

speculation and investigation for centuries. WiIlis (1679)

described muscle fibres of the diaphragm which "do compass

about and as occasion serves being contracted, do shut üp".

Gubarroff (1886) noted that when pressure was exerted

on the stomach of a cadaver it proved difficult to force

fluid back int.o the oesophagus, suggesting that physical as

opposed to physiological factors were exerting an action.

Factors which have been regarded as ímportant will be

considered in turn.
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The acute anqle of en trv and valve mechanism at qastro-

oesophageal iunction
The sling of muscle fibres maintaining the acute angle

of entry of the oesophagus into the st.omach was first drawn

by Willis in L679 and then described by Helvetius in L7L9 -

However, the acute angle is named after His following the

studies he published in 1903. The acute angle of entry of

the oesophagus and its importance in preventing reflux was

also commented on by Dick and Hurst (L942r, Barret't (1954)

and Creamer (1955). Atkinson and Sumerling (1959) noted

that the acute angle lessened or even disappeared in

cadavers suggesting that active processes were involved in

maintaining the angle in life. Not withstanding this, WaId

and Polk (1983) in an autopsy study of 36 fresh cadavers

found great. variability in the acute angle ranging from 7o

to 600 (with a mean angle of 2Lol.

Donnelly (1953) used barium studies, Leigh CoIIis et aI

(1954) used cadaver dissections in situ and outside the body

and Adler et al (1958) used dog studies to support' the

theory that the acute angle of the oesophagus and the pinch

cock action of the diaphragmat,ic crura act in co-ordination

to prevent reflux. As the diaphragm descends in deep

inspiration it forces the gast.ric fundus downward and

reduces the acute angle of His. The right crus of the

diaphragm conÈracts, along with the rest of the diaphragm,

thereby occluding the oesophageal lumen.
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The mechanism of the acute insertion of the oesophagus

forming a "f1ap va1ve" was demonstrated in a further study

in dogs in which the oesophagus vras divided and joined to

the posterior stomach in such a way that a long mucosal lip

anteriorly rÁ¡as the only mechanism capable of preventing

reflux. This maintained competence even in the face of

induced gastric hypersecretion (Tocorna1 et â1, 1968).

The diaphraqm

Ramond et al (192I) and lvlosher (1923 ) both commented on

the angulation of Èhe oesophagus pass ing t,hrough the

diaphragm acting as a valve mechanism. The oesophagus

passed rather obliquely through the diaphragmatic hiat.us

which $¡as usually made up of fibres from the right crus.

Leigh Collis et al (1954) found that 98* of the muscle

fibres of the hiatus were from right crus and in only 2\ of

dissections were the fibres predominantly from the left

crus. A band of tissue (the muscle of Low), containing

either muscle (infrequently) or fibrous tissue (frequently)

viras f ound in 36 t of cases . It passed f rom the lef t crus

behind the oesophagus across the inferior vena caval hiatus.

The tunnel of the diaphragm is approximately 3 cms in

length (t"Iilstein, 1961) . Jackson (L922 ) suggested that the

diaphragm acted as a pinch cock on the oesophagus and

Allison (1948 ) initially subscribed to the view that

deficiency in this pinch cock action was the most important
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factor leading to reflux disease. Allison also noted that
contraction in the hiatus with inspiration could be felt at

operation (AlIison, 1-948¡ 195I), an observation extended by

WooIIer to include contraction in the hiatus on stimulation
of the right phrenic nerve (Wooler, 1952). the radiological
counterpart of this was suspension of the barium column in

the oesophagus above the diaphragm observed in deep

inspiration (Ivlosher, 1930; Lawler and McCreath, I951).

The intra-abdominal oesophagus

When a length of intra-abdominal oesophagus is present

then this part of the oesophagus is exposed to the same

pressure changes as occur in the rest of the abdominal

cavity. Thus increased intra-abdominal pressure wiIl not

only be transmitted Èo the gastric cavity but t.o the lower

oesophagus, tending to keep it. shut. This physical effect
as an explanation of pressure rises within the lower

oesophagus, during transient abdominal pressure increases

has been reported by Dodds et al (L975), Kaye et al (J-976b),

Csendes et aI (L9791, De Meester et al (L979 ) and Wern1y et

al (1980).

The phreno-oesophagaeal Iiqament (membrane)

This is a fibro elastic membrane which arises as a

condensation of the endo-abdominal fascia on the under

surface of the diaphragm. Roux (1939) called it the 'lame

de Laimer I after the man who is said to have first described
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it in 1883. Anders and Bahrmann (L932 ) described its
elastic structure and Harrington (1940 ) believed that
atrophy of the ligament was important in the increased

incidence of hiatus hernia with age. AlIison ( 1951 )

considered the structure to be of considerable importance

but Barrett (L952) thought the ligament too insubstant.ial to
play any role in hiatus hernia development. Peters (1955)

undertook anatomical and histological sections of the region

and showed it splitting into an ascending thoracic limb and

a descending and stronger abdominal limb. He believed Èhe

membrane not only prevented the cardia passing up into the

chest, but when forces did lead to such an event then the

elastic fibres in the membrane gave the area some rrecoilt.

In an autopsy series Friedland et al (f966) showed

attenuation of the phreno-oesophageal membrane in 7 cases

where a hiatus hernia was present but not in I25 cases

without a hiatus hernia. Similarly Bombeck et aI (1966), in

an autopsy series, claimed that. the upper Ieaf of the

phreno-oesophageal membrane lvas displaced caudad in its
insertion on the oesophagus in those cases where

oesophagit.is was present. The most marke'il caudad

displacement hras seen in hiatus hernia with oesophagitis.

However, it is impossible to know if this latter finding was

cause or effect. They defined the gastro-oesophageal

junction as the squamo columnar junction. And this, taken

with the variability of this latter and its upward movement
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in some cases of oesophagitis, throw some doubt on their

conclusion that the displacement of the phreno-oesophageal

ligament caused the oesophagitis.

Eliska (1973) undertook an autopsy study in 163 human

cadavers, from the foetal period to age 75. He found that,

the upper layer of the phreno-oesophageal membrane became

thinner with age and that patients with hiatus hernia had

the inserBion of the lower leaf displaced craniad at least

in part associated with an increase in sub-peritoneal fat in

the region of the hiatus.

Wolf (1973) used radiological anatomy in patients Èo

reinforce his belief in the phreno-oesophageal ligament as

an important anti-reflux mechanism. Vühilst his arguments

are persuasive there is no lvay of substantiating his thesis

f rom t.he data he presents.

Bremner et aI (1970) carried out a study in dogs of re-

attaching the phreno-oesophageal membrane at various points

and they could not. prove a relationshíp between its

insertion and gastro-oesophageal reflux.

There is no question that the phreno-oesophageal

ligament is a definable anatomic stucÈure which inserts into

the lower oesophagus. As such it presumably plays a role in

maintaining the normal anatomy in this hiatal area.
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There is also no question that the ligamenÈ is

at,tenuated and displaced (both upwards and downwards have

been reported) in patients with a sliding hiatus hernia.

However, the role of the ligament in the development of

gastro-oesophageal reflux has not been worked out, and its

attenuation and displacement in patients is just as likely

an effect of sliding hiatus hernia as a cause of it.

Saliva

Salivary flow occurs only during waking hours and

virtually ceases during sleep (Schneyer et al, 1956). In

resting circumstances human salivary flow occurs at the rate

of about 0.5 ml/min (HeIm et â1, L9821, and this saliva is

transmitted into the oesophagus by spontaneous swallows

which occur at the rate of about once a minute in the waking

state (Lear et al, L965¡ Dent et al, 1980).

Saliva functions as a weak base and is capable of

neutralising acid this capacity being linearly related

to its bicarbonate concentrations (Helm et al, 1982).

Aylwin (1953) recognised the possible importance of

saliva in the oesophagus in its buffering role against acid

and spoke of t... an extreme form of universal oesophagitis

when dehydration from severe illness suppresses

salivation completely' . In spite of this, changes in
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salivary flow and composition have not been much studied in
patients with gastro-oesophageal reflux. Agents which

stimulate salivary flow and bicarbonate secretion by the

salivary glands have the potential to increase acid

clearance, e.g. cholinergic drugs such as Bethanecol and

oral lozenges (HeIm et al, 1983). Agents which decrease

flow and bicarbonat.e secretion have the potential for

slowing oesophageal clearance and thus allowing prolonged

contact of refluxed contents with oesophageal mucosa.

Agents which have been shown to act in this hray are anti-

cholinergic drugs, which dry up salivary secretion (Helm et

â1, L982 ) and alcohol which when taken orally initially

stimulates salivary flow (l4artin and Pangborn, L97L) and

t.hereafter depresses flow for 60-90 minutes (Kissin and

Kaley I L974).

The importance of saliva in the clearance of acid from

the oesophagus vras demonstrated in a study of 27 normal

subjects reported by HeIm et a1 (1983). They found thaÈ

stimulation of salivary flow led to more rapid clearance of

acid from the oesophagus and diminution in, or removal of,

salivary secretion and greatly prolonged acid clearance.

Oesophageal emptying

This was initially assessed by t.he instillation of an

acid load into the oesophagus and recording how many

swallows \dere required before the oesophagus emptied itself
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of the acid (Boobh et âIr 1968). A Beckman pH probe was

positioned 5 cm above the lower oesophageal sphincter and 15

mls of 0.1 N HCI was instilled into the oesophagusr l0 cms

proximal to the probe. Seven subjects free of upper gastro-

intestinal symptoms were instructed to carry out dry

swallows at one minute intervals, 7 subjects at 30 second

intervals and 7 were allowed to swallow when they felt like
it. In aI1 subjects the pH was raised to 6.0 or more within

I0 swallows.

Stanciu and Bennett (L974a) found that all normal

controls cleared their oesophagus of an acid load with L2

swallows, Heil et al (198I) found some normal people who

took 23 swallows to clear, Sonnenberg et aI (1-982 ) found
I

normal people who took more than 20 swallows to clear their

oesophagus and Krejs et al (I976) found that 20 normal

conÈrols took a mean of 38 swallows to clear their

oesophagus of acid.

Acid clearance is not a quantiÈative or even semi-

quantitative Èest of oesophageal emptying, and the number of

swallows taken to bring the pH of the oesophagus back to

normal (i.e. clearance) is different from Èhe number of

swallows required to empty the body of the oesophagus of the

bulk of its contents (Helm et â1, 1984). An oesophageal

empt.ying test was introduced by Tolin et aI (L979) when Èhey

used radionuclide labelled sulphur colloid diluted in I5 mls
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of water to calculate the time it took for the radioactive

counts to pass from oesophagus to st,omach. In 15 normal

subjects in the supine position they found that 93t of the

counts had been emptied from the oesophagus after eight

swallows at 15 second intervals. Russell et a1 (1981a) also

have used radioactively labelled liquid Èo study transit
through the oesophagus and oesophageal emptying.

Oesophageal mucosal resistance

The oesophagus consists of a similar structure to the

rest of the alimenÈary tract with a mucosa, a submucosa, a

muscle layer and an adventitial outer coat (Geboes and

Desmet, 1978). The mucosa consists of an epithelial layer

of squamous cells, a subjacent lamina propria r and a

muscularis mucosa. The epithelial layer consists of an

outer layer of flat and non-keratinised sguamous cells (the

stratum spinosum), and a basal layer is usually less t.han

158 of the total thickness of the epithelial layer. Conical

papillae containing blood vessels of the Iamina propria

reach into the epithelial layer but not usually to a point

more than two-thirds of the epithelial thickness. Basa1

cells undergo mitotic activity and then migrate to the

superficial layers. this process takes about 11 days in the

lower oesophagus of the rat (Bertalanffy, 1960) although the

rate of migration is not. known in man.

Chronic irritative stimulation of the oesophageal
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mucosa leads to increased cell turnover

and eventually basal ce11 hyperplasia

â1, 1978; Livstone et al I L977).

in the basal layers

( Schulze-Delrieu et

In spit.e of the relative paucity of mucous secretíng

oesophageal glands in the mucosa and lamina propria (Ham'

L974) Iarge amounts of mucopolysaccharide are found in the

interstitial spaces between the squamous cells of the

oesophagus (Hopwood et al, L977).

Vagal stimulation in the dog leads to an outpouring of

viscous, alkaline mucus (Vineberg and Komarov, 1933) but

whether such control occurs in man is not known.

Oesophageal mucosa is normally impermeable to hydrogen

ions. However, when acid of low pH comes in contact with

the mucosa particularly when the acid is mixed with bile

salts anð,/or pepsin then the mucosa loses its impermeability

and back diffusion of hydrogen ions occurs (Safaie-Shirazi

et âI, L975; Chung et al, 1977; Harmon et a1, t98l).

Studies of saliva and the clearance of acid from the

oesophagus suggesÈ that mucus, mixed with alkaline saliva'

may give some protection to oesophageal mucosal cells. Such

a system has some resemblance Èo the t unstirred alkaline

fluid layer' on the surface of gastric mucosal cells.
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GASTRODUODENAL IIÍOTILITY

The stomach is divided into two functionalty distinct

compartments. The fundus and upper body acts as a reservoir

for food while the lower body and antrum is responsible for

the mixing and breakdown of solids. Liquid gastric emptying

is thought to be due Èo the pressure gradient between

stomach and duodenum, generated mainly by the proximal

stomach. Deglutition and gastric distention results in

prompt relaxation of the proximal stomach walL (Code and

Carlson, 1968; Jahnbergt L977) which permits the fundus and

upper bo,ily of the stomach to act as a "hopper" for a large

volume of food while maintaining low intragastric pressures.

Liquid emptying is reported to be under the influence

of slow sustained contractions in the proximal stomach

(Wilbur and KeIly, L973) and that the rate of Iiquid

emptying from the stomach increases linearly with increasing

intragastric pressure (Strunz and Grossman , L978). This

contractile activity of t.he proximal stomach is under neural

and hormonal control. The main neural influence is thought

t,o be through the inhibitory vagal system. The transmitter

of this nonadrenergic, noncholinergic system is not known.

Of the hormones implicaÈed in control of gastric function,

cholecystokinin onIy, has been shown to inhibit proximal

gastric contractions in physiological doses (Debas et aL,

r97s ).
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In contrast to liquids, solids are emptied from the

stomach only when they have been changed to an essentially

liquified form. Although some small solid particles will

empty in paralle1 with liquids (Heading, L982), normally

particles are retained until less than 2 mm in size (lleyer

et â1, 1979b). the contractions of the distal stomach are

designed to retain and grind solid food. The frequency and

velocity of propagation of the peristaltic waves are

determined by regular cyclical changes in electrical
potential called the pacesetter potentials or slow waves

(Kelly et â1, 1969 ) . These pacesetter potentials are

generated by the muscularis of all parts of the distal

stomach but an area in the upper body of the stomach along

the greater curve de.oolarizes at the fastest rate (Kelly and

Code, 1971 ) .

The pacemaker impulses are propagated both around the

stomach and distally towards the pylorus at a rate of 3 to 4

cycles per minute in the human. Although the pacemaker

deÈermines the frequency of distal contractions, a more

rapid change in potential ( action potential ) is required to

initiate muscular contraction. The distal gastric

contractions increase in amplitude and velocity as they move

distally and propel solid food from the body of the stomach

towards the pylorus. As the peristaltic hrave approaches the

pylorus the terminal antrum and pylorus close and prevent

solid food entering Èhe duodenum (Carlson et aI, 1966).
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Thus because of their size and the antropyloric closure,

larger digestible solid particles are retained in the

stomach, ground into smaller particles and retropelled into
the proximal stomach. Through this grinding action along

with acid-peptic digestion, most solid particles are reduced

to chymous-like consistency allowing outflow into the

duodenum. Several hormones can influence distal gastric

contractions (Strunz, 1979), but only gastrin may have a

physiologic role (Strunz eX â1, L979; Ivlorgan et aI, 1979).

Gastrin appears to increase t.he frequency of the gastric
pacemaker and facilitates generation of action potentials
(l"lorgan et â1, 1978) however the neÈ effect of gastrin is to

retard gastric emptying. Neural pat.hways are poorly

understood but involve both vagal and sympathetic fibres.

Solids which cannot be broken down Lo a sufficiently
small size are emptied from the stomach by a different
mechanism. A distinct cycle of electromechanical activity,
which begins in the proximal stomach and migrates distally,
occurs approximately every L20 minutes in the fasting state

in both dogs and humans (Code and l"larlett , L9751 . This

cycle which is composed of four phases is called the

migrating motor complex or interdigest,ive myoelectric

complex. Phase I is a period of motor inactivity with only

rare acÈion potentials or cont.ract.ions and lasts 45-60

minutes. During phase 2 there are int,ermiÈtent peristaltic

contractions thab increase in frequency and amplitude over a
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30-45 minute period. Phase 3 lasts approximately 5-15

minutes and is characterised by intense bursts of regular

action potentials and conLractions that appear with every

pacemaker potential. In the fasting state the pylorus

remains open as a phase 3 interdigestive contraction

approaches and the contraction s\¡reeps indigestible solids

out of the stomach. Phase 4 is the short transition period

between the vigour of phase 3 and the inactivity of phase 1.

Inco-ordination of any or all of these factors involved

in solid and liquid emptying can lead to delay in gastric

emptying. Àlthough delayed gastric emptying of liquids or

solids may be one of the mechanisms that predisposes tc
gastro-oesophageal reflux by increasing the volume of the

gastric contents available for reflux into the oesophagus,

investigation of this relationship have been conflicting.
Behar and Ramsby (1978) found normal liquid emptying in

patients with reflux oesophagitis but antral contractitity

and cumulative antral activity \"rere observed to be

decreased. BaIdi et al ( I98I ) found delay of liquid

empLying in patients with oesophagitis. Other studies

(lvlcCallum et â1, 1981; Donovan et al, L977 ) reporte,il mixed

solid/Iiquid meals were significantly delayed in such

patients but were not able to descriminate between solid and

liquid emptying. Little et aI (1980 ) documented solid
gastric emptying in a group of 50 patients with pH probe

documented reflux 26 wit.h endoscopic evidence of
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oesophagitis and 24 without. They reported that patients

with oesophagitis as a group had delayed emptying. Patients

wiÈhout oesophagitis did not have significantly delayed

emptying although their data suggests that some patients in

this group probably fell out.side their normal range. A poor

correlation between sympt.oms such as nausea and vomiting and

delay of gastric emptying as been reported in such patients
(McCallum et af, 1981). Whether delay in gastric emptying

in the presence of gastro-oesophageal reflux is a primary or

secondary phenomenon remains to be determined.
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2 3 ASSESSTIIENT OF GASTRO-OESOPEAGEAI. REFLT]X A¡ID I]PPER

GASTRO-INTESTIITAL MOTILITY .

( i ) SYMPTOMS

The reflux of gastric contents into the oesophagus is a

common event probably occurring daily in normal people

(Dodds et. â1, 1982). Such reflux does not cause symptoms.

On the other hand, even in normal people, reflux of gastric

contents into the oeso.ohagus does cause symptoms sometimes

(Richt.er and Castell , L982). Recent reviews of the subject

have emphasised that. many factors are involved in the

developmenÈ of symptoms from gastro-oesophageal reflux
(Dodds et aI, 1982). The severity of symptoms bears little
relationship to the degree of inflammation of the oesophagus

as assessed endoscopicalty and/or histologically. A1so,

just as endoscopy diagnoses some patients as having

oesophagitis who do not have histological confirmation of

this, occasionally it diagnoses some patients as normal who

do have histological evidence of oesophagitis (Breen and

Whelan , L978 ).

The patient's symptoms will usually lead the clinicÍan
to diagnose the oesophagus as the origin of the problem and

in typical cases a diagnosis is not, difficult to make.

Nevertheless, one cannot rely solely orì symptoms. In one

report of pat.ients having anti-reflux surgery on the basis

of their symptoms, operation worsened their condition.
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Further investigation indicated that motor disorders such as

primary diffuse spasm and achalasia were the real basis of

their problem (Leonardi et. al, 19Bl). However, it seems

that in practice clinical decisions are rea1ly made on

whether or not the patient has significant and serious

symptomatic heartburn (DeMeester et, al, L974) . Such

statements avoid the question of whether the symptoms are

due to reflux in the first place and also tend to ignore two

important features of symptoms vis-a-vis reflux. The first
is that, severe oesophagitis, even causing stricture
formation, can occur whilst the patient remains totally
asymptomatic (Skinner , 1966¡ Leigh CoIlis, 1966 ) . In

similar fashion, others have found a lack of correlation
between objective assessments of oesophagib.is with endoscopy

and histology, and severity of patients's symptoms

(DeMeester et , L976¡ Henderson, 1980). the actual amount

of reflux which occurs similarly failed to correlate with
patient I s symptoms (Irloodward, 1970 ) .

O1der methods of classification such as the Visick
Classification are unsatisfactory and techniques such as

analogue scoring are perhaps more useful (Kiroff et al,
1984 ). The best met.hod of scoring may be found in

combination analogue scoring (deDombal and HaII, L979). In

this method, several different sympt.oms are taken and graded

on an analogue scale for severity, the points are then added

or multiplied giving an overall grading of the severity of
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the disease. Several authors have used this approach with

different numbers of symptoms for their scoring. For

example Moran et aI used 4 symptoms with a maximum score of

10 ( 1971) , De ltleester and Johnson used 2 symptoms with a

maximum score of 6 (DeMeester et â1, L974)t and Henderson

used 9 symptoms with a maximum score of 14 (1976). There is

general agreement that a complication of reflux such as

overt bleeding or stricture formation should be given a

maximum score. In large series of patients it is apparent

that the commonest symptoms of reflux are heartburn,

regurgitation and dysphagia, and these may be the most

important symptoms to record. Hendersonrs suggestion that
duration of symptoms should also be recorded is a reasonable

one.

( ii ) RADTOLOGY

Radiological methods of investigation have played an

important role in defining the structure and function of the

oesophagus. The conventional barium swallow has provided a

standard means of diagnosis of hiatal hernia and is useful

to exclude other diagnoses such as peptic ulcer disease or

to identify possible complications of chronic refluxr €.9.

Barrettrs oesophagus. This test is available using a single

or double contrast t.echnique (Stewart, L981).

Cine-radiography or fluoroscopy after gastric loading

with barium provides a simple method for assessing gastro-
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oesophageal reflux that can be incorporated into a barium

mea1. The weakness of this test lies in the fact that many

patients with gastro-oesophageal reflux show no

abnormality. Kantrowitz et aI (1969) compared the pH reflux
test with radiological t.echniques in 29 subject.s. In this
study the radiologist was either unable t.o demonstrate

reflux at all or identified it less frequently than the pH

electrode in the five tests positive for reflux.
Furthermore, Ritcher and Castell (I982 ) found that
fluoroscopy had an average sensitivity of 40t and

specificity of 85t. Attempts to increase the sensitivity of

radiography with the acid barium (Donner et â1, 1966) and

water syphon tests (Linsman, 1965 ) have been

disappointing. The water syphon test is largely
unsuccessful because the lower oesophageal sphincter

normally relaxes during swallowing and thus a high

percentage of normal subject.s will reflux (Crummy, L966).

the use of acid barium (pH 1.7) in an abtempt to combine an

acid clearance test with a normal barium swallow $ras also

unsuccessful (Benz eE a1, 1972). They discovered a large

variation in individual oesophageal sensitivity with 62\

false positive and 40t false negat.ive results.

Fluoroscopic observation of oesophageal motilit.y has

been available for many years. Cine-radiography, if
properly performed, (WoIf and KhiInani, L966¡ Stewart, 1981)

compares favourably with oesophageal manomet.ry, and may be
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used to provide functional information about the

oesophagus. Concurrent recording of intraluminal pressures

and x-ray appearances allow recognition of motor events

visually and more confident interpretat.ion in light of

simultaneously recorded pressure events.

Radiological procedures are of use in investigating

anatomical hiatus hernia and to a lesser degree reflux.

Primary motility disorders such as achalasia may be very

obvious or quite subtle with the characteristic oesophageal

dilation becoming more prominent as the disease

progresses. Diffuse oesophageal spasm usually needs

manometric conf irmation .

Secondary motility disorders associated with gastro-

oesophageal reflux such as those encountered in systemic

lupus erythematosis, Raynaud's disease; dermatomyositis and

scleroderma may be elucidated radiologically.

( iii ) I{ANOIqETRY

a. Gastro-oesophageal

The earliest studies of oesophageal motility were done

by Kronecker and Meltzer in 1883 using balloons. Fyke et al
(1956 ) firsÈ identified the lower oesophageal sphincter

manometrically and in L957a, Atkinson et, al noted the

correlation between low lower oesophageal sphincter pressure
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and gastric reflux. In the first years of Lhis new mode of

investigation water filled, non infused catheters were used

but t.hey were not accurate enough t,o allow distinction of

subjects with normal sphincter pressures from patients with

severe reflux symptoms.

In the 1960's Pope (L967) developed an infused catheter

system and found a clear separation between controls and

reflux patien'bs on the basis of lower oesophageal sphincter

pressure. Later and larger studies had success to a lesser

clegree and revealed considerable overlap between normal

subjects and those with reflux (Vtinans and Harris, L967 ) .

In their review Richter and Cast,ell (L982) concluded that
poor sensitivity ( 58t ) but good specificiÈy ( 84t ) was

obtained if a lower oesophageal sphincter pressure less than

l0 mmHg was used to distinguish between normal and refluxing
patients. Thus a single value had little diagnostic value

unless it resides at one end of the spectrum.

At t.his time there were two general methods f or

recording resting lower oesophageal sphincter pressure. The

first introduced was the station pul1 through technique in

which the recording sensors were intermittently withdrawn

across the lower oesophageal sphincter in 0.5 to I cm

increments. A pause of 20 seconds or more was made at each

station. As a result, the pressure curve obtained was

stepped and had respiratory oscillations at each step. The
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oscillations were probably attributable to movement of the

lower oesophageal sphincter relaÈive to the cat.heÈer system

and bear little relation to pressure changes extrinsic to

the oesophagus. ltlany scoring methods have been used (e.g-

peak pressure, mean pressure, highest minimum pressure) but

they were associated with considerable inaccuracy due to the

pressure oscillations. The rapid pull through technique was

performed by continuously (hand or motor) withdrawing a

pressure sensor at the rate of 0.5 to 1.0 cm per second

across the lower oesophageal sphincter with the patient's

breaÈh held. This latter procedure was simpler, saved time

but r,{as f ound to give values which seemed to have a much

higher co-efficient of variaÈion than pressures recorded

using the slow pull through technique (We1ch and Drake'

1980)

In L979 Hay et aI reassessed the reproducibility of

lower oesophageal sphincter pressure as measured by the

station pull through technique. Values obtained from time

to t.ime on the same day showed good reproducibility (r =

0.88) but $rere poorer (r = 0.74) from day to day. They

concluded that measurement of lower oesophageal sphincter

pressure as recorded by station pul1 through was more

reproducible using a water infused catheter system and

pointed out the enormous variation encount.ered if different.

recording systems are compared. In a comparison of station

puII through and rapid puII through methods lfelch and Drake
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(I980 ) found that the

significantly more than

also recommended as the

through pressures.

rapid puI1 through method varied

the former. Peak pressures were

easiest way to score station PuIl

According' to Dodds (1976a) the fidelity achieved in

recording oesophageal pressure waves \{as inversely related

to the wave amplitude and directly rel-ated to wave

duration. When using infusion manometry the fidelity $/as

related to the infusion rate and inversely proportional to

the total complicance of the system, the major source of

error. Understanding of these facts led Arndorfer et aI

(L977 ) to'inÈroduce an improved catheter infusion system in

order to correct the excessive compliance of the then

conventional syringe pumps. In order to achieve a

reasonable degree of recording accuracy infusion rates of

approximately 6 ml,/min had been required. The new system, a

minirnally compliant hydraulic capillary infusion system

enabled infusion rates of less than I ml/min.

In L97L, Kaye and Showalter demonstrated t'hat the

manometric tracing from a continuously perfused side hole

catheter was greatly influenced by the orientation of the

recording opening within the lower oesophageal high pressure

zone. The problem posed by an asymetric lower oesophageal

sphincter was solved by Dent (L976), who proposed a solution

in the form of a 5 cm long perfused sleeve. It provided a
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Techniques of oesophageal manometry have greatly airled

the understanding of normal and diseased oesophageal

function. This investigation provided information about the

length, location and pressure of the lower oesophageal

sphincter. In addition it measured the speed and amplitude

of the peristalt.ic vüave and also its timing with sphincter

opening. As such manometry has been used to screen for

abnormalities of the lower oesophageal sphincter and in

excluding other conditions such as achalasia, scleroderma or

oesophageal spasm. This investigation may also provide a

guide to the location of the lower oesophageal sphincter so

that a pH electrode can be posiÈioned in order t.o conduct

other oesophageal function tests.

In the clinical field, however, considerable debate has

arisen concerning the usefulness of manometric techniques.

Pope (1981) concluded that the intrinsic variabilit.y of the

Iower oesophageal sphincter and the inaccuracies of

recording techniques make pressure measurements useless

unless they are at an extreme. On the other hand, Castell
(L982 ) considered this investigation of relevance in

evaluating patients with reflux oesophagitis and in
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assessing the potential for acid reflux in a clinical
setting.

Meshkinpour et al (1982) stated that manometry is of

benefit t,o patients with chest pain, dysphagia and those in

whom achalasia is suspected but is of Iittle benefit in

patients with chronic heartburn. It was also noted that the

clinical diagnosis was changed as a result of manometry in

only 68 of the patients and the treatment altered in only

4t. ltfanometry can be of use ín a clinical setting if its

use is restricted to a carefully selected group of

patients. Inability to demonstraÈe a high pressure zone at

all in a patient is probably highly significant and any such

patient can be presumed to have gastro-oesophageal reflux

until proven otherwise. However r âny value of lower

oesophageal pressure above zero has some predictive value of

the likelihood for reflux occurring but tells nothing about

the actuality of reflux.

b. Antropyloroduodenal

The antropyloroduodenal region although easily defined

anatomically provides considerable problems to assess

functionally. the pylorus has been alleged to have a

resting pressure by some workers (Fisher and Cohen, L973¡

Valenzuela et aI, L976; Brink et aI, 1965; Ehrlein' 198I;

Pantoja et â1, L979) while others have been unable to

demonstrate a resting tone (At.kinson et aI, 1957b; Andersson
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and Grossman, L965i Kaye et aI, L976a; McShane et â1, 1980;

lVhite et al, I981) . The dif f icult.ies in interpreting these

divergent findings of antropyloroduodenal manometry probably

can be explained by two fundamental factors, the inadequacy

of the recording systems used (Winans , L976), and

insufficient periods of recording (Vantrappen et â1,

1-977 ) . The mainstay of manometric measurement of this
region has been a side hole perfused manometric system,

utilising a station pull through technique to identify the

pyloric pressure (Fisher and Cohen, L973¡ Kaye et â1,

L976a). Others (Andersson and Grossman, 1965) have used a

water filled balloon drawn across the pylorus. Both

techniques have methodological problems similar to those

encountered in assessment of the lower oesophageal sphincter

prior to the introduction of the Dent Sleeve (Dent, 1976).

Further the cyclical changes seen in the interdigestive

motor complex make short term recording of the pylorus an

unacceptable method of assessment. It may well be that all
patterns current.ly observed in the pylorus existed in any

one subject and their appearance depends on the phase of the

interdigestive motor complex or hormonal status of the

subject. !{hatever the answer this area of enquiry remains

in its infancy.
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(iv) pH STUDIES

Acid perfusion test
In 1958 Bernstein and Baker introduced the acid

perfusion test as a means of be'hter def ining the cause of

typical symptoms of oesophagitis and in particular to

distinguish between pains of cardiac and oesophageal

origin. In this test 0.9t NaCl was administered at a rate

of 6-7.5 ml,/min for 15 to 30 minutes. Without the knowledge

of the patient the test soLution (O.IN HCI) was given at the

same rate. The test was considered positive if the HCI

caused pain, burning or other persistent symptoms of that

nature. Sensations experienced should stop soon after
cessation of acid administration. Bernstein found 9 out of

10 patients with endoscopically demonstrable oesophagitis

had positive results and that 20 out of 2L patients without

history or endoscopic findings of oesophagitis had negative

findings. These results imply an excellent sensitivity and

specificity. The acid perfusion test has little application
to phenomena other than re.flux, for exampler Do correlaÈion

with hiatus hernia has been found (Skinner and Booth, 1970).

Subsequent studies (Benz el â1, L972; Skinner and

Hendrix I I972) have brought into question the high

specificity observed by Bernstein when a number of

asympt,omatic patients were found t,o have an acid sensitive

oesophagus. For example, in L976, Behar et. aI found that
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the acid perfusion test was positive in 88t of patients with

chronic reflux symptoms but was also positive in 15t of

normal subjects. In yet another study (Skinner and Booth,

1970) 100t of symptomatic subjects had positive results and

148 of asymptomatic subjects had positive results. Another

problem was t.he incidence of false positive results in

symptomatic patients without refl-ux. For the above reasons

the acid perfusion test seemed of litte use in diagnosis of
gastro-oesophageal reflux and should be confined to

determining if a patient's oesophagus is symptomat,ically

sensitive to acid. If reflux can be demonstrated, for
example with the pH reflux test then there is a high

probability that sympb.oms observed are due to gastro-

oesophageal reflux.

Acid clearance test

The ability of the oesophagus to clear itself obviously

plays a role in the prevention of prolonged gastro-

oesophageal reflux. Booth et aI (1968) first introduced the

acid clearance test. Skinner and Booth (1970) have also

suggested the value of the acid clearing Èest. in

discriminating between patients with or wit.hout vis ible
oesophagitis by oesophagoscopy. In their paper 70t of

paÈients with visible oesophagitis and 36t of patients

without visible oesophagitis had abnormal acid clearance.

In L976 Krejs et al concluded that acid clearance was the

best test to diagnose gastro-oesophageal reflux. Two years
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Iater KjeIIen and Tibbling (1978), and others (Sonnenberg et

al, L982; Helm et âI, 1984) proposed that the outcome of the

acid clearing test was dependent on salivary production, the

state of Èhe oesophageal musculature and body position
(supine or upright).

The presence of acid in the oesophagus has been

implicated in the production of motor abnormalities in
people who have significant gastro-oesophageal reflux
(Stanciu and Bennett, L974al. Since efficient, peristalsis

initiated by swallowing is important if normal clearance is

to be achieved, the presence of acid may slow oesophageal

clearance. Alternatively, motor defect.s may lead to greater

acid exposure worsening the inefficient peristalsis in a

positive feedback fashion.

One of the deficiencies of this test lies in the fact

that the pH probe records the pH in its immediate vicinity

but has no meÈhod of distinguishing between small and large

acid volumes (Dodds et âI, 1981). While attractive in its

simplicity, this test. does not appear to be presently

worthwhile performing in the assessment of patients.

pH reflux test

Imprecise correlation between manometry results and

abnormal gastro-oesophageal reflux has led to attempts to

demonstrate reflux directly. the pH reflux test first
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introduced in 1958 by Tutt1e and Grossman has been widely

used and provides a rday of directly and qualitatively

measuring gastro-oesophageal reflux even if the tube system

alters the normal physiologic state.

In general, the test features gast.ric loading with

approximaÈely 300 ml of 0.1 n HCl and positioning of a pH

probe 5 cm above the manometrically localized lower

oesophageal sphincter. If no spontaneous reflux occurs the

subject then undergoes a number of manoeuvres (e.9.

coughing, Valsalva and Muller) to reduce lower oesophageal

sphincter pressure and any reflux events are recorded. A

decrease in oesophageal pH to less than 4 on at least 3

occasions is considered to evidence gastro-oesophageal

reflux,

In its original form the acid reflux test had a number

of false positive and negatÍve results. To reduce these,

Skinner and Boot.h (1970) developed the standard acid reflux

test (SART) in which the number of drops in pH and the

proportion of the study during which oesophageal pH is less

than 4 are combined into a score ranging from 0 to 3+. Zero

and 1+ are values considered consistent with normal

oesophageal function. In their study, from 91 normal

sub jects a f alse positive rat.e of 2.2t was f ound. The

resuLts of their tesÈ correlated significantly with

radiographic and symptomatíc evaluations of 306 paÈients who
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had some upper abdominal or chest symptoms and/or

hernia.

a hiatal

It is highly probably that false negative tests do

occur in subjects who have intermitt.ent reflux present on

the day of testing (Ismail-Beigi et aIr 1970) but Èhis

cannot be detected efficiently unless 24 hour pH monitoring

is used.

In L972, Benz et aI found thaÈ 26 out of 29 symptomatic

pat.ients refluxed acid into the oesophagus as defined by

their test. Twenty out of twenty one asymptomatic subjects

had no demonstrable reflux. These results implied an

excellenL sensitivity (89t) and specificity (95t). They

al-so compared radiological evidence of reflux (acid barium

swallow) with the pH probe. The pH reElux test was positive

in 27 subjects but only 16 were seen to reflux during

radiological examination. In a later study Thurer et al
(I974 ) scored patients for symptoms of heartburn'

regurgitation, dysphagia and bleeding with a total range of

0 to L2. Seventy five per cent of strongly symptomaÈic

paÈients (scores great,er Èhan 4) showed abnormal reflux

during the SART. Of the 63 asymptomatic subjects 13t had

abnormal reflux. These figures are less favourable than

t.hose of Benz et a1 0972). FurÈher evidence support.ing the

data of Thurer et aI (L974) was provided by Richter and

Castell (1982) who reviewed a number of studies. The acid
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reflux test had an overall sensitivity of 84t and a

specificity of 83t.

The pII

compleLe and

reflux test is simple, takes about 60 minutes to

has acceptable sensit.ivity and specificity buÈ

intubation and special equipment. It is not ait requires

first line investigatÍon.

24 hour pH

The logical extention of studies designed to induce

reflux in patients suspected of having gastro-oesophageal

ref lux r,vas to actually measure naturally occurring ref lux

events. This is achieved initially by placing a pH probe

into the distal oesophagus and leaving it in position for 24

hours (Johnson and DeMeester, L974). During this time the

patient hras able to have a normal d.iet, sit and 1ie down as

required. The disadvantage was that measurements required

the patient to be connected to a recording instrument which

was usually bulky and restrict.ed movement. Þlore recently

this problem has been overcome by modern technology in

developing ambulent 24 hour pH systems (Weiser and Siewert,

L982; Breedijk and Akkermans, 1984). These still require a

pH probe to be inserted but the recording device can be worn

on a belt. This not only enables the patient to go home and

enjoy a normal diet, but also to reproduce normal activity

which may include bending or sÈraining.
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Studies in a large number of controls has lead to a

normal range for 24 hour studÍes being developed (DeMeesÈer

et â1,1980). It is stated that if more than 4t of the 24

hour period has a pH of less than 4 then the patient lies

outsi,ile the normal. Prolonged pH monitoring has been found

to have the best sensitivity (88t) of any clinical test of
gastro-oesophageal reflux as well as excellent specificity
(98t) (DeMeester et a1, 1980; Richter and CasteIl, L982).

This invest.igation may offer the current "gold standard" in
assessment. of gastro-oesophageal reflux however it. is not

always well tolerated by patients and relies on patients

accurately recording their food consumption over the

period. It may be particularly valuable in patient,s wíth

atypical symptoms or in patients who have clear cut symptoms

of reflux but in whom other studies have failed to show any

object.ive evidence of reflux.

(v) RADIONUCLIDE TECHNIQUES

Oesophageal

Although radiography and endoscopy provide accurate

anatomic information about the oesophagus and manometry

defines its motor functions, they all induce a change in the

normal physiological state. Manometry and endoscopy require

introduction of foreign bodies and radiography uses a

foreign mat.erial such as barium as a test medium. For these

reasons, the techniques of radionuclide labelled substances
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to assess oesophageal function was first introduced by Kazem

(L972). The new investigation was called a

"radioesophagram" and it ent.ailed patients drinking 0.5 I
mCi 99mt. pertechnetate dissolved in a total volume of 10

20 ml- water or tea. During passage of the fluid bolus from

the mouth to the sÈomach a gamma camera linked to a computer

\{as used t.o digitally record positional information about

each event. It was found that a t.ime delay of I 2 seconds

occurred in the vicinity of the aortic arch and the lower

third of the oesophagus produced a delay of about 5

seconds. Kazem also applied his test to patients with

mechanical or functional obstruction of the oesophagus and

hence started to define Èhe t,ypes of abnormality this test
can detect.

Four years lat.er, Fisher et al (L97 6) evaluated a

similar technique in 30 patients with heartburn and a

positive acid reflux test in 20 normal subjects. One

hundred micro-Ci 99*T"-=otphur colloid was diluted with

isotonic saline and inst.illed into the stomach using a

nasogastric tube. The gastro-oesophageal pressure gradient

was increased using an abdominal pressure cuff in 5 mmHg

steps from 5 to 35 mmHg with a 30 second scintiscan being

taken at each level. If no reflux was demonstrated the

procedure was repeated using acid instead of saline. A

gastro-oeophageal reflux index vras calculate,il which was an

expression of radioactive counts over the oesophagus as a
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percentage of gast.ric counts. A reflux index value of 4t or

greater enabled visualisation of the oesophagus. The

patients with gastro-oesophageal reflux were also

investigated using conventional methods, namely barium

oesophagography , f.Iuoroscopy, oesophagogastroscoPY,

fluoroscopy, oesophageal biopsy, acid perfusion testing and

oesophageal manometry. Scintiscanning detected reflux in 90

t of patients, a greater sensitivity than any of the above

tests. Ten per cent of normal controls exhibited reflux

only at the highest gastro-oesophageal pressure gradient

after the instillation of acid. However, such a technique

still suffers from the non-physiological increase in

abdominal pressure. This test. is semi-quantitative only and

such fact.ors as a hiatus hernia and poor oesophageal

emptying will undoubtedly influence the result.

The excellent sensitivity and specificity found by

Fisher et aI (L976) was challenged by Hoffman and Vansant

(L979) who obtained positive results in only 4 out of 29

ref lux pat.ients. lvlore support. f or the sensitivity of this

new investigation has been provided (Rudd and Christie,

L979; Malmud and Fisher' 1981) and it is now considered a

viable met.hod of quantitating gastro-oesophageal reflux and

oesophageal transit. Later, lvlenin et al (1980) attempted to

determine t,he utility of scintiscanning in predicting which

patients would benefit from anti-reflux surgery. A linear

relationship was found between Èhe gastro-oesophageal reflux
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index and the severity of clinical symptoms as assessed by a

symptom score (r = 0.7). The reflux index was greater than

10t in all patients with severe clinical symptoms and in 11

out of 12 patients who underwent anti-reflux surgery. Since

the reflux index is a measure of oesophageal clearance as

well as the quantity of reflux, it reflects the contact time

betwen refluxed gastric contents and the oesophageal

mucosa. It is not suprising that this could correlate with

symptomatic severity.

In L979 Tolin et al used scintigraphy to quantitate

oesophageal transit in a tot.aI of 62 normal subjects and

patients. Subjects ingested 150 micro-Ci of 99*T"-=olphur

colloid diluted in 15 ml HzO in a single swallow. Swallows

were performed repeatedly for the next I0 minutes at t5

second intervals. Transit after a single swallow was

determined by count,ing the oesophageal activity at I second

intervals for 15 seconds after maximal activity occurred.

The rate was defined by the following:

Ct = Emax Et x 100

Emax

where Ct = t oesophaeal transit at time tr E max. = maximal

count rate in the oesophagus, Et = the oesophageal count

rate at time t. They f ound t.hat patients with motor

disorders of the oesophagus such as achalasia, scleroderma

and diffuse oesophageal spasm had significantly slower

oesophageal clearance.
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Russell et aI ( 1981b ) assessed oesophageal motor

function in 19 patients with symptomatic gastro-oesophageal

reflux both before and three months after anti-reflux

surgery (Hill repair). As a result of operation the mean

lower oesophageal sphincter pressure was raised from 8.6

mmHg to 18.5 mmHg. Att.hough no patient had postoperative

reflux, radionuclide transit demonstrated the persistence of

oesophageal motor dysfunction in 522 of patients. This

disorder may have been of a primary nature pro,ilucing delayed

oesophageal clearance and with time, the reflux symptoms

patients experienced. In a separate study by Holloway et al
(1983 ) oesophageal emptying was evaluated in order to

quantitate the results of therapy in 29 achalasic

patients. Because symptoms have largely been used as

criteria for assessment of treatment, the results of

radionuclide transit studies were compared with the findings

of graded symptoms scores as well as lower oesophageal

sphincter pressure. Percentage changes in oesophageal

emptying and. lower oesophageal sphincter pressure before and

after treatment were significantly correlated (r = 0.76, p <

0.01 ) . Comparison of oesophageal emptying and symptom

scores yielded a correlation coefficient of 0.70 (p <

0.05). Although significance levels were achieved, it was

not possibte to establish a level of improvement in emptying

rates which would precisely predict eventual success in the

individual patient. Thus, the usefulness of this test in
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follow-up of achalasic patients is not clearly established.

Scintiscanning is the most sensitive non-invasive test

for the presence of reflux. In comparison, roentgenographs

are not quantitative and require a much greater radiation

burden. Cine oesophagraphy has a low sensitivity ( it

detects only 2/3 patients with reflux), exposes t.he pat.ient

to more radiatidn and the density of the barium used may

influence its passage down the oesophagus. The only test

matching scintigraphy with respect to sensitivity is 24 hour

pH reflux test, but the latter requires intubation and hence

disruption of the normal physiological state. Although not

widely utilised as a method of investigat.ion of oesophageal

transit, radionuclide techniques have many advantages over

other standard tests and therefore have a promising future.

Gastric

Radionuclide techniques in assessment of gastric

emptying in gastro-oesophageal reflux were first reported by

Donovan et aI in L977. Since then a number of studies have

reported delay of solid or liquid emptyíng in such pat.ients

(Csendes and Henriquezr 19TS; Baldi et. aI' 1981; Velasco et

a1, L982; Ir{cCallum et â1, 1981) . The methods used have

utilised radionuclide labelled solid' liquid or mixed meals

adminisÈered to patients in either the supine or upright

position. The test requires no intubation or injection

which not only creates a more physiological assessment but
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overcomes

st,ressf ul

Ir{uch ,itebate on the use of these tests has centred on

the marker used. Meyer et aI Q976) demonstrated that the

use of 5Ic. as a solid marker in the presence of non-

labelled liquids (or gastric secretion), as used in the

study by Griffith et aI (1966) is not an accurate marker of

the solid phase, because of the considerable dissociation of

nuclide into the liquid. Conversely 51Ct as a liquid marker

may be absorbed onto solid food components (Heading et â1,

I97I). The use of 99*T.-"olphur colloid (Meyer et â1, Lg76)

Iabelled chicken liver overcame the problems of loss of

marker to the liquid phase and has become the accepted

technique for solid emptying studies. Some other digestible

solid markers such as 99*r.-"gg (ùlalmud et 41, l-g82; Velasco

et al, L982 ) have a high labelling efficiency which is only

slightly less than in-vivo labelled chicken liver. The

liquid component of a meal may be studied on a separat'e

occasion to the solid meal or by utitising an isotope of

markedly different. energy (e.g. I13*r.r), studies can be

perf ormed simultaneously ( Iteading et aI, L976) . To dat'e

such a simultaneous study has not been applied to patients

with gastro-oesophageal reflux. Although mixed meals have

been used (McCallum et â1, 1981) no specific solid or liquid

marker was used.

the alteration in

stimuli (Thompson

gastric emptying associated with

et aI, 1983 ) .
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The clinical significance of these studies to patients

with gastro-oesophageal reflux remain in debate (Heading,

L982; ùlinami and ltcCallum, 1984 ) but they may of fer a

rational basis for intervention aimed at improving gastric

emptying when such a delay is found.

(vi ) ENDOSCOPY

!{inkelstein (1935) was able to make his observations

Ieading to the paper "Peptic oesophagitis a new clinical
entityÍ because he was able to view the oesophageal mucosa

through an oesophagoscope. The usefulness of endoscopy was

not really established until later however. For example,

Boros in 1953 examined 50 patients with a flexible

oesophagoscope and found only 3 instances of oesophagitis.

Siegel and Hendrix (1963) were among the first to try and

place the assessment of reflux on a scientific footing.
they graded oesophagiÈis endoscopically as Q = normal, 1* =

reddening of 'Ehe mucosa , 2t = granulariÈy and./or f riability
of the mucosa. They found that 20 of their 25 reflux
patient.s had endoscopic evidence of oesophagitis but so did

5 of their 10 control patients. Others have since also

founrf that endoscopic inflammation (usualIy regarded of

minor degree) can be diagnosed in patienÈs subsequently

thought to be normal (Breen and Whelan, 1978). The opposite

also occurs with endoscopy. Palmer (1954) first pointed out

that histological changes of oesophagitis could occur in the
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face of normal endoscopic appearances.

Encloscopic classifications of oesophagitis have been

proposed by many authors (Dagradi, L9677 BeIsey and Skinner'

L972; Savary and I'tiller, L978¡ Kobayashi and Kasugai L974¡

Allison, I972).

AlIison et aI (L972) in his classification included

elements which related to management (e.9. dilatation) and

operation (e.g. the presence or absence of mediastinal

involvement). Nevertheless, he introduced into the

endoscopic classification the distinction between a wholly

squamous lined oesophagus with inflammation in the squamous

part and a columnar lined oesophagus with inflammation in

Èhe columnar epithelium.

Different endoscopists view similar lesions differently

but there does seem to be some general agreement. First,

that, endoscopy underestimat.es the histological changes of

gastro-oesophageal reflux, and second that erythema alone

represents the least degree of endoscopic oesophagitis, that

ulceration indicates a more severe degree, and that fibrotic

stricture formation represents the worst degree.
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(vii) HISTOLOGICAL ASSESSMENT

In an autopsy series of 2L3 patients Butt and Vinson

established that oesophagitis was not a post mortem

phenomenon and divided cases into acute and chronic

oesophagitis on the presence of absence of acute

inflammatory ce1Is (1936). Use of the oesophagoscope offers
the opportunity to take biopsies and examine the histology

of the mucosa (Behar et aI, 1976). Some, however, consider

such biopsies to be too sma1l ( Ismail-Beigi and .Pope,

L974). As a result. other techniques have been developed

such as the Rubin suction biopsy tube and the Quinton

hydraulic tube. The effectiveness of the latter techniques

may be impaired by the presence of thick mucus in the

oesophagus (Ismail-Beigi and Pope, L974¡ Ismail-Beigi et al,
1970). In L974, Ismail-Beigi and Pope found that in general

reflux lesions are randomly distributed over the dÍstal I cm

of the oesophagus. this fact reduces the need for'accurate

Iocation of a biopsy site using manometry if multiple
biopsies are taken.

Before an appreciation of the histology of oesophageal

reflux can be obtained a brief review of normal histology

should be undertaken. The stratified non-kerat.inised

epit.helium of the human oesophagus has three layers: basal

(strat.um basale), polygonal or prickle (stratum spinosum and

granulosum) and the functional or protective layer (stratum
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corneum). Beneath the epithelium lies loose connective

tissue (lamina propria) and Èhen a thin layer of smooth

muscle (muscularis mucosa). Deeper still lie the sub-

mucosal and muscle layers.

The histotogical criteria of reflux oesophagitis came

to note when Lodge made the first attempt to infer

relationships between the gross and microscopic appearances

of oesophagitis in 1955. In the same year Palmer first

described hyperplasia of t.he basal layers and concluded that

the presence of sub-epithelial accumulations of lymphocytes,

plasma cells and occasional neutrophils indicated

oesophagitis. According to these criteria many patients

with symptoms of reflux had no histological evidence of

inflammation. In addition biopsy specimens from normal

controls showed inflammation on occasion. Subsequent study

and re-evaluation of the histological criteria by Ismail-

Beigi et al (1970) yielded a better correlation between

reflux symptoms and histological findings. The new criteria

suggested were extension of the papillae more than 2/3 of

the vray towards the epithelium (> 15t of the thickness of

Èhe epithelium). Round cell collections in the lamina

propria $¡ere considered normal. Neutrophils were not found

in specimens from the heartburn group. Using these crit,eria

85t of subjects with reflux had abnormal histol-ogy and 90t

of controls had normal biopsy results. Subjects with reflux
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were separated from control subjects when 2 or more abnormal

biopsies were taken.

The established criteria were brought into question to

some extent when a study by Weinstein et al (L975) found

that 57t of biopsies obtained from the distal 2-5 cm of the

oesophagus in asymptomatic subjects exhibited basal ce11

hyperplasia and elongated papillae. This group went on to

conclude that t.hese histological criteria are unlikely to be

of significant diagnostic value in a clinical setting.

Similar histological features have also been found in

another study by Behar et aI (L976) in up Èo 30t of normal

subjects.

l4ore recently the presence of a small number of int.ra-

epithelial eosinophils has been found to correlate well with

abnormal acid clearance (as established by overnight intra-

oesophageal pH probe studies ) (I{inter et al, 1982 ) .

Abnormal acid clearance was found in L7 of 18 pat,ients with

intra-epithelial eosinophils indicat.ing a high

specificity. Of 35 patient.s with delayed acid clearance

only L7 had intra-epithetial eosinophiÌs and hence this

marker has a low sensitivity. Because intra-epiÈhelial

eosinophils were present in patients wit.h prolonged acid

clearance times in all age groups ( including children under

2) it has been suggested that this may be an early lesion.

In older patients the presence of eosinophils in greater

number implies reflux of greater duration and./or severit.y.
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2 .4 TREATTIIENT OF GASIRO-OESOPHAGEÀI, REFLUX

( i ) I4EDICAL

Broadly medical management can be divided into

physiological, dieLary and pharmacological. All are capable

of providing excellent symptomatic and objective improvement

in gastro-oesophageal reflux.

Physioloqical Treatment

In essence the advice is simple. Regular meals 3 times

a day and weight reduction are recommended (Richter and

Castell,1982) although it should be noted that no study has

proven the relationshi.o beÈween gastro-oesophageal reflux

and obesity (Beauchamp, 1983). The last meal of the day

should be taken some hours before going to bed. Elevation

of the bed head 6-9 inches has also been shown to be of

benefit in reducing reflux events (Johnson and Del{eester,

1981). Common sense also would require avoidance of undue

bending or straining if this was associated wiÈh symptoms

Dietar Thera

Certain food types are well known to aggrevat.e gast.ro-

oesophageal reflux primarily through reducing the pressure

in the lower oesophageal sphincter. Such foods as fats'

chocolate, alcohol and carminat,ives (Nebe1 and Castell,
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1972; Sigmund and McNaIly, L969) have been implicated.

Foods that have a direcÈ irritative effect on t,he oesophagus

such as citrus juices, tomato products and coffee should be

avoided. Their effect may be a pH dependent effect on

inflamed mucosa (Price et al, L978) or it may be due to a

high osmolarity (Lloyd and Borda' 1981)

Coffee may also alter sphincter pressure and augmenÈ

acid secretion (Cohen and Bootht L975¡ Thomas et â1, 1980;

Sa1mon et â1, 1981). Smoking causes a reduction in lower

oesophageal sphincter pressure and should be avoided

(Dennish and Castell I L97I)

Pharmacoloqical Treatment

Antacids have gained wide popularity in the management

of gastro-oesophageal reflux. They act by increasing the

tone of the lower oesophageal sphincter and neutralising the

gastric and oesophageal contents. The studies that show

improvement, bot.h symptomatic and objective, on antacid

therapy have lacked true placebo groups (Graham et aI , L977 ¡

Stanciu and Bennett., I974b). The placebo effect in

management of gastro-oesophageal reflux may be more

important than currently thought. Alginic acid is also

effective in the t,reaÈment of reflux disease, but probably

no better than antacid therapy (Graham et. â1, J-977 I . A

cholinergic agent that increases lower oesophageal sphincter

tone and improves oesophageal acid clearance is
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bethanechol. It has been shown

decrease antacid use and promote

(Farrell et âI, 1974; Thanik et al,

to decrease symptoms ,

healing of oesophagitis

1980 ).

Another agent that acts to increase lower oesophageal

sphincter pressure (l{cCallum et â1, 1975) is metoclopramide,

a dopamine antagonist. Further it has been shown to

increase gastric emptying in gastro-oesophageal reflux

patients (Fink et âI, I983b). Its effect in these patients

has however only been assessed after acute dosager Do data

is available for its long term effect on gastric emptying in

such paÈients. Results of clinical trials have tended to be

inconclusive in regard to its value in chronic aastro-
oesophageal reflux (ÞlcCallum et al' L977; wallin et aI'

L979; Venables et al, 1973 ) . Further at the dosage of 10 mg

four times a day one st.udy (Bright,-Asare and El-Bessoussi,

1980 ) reported one third of patients experienced important

side effects of a neurological or psychological nature.

Histamine Hr-receptor-blocking agents such as cimetidine are

able to decrease gastric acid production. Trials using

Cimetidine have been successful in controlling the symptoms

of refl-ux (Bright-Asare and El-Bessoussi' 1980) and in some

actually leading to significant healing of oesophagitis

(Wesdorp et âI, 1978). llore recently preliminary trials

have been conducÈed with omeprazoLe, a proton pump poison

that produces achlorhydria, (DenÈ et aI' 1984) with
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encouraging results showing relief of symptoms and complete

healing of oesophagitis.

( ii ) SURGERY

Although not accurately reporÈed it is thought 5t to

IOt of patients with gastro-oesophageal reflux will fail to

respond to the best in medical therapy (Richter and Castell'

1982) and progress to anti-reflux surgery. Such surgical

treatment has evolved from correction of hiatal hernia alone

to the modern techniques of constructing an artificial valve

between the stomach and oesophagus (Dillard et 41, 1954;

Donahue and Bombeck, I977 ) . the procedures currently

ut,ilised to prevent gastro-oesophageal reflux include the

Nissen fundoplication (Nissen, 196I ) the HilI trans-

abdominal gastropexy (Hilt, L967) and the Belsey Ùlark IV

trans-thoracic repair (Skinner and BeIsey, L9671. Although

the details of these operations vary, common features exist

and have been proposed as an explanat,ion for their

success. These include securing an abdominal segment of

oesophagus for exposure to the positive pressure environment

of the abdomen, constructing a valvuloplasty to transmiÈ

fundal pressure to the lower oesophageal sphincter and

anchoring the distal oesophagus in order to improve the

efficiency of peristaltic clearance of refluxed maÈeria1

(Bombeck et al, L97L; Delt{eester et al, 1979 t 1981). Siewert

et aI (1973) have shown that the fundoplication responds
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physiologically ín a manner similar to the lower oesophageal

sphincter. However, many examples of post-operative relief

of symptoms without concomitant increase of lower

oesophageal sphincter tone have been report.ed (Hi11, L972¡

Ivloran et âl , 19 71 ; Kat z et al , t.97 4; Bahador zadeh and

Jordan t L975). Further Delvleester et aI (L974) also found

that an improvement in symptoms did not necessarily mean an

absence of abnormal reflux as determined by pH monitoring.

They also found Èhat dysphagia hras a symptom that while

often present immediately post-operatively improved with

time. This may be due to adjustment of a stretched

oesophagus as suggest.ed by DeMeest.er et al (1974, or due to

an improvement in oesophageal function following cessation

of reflux. However Russell et al (1981b) failed to show any

improvement in oesophageal function following a HiII repair

using a radionuclide technique, suggesting that the

dysfunction is a primary one in pat,ients with gastro-

oesophageal reflux rather than secondary to the reflux

itself .

Complicat,ions of anti-reflux surgery are infrequent and

include oesophageal perforation, vascular injury, traumatic

vagal nerve injury, transient dysphagia and the inability to

belch or vomit. The procedures in experienced hands enjoy

an operative mortality ranging from 0.2t to I.6t (Richter

and Castell, 1982 ) . Current understanding of the long term

outcome for surgical treatment of gastro-oesophageal reflux
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is still unclear. Brand et al (L979) found that relief of

heartburn occurred in most patients 5 to 6 years following

surgery. However, comparison of surgical and medical

t,reatments are made difficult by the rapidity of

developments in both fields. The last few years has seen

the emergence of a silicone prosthesis (Angelchik and Cohen,

L979) for the management of gastro-oesophageal reflux. It

does not eliminate hiatal herniation and does not construct

a valve mechanism at the gastro-oesophageal junction.

Samelson et al (1983) have suggested it. acts by interrupting

distraction of the lower oesophageal sphincter by gastric

waIl tension.

The success of such a simple and poorly explained

prosthesis exemplifies the problems in defining the etiology

of gastro-oesophageal reflux. Surgical correction if it is

to be rational requires detailed pre- and post-operative

assessment of all factors implicated in its occurrence such

as lower oesophageal sphincter pressure, oesophageal

emptying and clearance, and gastric emptying. with t,his

knowledge appropriate tailoring of surgery can be

undertaken.
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3.1 lEE OESOPHAGUS

( i ) OESOPHAGEAL MANOII'IETRY

a. Technique

it'lanometric studies were performed using a continuously

perfused 8 channel catheter assembly incorporating a Dent

sleeve (Dent, 1-976) at the distal end. Wit.h the assembly

passed pernasally a side hole was located 2 cm d.istal to the

sleeve to measure intra-gastric pressure. The sleeve itself

was 6 cm long and positioned in the l-ower oesophageal

sphincter. Five centimetres above its proximal end and then

at subsequent 5 cm intervals the remaining 6 side holes were

locat.ed. The assembly was connected to a low compliance

hydraulic-capillary infusion system (Arndorfer lvledical

Specialties, Wisconsin) which perfused each channel at the

rate of 0.5 ml,/min (Arndorfer et âI, L977). The perfusate

used was distilled water. Statham pressure transducers

(Model P23 ID, USA) recorded changes in luminal pressure and

\dere connected to an eight channel Grass Polygraph (Model 7D

Polygraph, Grass Instrument Co, Quincy, MASS, USA).

Manometry records were interpreted by one observer and

intra-gastric pressure was used as a zero reference in the

measurement of sphincter pressures. By utilising the Dent

sleeve a continuous record of the lower oesophageal

sphincter pressure \ùas obtained. The pressure used for
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statistical comparison \âras calculated over a one minute

sample at the end of a 5 minute rest period. This vras

achieved by measuring the lower oesophageal sphincter

preSsure at 5 second inLervals relative to intra-gastric

pressure, but wit.hout regard to the phase of respiration but

excluding swallow waves and from the sum of these

measurements calculating a mean.

was

Èhe

The contracting pressure of oesophageal contract.ions

defined as the mean of the maximum heights achieved by

contracting wave.

Co-ordinaùion in the upper sphincter $ras the percentage

of relaxations of the sphincter occurring with pharyngeal

contractions. Similar1y for the lower oesophageal sphincter

a co-ordinate relaxaÈion was one t.hat occurred with

initiation of a swa1low. Any contraction of the sphincter

during contraction proximally was deemed inco-ordinate.

Relaxation was defined as Èhe percentage of swallows

that achieved complete relaxation prior to contraction. For

upper oesophageal sphincter relaxation it was defined as the

return to intra-oesophageal pressure. For the lower

oesophageal sphincter it was to the return to intragastric

pressure.
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No sedation was used during the studies. However

anaesthetic nasal spray (Xylocaine I0t,
Pharmaceuticals) and lubricating jelly (Xylocaine 2t,
Pharmaceuticals) were routinely used.

local

Astra

Astra

b. Validation Studies

The validity of the manometric recording system has

been well established (Dent, I976¡ Arndorfer et. a1, L977).

However r Do studies have been conducted as to the

reproducibility of the oesophageal manometry from day to

day. To assess this, 16 normal volunteers were studied (10

males, 6 females, median age 34 years, range 2L 69 ) on two

separate days seven days apart. On both occasions standard

manometric assessment $¡as performed. Table 3.1 shows the

results obtained for the group by each variable measured on

each day. A paired 't' test revealed no significant
difference between the results obtained on either day for

the individuals studied. This finding provides a basis for

assuming that manometric findings made on the day of

oesophageal manometry may be anticipated to be present at

the time of subsequent investigations providing they are

performed within some days of the initial investigation.
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TABLE 3.I

MANOIVTETRIC ASSESSI{ENT OF NORMAL CONTROLS ON 2 SEPARATE

DAYS. VALUES ARE I{EDIAN WITH RANGE IN BRACKETS

VARIABLE DAY 1 DAY 2

Upper oesophageal Sphincter

n

Co-ordination (t normal)
Relaxation (t complete)
Resting pressure (mmHg)
Contracting pressure (mmHg )

Proximal oesophagus

Resting pressure (mmHg)
Contracting pressure (mmHg )

Type of contractions:
primary ( t )

secondary ( t )

terÈiary ( t )

Distal oesophagus

Resting pressure (mmHg)
Contracting pressure (mmHg )

Type of contraction:
primary ( t )

secondary ( t )

tertiary ( t )

Lower oesophageal sphincter

Co-ordination (t normal)
Complete relaxation (t)
Resting pressure (mmllg)
Contracting pressure (mmllg )

IntragasÈric pressure (mmHg )
Gradient across LOS (mmHg)

100 (a1l 100)
I00 (all 100)
34 .5 ( 13-63 )
87 ( 49-100+ )

(a11 100 )
(al1 I00 )
( 18-s8 )
(75-r00+)

( -6-1 )
(24-64)

( 89-100 )
(all 0 )
( 0-1r )

-2 ( -s-4 )
( 34-9s )

( 77-100 )
(aIl 0 )
( 0-23 )

100
100
33
100

L2
L2
I2
L2

16
I6
I6

-2
43

r00
0
0

I4
14

15
15
15

16
16

55

100
0
0

95
0
3

-0 .5 ( -6-4 )

75 ( 32-131 )

( 75-100 )
(0-4)
( 0-2r )

100 ( 86-100 )

93 ( 33-100 )
17 (4-2s)
49 ( 21-r60 )

2 (-1-6 )
13.5 (2-25)

-r.0 ( -5-6 )

73.5 ( 31-100 )

97 ( 56-r00 )

0 (0-14)
0 (0-44)

100 ( 96-100 )

97 .5 ( 1s-10 0 )
L7 (4-40 )

63 ( 24-100 )

3 (-2-7)
13 (2-36)

16
I6
16
16
16
I6
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(ii) OESOPHAGEAL ACID C.TEARANCE

a. Technique

The test was described by Booth et al in 1968. A

sÈomach pH elect.rode (Radiometer GK280lC-0) attached to the

multi-lumen catheter assembly 5 cm above the proximal end of

the Dent sleeve was used. The electrode was connected to a

Radiometer pH meter (PHM83, Autocal pH meter, and PIIM82) and

this in turn connected to the Grass Polygraph for recording

pH changes in relation to manometric changes. The assembly

was posit.ioned in the supine subject so that the sleeve !ìras

positioned in the lower oesophageal sphincter with the pH

probe then located in Èhe distal oesophagus. Fifteen mI of

acid (pH I.0 ) v/as instilled into the oesophagus (via a

manometry channel ) and the patient instructed to perform

swallows at 15-30 second intervals. The pH was recorded and

the number of swallows taken for the oesophageal pH to
return t,o greater than 4 recorded. This procedure was

repeated for uninstructed swallows. Also both instructed

and uninstructed studies were conducted with the addition of

5 mls of water into the mout.h to aid the sub ject in
swallowing and clearing the oesophagus. Studies were

Èerminated if clearance had not occurred by 30 swallows.

b. Validation Studies

The use of this test as a

oesophageal function by its ability to

means of assessing

return oesophageal pH
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to great,er than 4 after instillation of acid has been used

for a number of years. However, the test when conducted in

normal controls has given a wide range of values by

different authors, ranging from less than I0 swallows (Booth

et âI, I968) up to a mean of 38 swallows for 20 normal

subjects (Krejs et al , L9761. Further the effect of posture

on acid clearance was not, knownr Dor was the outcome of

altering the volume of instilled acid from 15 mI to 40 ml.

Reproducibility of the test from one day Èo the next was not.

established. To address these questions a series of studies

were performed.

The same t6 normal volunteers used in the oesophageal

manometry validat.ion studies ( 3. I ( i ) b. ) also had acid

clearance studies performed and repeated seven days apart.

Table 3.2 shows t,he results obtained for instructed,

uninst.ructed dry and wet swallows f or each of the test
days. The instructed dry swallows seemed at least as useful

as any of the other four combinations and these were

compared with a group of sixteenr â9ê and sex matched,

pat,ient.s with gastro-oesophageal reflux. The median number

of dry instructed swallows in Èhis group was 25 (range 11-

30 ) . Analysis by a Wilcoxon unpaired test showed no

significant difference between the two groups. An

additional group of I patients (6 ma1es, 2 females) with

chest pain for investigation referred to the Depart.ment of

Surgery at the University of Adelaide also had assessment of

-72-



TABLE 3.2

VARIATION IN OESOPHAGEAL ACID CLEARANCE FROI{ DAY 1O DAY.

VALUES SHOWN ARE MEDIAN WITH RANGE IN BRACKETS

DAY 1 DAY 2

Instructed dry 2L (8-30+) 2L ( 12-30+ )

Instruct,e,il wet. 30 ( 18-30+ ) 27 .5 ( 13-30+ )

Uninstructed dry 30 (15-30+) 30 (20-30+)

Uninstructed wet 28.5 (8-30+) 30 (18-30+)

n

l6

10

10

8
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acid cl-earance in the supine and upright position wit'h 15 mI

and 40 ml of acid with dry insÈructed swallows. Table 3.3

shows the results of this study. The test was not

sir{nificantly altered by posÈure or volume.

The acid clearance test in this stud.y did not

discriminate bet.ween normal volunteers and patients with

gastro-oesophageal reflux. Posùure did not influence the

number of swallows required to reÈurn the pH to 4. Volume

instilled did not alter clearance.
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TABLE 3.3

RESULTS OF OESOPHAGEAL CLEARANCE IN PATIENÎS FOR

INVESlIGATION OF CHEST PAIN PERFORMED IN UPRIGHT AND SUPINE

POSITIONS. TWO VOLUMES OF ACID WERE INTRODUCED INTO TTTE

DISTAL OESOPÍIAGUS 15 IIIL AND 40 ML. VALUES SHOWN ARE

I{EDIAN WITH RANGE IN BRACKETS

voLUr/rE

15 mls 4Omls

Position:

Upright

Supine

30+ ( 9-30 )

20 (1r-30+)

30+ (22-30+)

30+ (16-30+ )
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( iii ) OESOPIIAGEAL EIIIPTYING

Technique and Validation

oesophageal emptying is an essenLial physiological

function for the passage of food to the stomach and as a

defense mechanism for the clearance of refluxed gastric

contents (Booth et al, 1968; HeIm et al, I983). Although

the motility of the normal oesophagus has been extensively

investigated by the use of manometric techniques (Duranceau

et aI,1983)r 1itt1e has been reported on normal oesophageal

emptying. Reports utilising a radionuclide bolus have

appeared, but these have been confined mainly to Iiquid

studies (Kazem, 1972¡ ùlayron et â1, 1975; Bosch et al , L977¡

Tolin et âI, LgTg; Gross et al, 1979; Blackwell et al,1983;

Richter et â1, I983; Russell et al, I98Ia; I983). There

have been considerably fewer reports characterising solid

emptying and the agents used have been either a gelatin

mixture (Kjellen et aI, 1984), capsules (Fisher et â1, 1982)

or meat cubes (Fisher et al, 1982, Kjellen and Tibbling,

Lg82; Ilolloway et âI, f983). Radiological studies utilising

barium also have been advocated for assessing SoIid

oesophageal emptying (Donner et âI,1966; Davies et al,

1983 ) . The majority of these studies have been performed in

the supine position and the effect of. posture has been

ignored. exce,ot to note that rapid liquid emptying occurs in

the upright position and slower solid emptying in the supine

position (Fisher et al, 1982 ). lvlanometric studies performed
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in the supine and upright position report differences in

oesophageal motility for each position (Kaye and Wexler,

198I). It has been advocated also that oesophageal function

is more accurately assessed during food ingestion (ltfellow,

1983). Studies which reported abnormal radionuclide

emptying in gastro-oesophageal reflux patients (Totin et al,

L979; Blackwell et â1r 1983; Russell et â1, I98Ia) did not

first address themselves to the normal behaviour of the

oesophagus in an acid environment.

The aims of this study were:

to develop a test of oesophageal function using a

radionuclide labelled solid bolus and similarly

Iabelled liquid bolus,

to determine normal oesophageal emptying for a solid

and liquid bolus in the upright position and the supine

position,

to determine the effect on oesophageal emptying of

acidification of the oesophageal lumen.

Sub-iects

Reproducibility studies \,vere conducted ín 25 normal

controls (10 males, 15 females, median age 25, range L9-62)¡

solid emptying in 16 subjects and liquid emptying in 9

subjects.

The effect of posture and oesophageal pH was assessed

I

2

3
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in a different group of 19 normal subjects, 1l using a solid

and liquid bolus and a further I using a liquid bolus only

(1I males, I females, median age 29, range 19-69).

All subjects were non smokers and had no gastro-

intestinal symptoms nor history of gastro-intestinal

disease. No subject was on any medication at the time of

investigation and a1l gave informed consent. No one

individuat received more than 2 mCi of 99mt" during the

course of the study.

Radionuclide assessment

The bolus is prepared by cooking' a 100 g mincebeef

"hamburgern to which is added I.6 mCi of 99mt. macro-

aggregated albumin. A I0 g disc is then cut from the

"hamburger" (Fig. 3.1 ). The subject has undergone an

overnight fast and is seated upright initially with a gamma

camera (Searle Pho-Gamma III HP) positioned posteriorly.

The subject swallows 5 m1 of water following which the meat

is chewed into a bolus. The subject is then asked to

swallow the bolus and instructed to swallow every 15 seconds

on command. Cricoid movement is monitored during the

performance of the Èest to ensure that no additional
swallows are taken. The test is continued until the bolus

is seen to enter the stomach or unÈil 30 swallows have been

carried ouÈ (Fig. 3.21 . For this study the procedure s¡as

then repeated in the supine position. The tests in the

-78-



FIGURE 3.1:
coin for size

Typical solid bolus shown along side a 3 cm

comparison.
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4

FIGURE 3.22 Upright solid swallow. The white line is
computer generated and indicates the oesophageal "region of
interest". The colour code has blue for most activity'
yellow least. Frame I shows bolus descending through upper

oesophagus, Frame 2 has the bolus in lower oesophagus.

Frame 3 the bolus is squeezed through the lower oesophageal

sphincter and 4 shows it in the stomach. The detector is
Iocated posteriorly.
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upright and supine positions were repeated after the subject

swallows 30 mI of O.IM HCI diluted to pH I.6. Analysis was

performed by computer drawn regions of interest
corresponding to oesophagus and stomach. The number of

swallows (or time) taken for 95t of the radioactivity to

enter the stomach ( solid 195 ) !{as calculated. Images were

collected at I second intervals for t.he first L20 seconds

then at 5 second intervals until 450 seconds of recording

had elapsed.

The liquÍd protocol was identical to the above except

the bolus comprised 15 ml of water of neutral pH or O.tN HCI

diluted to pH 1.6, each with 300 micro-Ci of 99mt"

pertechnetate added (Fig. 3.3). Frames of activity were

collected every 0.5 secon,ils f or 60 seconds. The dosimetry

calculation for an oesophageal emptying study is shown in

Appendix I.
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FIGURE 3.3: Liquid swallow showing oesophageal region of

interesÈ in white. The frame shown is a summation of I0

seconds of recording and shows activity streaming down the

oesophagus into the stomach. The detector is positioned'

posteriorlY for these studies '
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Reproducibility Studies

Upright solid and liquid studies were conducted on LG

and 9 subjects respectively, 7 days apart, under identical

circumstances in order to determine the reproducibility of

the test. A single liquid study was conducted and two solid

studies on each test day.

Statistical Analysis

Results were analysed using the Wilcoxon

rank test (Siegel, 1956 ) and analysis of

covariance with repeated measures.

paired signed

variance and

Reproducibility Results

lable 3.4 shows the values obtained for the solid and

Iiquid test on each of the days, seven days apart. Solid

swallows showed no significant difference between swallows

or between days. Liquid swallows had previously been shown

to be reproducible by others (Tolin et â1, 1979; Russell et

â1, 1981a). However, the day effect had not been

specifically investigated. Again no significant day effect

was found.

Effect of posture

The solid bolus was emptied faster from the oesophagus

in the upright position compared with the supine position (p

< .05; Fig. 3.4). The same relationship between upright and

supine emptying of a solid bolus lvas found when the
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TABLE 3.4

Solid (swallows to

clear oesophagus)

Liquid (sec to

clear oesophagus)

*Data are median values with range

REPRODUCIBILITY OF OESOPTIAGEAL EMPTYING

Dav 1

TESÎ I TESÎ 2

Dav 7

ÎEST I TEST 2

3 (1-14) 3 (r-9) 2 (1-9) 2 (1-9)

7 (6-9) 6 (4-9)
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oesophageal lumen was acidified (p <

Similarly liquid was empt.ied more rapidly in t'he

upright compared with the supine position in both a neutral

(p<

Effect of pH

Figure 3.4 illustrates that no significant difference

could be detected between the solid bolus emptying in the

neutral compared to the acidified oesophagus in either the

supine or the uprighÈ position. However, figure 3.5 shows

that liquid emptying from the oesophagus was delayed in the

presence of acid in both the upright (p <

positions (p <

The emptying of solid and liquid from the stomach is

influenced by a variety of mechanisms (Heading' 1982). For

this reason liquid and solid emptying have been studied

separately (Collins et aI, 1983). It is possible that the

oesophagus also handles solid and liquids differently. The

problem with assessing solid ernptying has been to find an

appropriate bolus. Capsules labelled with either isot.ope

(Kjellen et âI, 1984) or barium (Hey et â1, r.982) have

proven unsuitable because of difficulties with patient

compliance, failure to clear the oesophagus and many

subjects are unable to achieve an adequate initial

swallow- In this study (section 3.1 (iii)b) and others

8B
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(Kelly, 196I) a marshmallow to assess oesophageal emptying

has been used. In this laboratory it !{as found that only

about half of the subjects could swallow the marshmallow and

intra subject variation \âras so great that the test was not

reproducible and led to its abandonment. The ideal solid

bolus should mimic the physiol-ogical sett.ing of a swallow

which includes mastication of food, mixing of saliva and

subject comfort. The bolus of hamburger appears to satisfy

these criteria. All subjects were able to perform the test

successfully and the test was reproducible with a low leve1

of radiaÈion exposure. I'le1low has recently reported that

oesophageaL function is different when measured using a

solid bolus as opposed to a liquid bolus (ùfelIow, L983).

Liquid emptying resulÈs and methods in this series are

similar to that reported by others (Tolin et al' L979¡

Russell et al, I981a). They show that emptying of tiquid in

the upright position occurs more rapidly than in the supine

position. Þlany previous st.udies have assessed liquid

emptying in the supine position in order to negate the

effect of gravity. This ignores the fact that oesophageal

emptying usually occurs in the upright position. It is not

known whether changes demonstrated in patients in the supine

position (Tolin et aI, 1979; Blackwell et a1' 1983; RusseII

et al, I98Ia,1983; Benjamin et â1,1983) would also be

found in the upright position. lvlanometric sÈudies indicate

a difference for supine swallows when compared with upright

swallows (Kaye and Wexler, 198l).
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The acid clearance test is baseC on the ability of the

oesophagus to clear itself of acid load (Booth et al'

1968). As discussed earlier (section 3.1 (ii) b.) this is

not a reliable indication of oesophageal function. Further,

the effect of altering oesophageal pH in normal patients

could not be assessed by this technique.

Appreciation of the effect of acid in the normal

oesophagus compared wiÈh neutral pH was first assessed

utilising barium swallows. Donner et aI (1966) studieC I0

normal controls and were unable to show any abnormality when

a barium suspension at pH L.7 $¡as used. Benz eÈ al (L972)

found their control group was delayed in I of 16 subjects

after acid barium was given. The problem with barium studies

is the dif f iculty in quantifying the qualit.ative pict.ure.

Manometrically, ltladsen et aI ( 19 83 ) reported increased

seconrlary peristalsis following instillation of acid in

small volumes into the normal oesophagus. Howeverr they

found no difference between the acidified and neutral state

when more than 5 mI was instilled. Helm et al (1984) showed

a 15 mI acid bolus into the oesophagus caused an immediate

pressure rise of 10-30 mmHg followed by secondary

peristaltic sequences. Further they showed that an increase

in amplitude of peristaltic contractions was weakly

associated with delay in oesophageal acid clearance. Such

may be the mechanism of delay in this series in the presence

of an acidic oesophagus with liquid swallows. Helm et al
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have shown also that. oesophageal emptying and clearance are

not necessarily t.he same thing with only emptying

directly relating to the quantity of material within the

oesophagus (HeIm et aI, 1984).

The assessment of oesophageal liquid emptying may have

direct relevance to the way the oesophagus handles refluxed

material from the st.omach. The assessment of solid emptying

is a general test of oesophageal function and may prove a

useful screening test in various oesophageal disease states.

b. Correlation with Barium Studies

Wit.h the validation and assessment of the radionuclide

oesophageal emptying test, deÈermined in normal controls, a

comparison of the test, was undertaken between the radio-

isotopic technique and conventional barium studies.

Isotopes or barium fluroscopy could presumably both be used'

but neither have been validated against each other.

Sub-iects and lfethods

10 patients (8 males,2 females) with chest pain'

established not Èo be cardiacr wêEê referred for evaluation

of the oesophagus as a possible cause of their chest pain.

As such patients may reasonably be expected to require a

barium study it was considered by the Research Review

Committee of the Royal Adelaide Hospital to be appropriate

to carry out fluroscopic st.udies of solid and Iiquid
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swallor¡rs, in the upright and supine position in these

patients. Patients underwent t.he radionuclide and

radiological assessment on consecutive days in random

order. The isotopic studies were conducted and analysed by

the author, the radiological studies by Professor G.

Stevenson, without, any knowledge of the others results.

The protocol for the radionuclide oesophageal emptying

studies was identical to that used in the normal controls.

Each subject underwent solid and. Iiquid studies in the

upright and supine positions, before and after oesophageal

acidification. The only departure from the previous

protocol was in the constitution of the bolus used. A

standard marshmallow (KRAFT, CANADA) was used, into which

was inserted a gelatin capsule (Parke, Davis & Company, No.

4) with 0.2 ml of 99mt" containing I50 micro-Ci. Because of

t.he fragility of the capsule subjects were permitted to

Iubricate the marshmallow with saliva but not chew.

The radiological assessment was carried out using a

fluoroscopic unit within the Department of Radiology of the

Royal Adelaide Hospital. The protocol was identical to that

used for the radioisotope and recorded on video with time

recording so that each swallow could be accuraLely

identified on the tapes. Neutral and acidified barium (pH

I.6 ) vùas used as the contrasÈ medium. Again data tvas

analysed by the Wilcoxon matched pair sign rank test.
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Results for the radionuclide studies are shown on

figure 3.6. The radionuclide results for sotid bolus failed

to show any significant. difference between the upright and

supine positions in either the acidified or neutral

oesophagus. Similarly no significant. difference was found

between solid emptying in a neutral or acidic oesophagus

when performed in the same position (Fig. 3.6 (a)). On the

other hand, liquid results of oesophageal emptying were

similar to those obtained in the normal volunteers. Liquid

emptying was significantly slower in t.he supine position for

both the neutral (p <

oesophagus. The presence of acid in the oesophagus

significantly slowed liquid emptying for supine (p <

and upright (p < 0.0I) studies (Fig. 3.6 (b)). Rad,iological

assessment was not able to show any significant changes in

solid bolus emptying when considered in relation to posture

or pH (Fig. 3.7 (a)). Liquid studies also failed to show

significant changes in the presence of an acidic or neutral

oesophagus. The supine acid study was, howevert

significantly slower (p <

(b) ).

The findings of the radioisotope oesophageal emptying

differed in the patient group from normal controls only in

the solid studies, This seemed to be primarily due to the

bolus used. Because the subjects were not. able to chew the
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from the oesophagus in patients with chest pain in the
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marshmallow it. did not seem to transit the oesophagus

weII. Also many subjects found the bolus size unduly large

and therefore had difficulty swallowing it at aII. For this

reason subsequent studies have been performed using the 10 g

meat bolus which is well tolerated and gave more useful

results in normal volunteers. The barium studies failed to

provide any useful information in relation to the effect of

posture or acidification on barium swallows. This again

emphasised the problem in the bolus used. Surprisingly'

liquid emptying also failed to show any significant

alteraÈion in the presence of acid or even upright and

supine in a neutral pII. This may well be because of the

Iack of quantification possible with barium studies. Barium

coated the mucosal surface making it difficult to determine

when 95t of the bolus (i.e. most of the swallow) had left

the oesophagus. Radioisotope enabled an accurate

determinaÈion of this parameter. While barium gave useful

anatomical detail for functional changes the radioisotopic

emptying technique seemed more useful.
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3.2 THE SÎoüACH

(i) INDUCTION OF REFLUX BY GASTRIC ACID LOADING

a. Technique

The standard acid reflux test. was described first by

Kantrowitz et al (f969). It is performed usually following

the manometric assessment. The subject is required to

perform a series of manouevres (MueIler, Valsalva, Cough,

deep breathing) which have been found to induce reflux in

patients. These are repeated in 4 posiÈions with the

pat.ient. supine, left lateral decubitus position, right

lateral decubitus position and supine with head down 20

degrees. With the pH probe in the distal oesophagus a

reflux episode is said to occur when the oesophageal pH

drops to less than 4. These manouevres are then repeated

after instilling 300 ml of 0.I normal HCI into the stomach.

b. Validation

While the correlation between a positive standard acid

reflux test and gastro-oesophageal reflux has been

established by others (Benz et a1, L972; Richter and Castel,

L982) its reproducibility is not known. The group of

sixteen normal volunteers previously described (section 3.I
(i)b) had the test. performed on 2 days seven days apart.

Table 3 .5 shows the results obtained. There was no

significant difference between the two days using an

analysis of variance.
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TABLE 3.5

REPRODUCIBILITY OF STANDARD ACID REFLUX TESÎING

CONDUCTED ON 2 DAYS SEVEN DAYS APART.

VALUES SHOWN ARE II{EDIAN WITII RANGE IN BRACKETS

DAY 1 DAY 2

Prior to gastric loading

n

positional episodes

induced episodes

Following gastric loading

positional episodes

induced episodes

0 (0-3)

0 (0-4)

1 (0-2',,

0.5 ( 0-1 )

0 (0-r)

0 (0-3)

0 (0-2)

1 (0-7)

16

16

9

9
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( ii ) RADIONUCLIDE GASTRIC EIÍPTYING

a. Technique

this met.hod of assessment of gastric emptying has been

previously described (Horowitz et al, 1982a; Collins et al,

1983 ) . A solid marker was prepared by injecÈing 27 mCi of
99mt.-t" into a wing vein of a live chicken as described by

Ivleyer et al (1976). After 20 minutes the chicken was kilted

and the liver removed. The amount of liver containing 1-1.5

mci of 99*T"-Solphur CoIIoid was mixed into f00 g ground

beef and the resulting "hamburger" cooked on a griller. The

total calorie content of the solid meal (25 g protein, 2L g

fat) was approximately 270 kcal. The liquid marker was 0.5

0.75 mCi of II3mt,r-oTPA mixed in 150 mI of l0t dextrose.

The whole body radiation dose was calculated to be

approximately 40 mrad for each study. the dosimetry

calculation for a gastric emptying study is shown in

Appendix II.

The test was performed after an overnight fast. The

study $ras performed in the sitting position with the

detector (Searle Pho-Gamma III HP) behincl the patient. A

cross-shaped marker containing 99mt. was taped to the

subjectrs back to aid in correction for paÈient movement

during the study. The subject ate the solid meal gradually

over a five minute period and then drank the 150 ml of

liquid containing ll3m1rr-pTPA. Data collection commenced at
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Èhe beginning of foo,il ingestion. At 30 minute intervals '
data acquisition $ras interrupted for five minutes to allow

the subject to stand or sit away from the camera. Each

study was continued for at least two hours.

A scintillation camera ( 400 keV parallel-hole

collimaÈor) interfaced to a computer was used for data

collection. Data hlas acquired in list mode into magnetic

disc memory via a DEC ILf/55 computer. The energy window

alternated regularly between that of 113mrr, (393 keV) and
99mt. (140 kev) using a automatic switching device. During

the first 10 post-cibal minutes the energy window alternated

every f ive seconds. Subsequently this interval r^/as

increased to 50 seconds. The switching device placed

switching 'marks' in the data stream to allow subsequent

reconstruction into frame mode images. At the end of data

acquisition 100 micro-Ci of 99*r"-otpA in I50 ml of water

!,ras given orally and one minute later a left lateral image

of the upper abdomen \das taken.

The study characteristically comprised five list mode

files. Each of these files was reformated to produce

separate dynamic studies for the solid and liquid.

components. The dynamic studies were corrected for subject.

movement and realigned to a single reference point using the
99m1. marker. This facilitated determination of the region
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of interest. The solid study was corrected for 113m1r,

Compton scatter by subtracÈing a proportion of the ll3mtn

ímage from its correspon,iting 99mt. image. Because the solid

and liquid studies were stored alternately, an image equal

to the average of the two ll3mtn images adjacent in time to

the 99mt. image was used for t.his correction.

Attenuation correction f actors rrùere calculated using

the lateral image, the distance from the mi,ilpoint of the

stomach to the collimator surface in centimetres was

calculated at all levels from the fundus to pylorus. A line

correction factor was generated and applied to the study.

Using the computer display a region of interest was

drawn to include the whole stomach, but. excluding the small

intestine. For each frame of the study the total counts in

the region of interest was the sum of the individual line

sums, which had been correcÈed for tissue attenuation. The

histograms for the solid and liquid components of the meal

(expressed as percentage of the total meal remaining within

the stomach vs time), was corrected for radionuclide decay

and printed. The value for 1008 retention of the meal was

derived from the maximum count rate achieved in the first 20

minutes of the study.

Several

histograms.

parameters were derived from these

For the solid component these parameters
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were: the lag period before onset of emptying, the time for

50* emptying (T50), the average rate of linear emptying

(expresseC as t/min) and the percentage of solid remaining

at 100 minutes. For the Iiquid component, the T50 was

obtained. The linear emptying rate of solid was calculated

from a straight line of best fit drawn through Èhe data

points which followed the lag period.

b. Validation

Considerable work had already been done on validation

of the technique (Collins et aI, 1983).

Reproducibility

Collins et al ( 1983 ) had shown the test to be

reproducible over a seven day period. However, whether it

was similarly reproducible over longer periods of time in

disease states was not known. In order to assess this 9

patients with gastro-oesophageal reflux (3 males, 6 females;

median age 48¡ range 22-60J were studied on two separate

occasions. The median t.ime between each test was 6 months

(range 3-14 ) . Figure 3.8 shows the individual results

obtained for the two tests. No significant difference hras

found between the two results using a paired rrtrr test.

Normal ConÈrols

Development

in co-operation

normal control group was

Dr. Michael Horowitz.

ofa

with

carried out

The control
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group comprised 22 normal volunteers (L2 males, I0

median age 34, range 2L 621 . Their gastric

values are displayed in Table 4.4.

females,

emptying

(iii) PARACETA!ÎOL ASSESSED GASTRIC EMPTYING

a. Technique and Validation

Introduction

A variety of techniques have been developed and

refined to assess the emptying of the stomach (Sheiner,

L975; Meyer, 1979a). Radionuclide scanning techniques

enable direct quantitative measurements to be made of

gastric emptying of the solid and liquid phases of a meal'

and these techniques are physiological and non-invasive

(Horowit.z et aI , 1982b). However, they do carry a radiation

exposure, are costlyr âDd require the facilities of a

nuclear medicine department.

Since gastric emptying is the rate-Iimiting step in the

absorption of paracetamol, plasma paracetamol concentrations

have been used as a means of indirect assessment of gastric

emptying (Ileading et â1, 1973; Nimmo et â1, 1975; Clements

et âI, 1978; Goldstraw and Bach, L981). It has also been

reporÈed that. salivary concentrations of paracetamol

correlate well with concentrations obtained from plasma

(G1ynn and Bastain, L973¡ Adithan and Thangam, L982¡ l'liners

et al, 1984 ) .
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I.

The aims of this study were:

to confirm that plasma and salivary paracetamol leve1s

could be used interchangeably, and

to assess if a significant correlation existed between

paracetamol- assessed gastric emptying with more

frequent sample collecÈion and liquid gastric emptying

as determined by the radionuclide technique.

2

Subjects

Ten volunteers were studied after informe'il consent had

been obtained (3 males and 7 females, median age 56 years,

range 2L-67 ) . None had undergone pçevious gastro-intestinal

surgery. All underwent radioisotope assessment of liquid

emptying and after the ingestion of paracetamol, plasma and

saliva paracet.amol concentrations were determined.

Radionuclide Assessment

The gastric emptying t.est lrüas perf ormed af ter an

overnight fast. The method was described previously

(section 3.2 (ii) ). Thirty minutes prior to cofllmencement of

the gastric emptying study, a 2l-gauge butterfly neer:lle was

inserted into an arm vein and flushed with heparinized

saline, 5 ml of blood and L-2 mI of saliva were taken for

base line tevels. The first mI of blood was always

discarded and the line reflushed with heparinized saLine at

the completion of the 5 mI sampling.
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When the subject was seat.ed comfortably in front of the

detector I50 ml of water and I0* dextrose containing the

liquid marker into which t g of paracetamol (PANADOL

SOLUBLE, Winthrop) had been dissolved, was given. The

subject was instrucÈed to drink the liquid within 30

seconds r âîd then a series of 6 mouth washes were performed

with $/arm water to remove any residual paracetamol from the

oral cavity. Saliva was collected by the patient spitting

into a sterile container. Blood and saliva samples were

collected over a 3 hour period. During the first hour,

collection was at 5 minute intervals, the second hour at 15

minute intervals, and two half hour samples for the

remaining hour.

PIasma and salivary paracet.amol concentrations were

determined by a specific high performance liquid

chromatographic .oroced,ure (l,tiners et a1, 1984).

(r
S

Data was analysed by using Spearman Rank correlations
) (Siegel, 1956).

Results obtained are shown in Figure 3.9 for aII
patients wit.h the time taken in minutes for 50t of Èhe

liquid marker (T50) to clear the gastric region plotted

against the time in minutes to maximum plasma concentration
(C max-plasma) (Fig. 3.9a), and the time in minutes to

maximum saliva concentration (C max saliva) (Fig. 3.9b).
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Figure 3.9c plots time to C max-plasma against time to C

max-saliva. There was a significant correlation between

time to C max-plasma and time to C max-saliva with T50. A

strong correlation was found between time to C max-plasma

and time to C max-sa1iva. When the areas under the 0-3 hour

plasma/saliva paracetamol concentration time were comparedt

there was an r" value of .742 with a significant correlation
(p<

The results confirm the finding of saliva paracetamol

concentrations correlating well with plasma leve1s. This

offers a convenient and non-invasive method for sample

collection which virtually removes the need for any

technical assistance. It has been shown that stressful

stimuli can greatly alter gastric emptying (Thompson et aI'

1983), and saliva collection, Èherefore, removes the

possible variable of stress due to intravenous line

insertion. Other reports have established that the rate of

absorpÈion of paracetamol in humans is dependent on the rate

of liquid gastric emptying (Heading et aI, 1973; Holt et' al'

1979 ). However, only one study was performed in the

presence of a mixed solid and liquid meal (HoIt et âI'

L979) | and the technique used did not include corrections

for attenuation of counts from the gastric region.

Previously reported studies also failed to take frequent

samples of plasma during the first 30 minutes of the study

(Goldstraw and Bach, L981). As Figure 3.9 demonstrates the
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majorit.y of the patients had time to C max-plasma and time

to C max-saliva within 30-40 minutes. The results obtained

in this study verify the significant correlation that exists

for the time taken for 50t of the Iiquid to clear the

gast.ric region and the time taken to reach maximal

concentration of paracetamol in both plasma and saliva.

In this st.udy the two patients who had the most rapid

gastric emptying determined isotopically had the fifth and

seventh fastest rate of gastric emptying respectiìreIy as

determined by plasma and saliva peak concentrations. The

technique of peak saliva paracetamol concentration to assess

tiquid gastric emptying has an application in studies where

repeated assessment of gastric emptying is required. In

this situation repeateC radionuclide testing would lead to

an unacceptable radiation exposure. Salivary paracetamol.

concentrations could also be used in centres which do not

possess the facilities of a nuclear medicine department..

Even when a nuclear medicine department is available, t'he

lechnique may prove useful in other situations. For

example, the technique can safely be utilised in patients

with post-operative ileus as a means of assessing return of

normal liquid gastric emptying within a ward situation. In

studying gastric emptying, it is clearly preferable to study

both solid and liquid phases at the same time (Heading et

aIr 1976). If only one isotope can be studied at a time'

then simultaneous gastric emptying of both liquid and solid
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phases could be determined by using a radionuclide labelled

solid meal and salivary paracetamol estimat.ions for the

liquid phase of emptying. As the use of radionuclides grow,

department.s of nuclear medicine with the capacity to study

dual isotopes may stiII require the technique. Thus biliary

emptying and duodenogastric reflux could be assessed by

using one isotope (Mackie et al I 1982) whilst also assessing

solid gastric emptying isotopically and liquid emptying

using salivary paracetamol concentrations. However, use of

paracetamol levels does noL offer as reliable a measure of

gastric emptying as the presently available radionuclide

technique as indicated by the two most. rapid emptiers in our

study. This may be expected as the plasma,/saliva

concentration of paracetamol depends not only on absorption,

but also on metabolism and distribution (HoIt. et al'

19791. For this reason further use of this technique in

patients groups has not been proceeded with.
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3.3 lEE DI'ODENUM

(i) ANTROPYLORODUODENAL II{ANOMETRY

a. Technique

Transpyloric flow depends on simultaneous occurrence of

favourable condiÈions for flow in the antrum, pylorus and

duodenum. IÈ is therefore necessary to record

simultaneously in all three regions. To achieve this a

manometric assembly which has 4 side holes in the duodenum,

3 in the antrum and a 5 cm long Dent sleeve sensor

positioned in the pylorus was developed.

Ivlanometric System

The basic design and infusion system of the manometric

assembly $ras similar to that used for oesophageal manometry

(section 3.I (i)a), except for the use of a normal saline

perfused channel just proximal and distal to the sleeve

sensor, which permitted assessment of transmucosal poÈential

difference.

Transmucosal Pot.ential Difference

The pylorus is a mobile structure which moves relative

to the manometric assembly. This mobility makes consisÈent

st.ationing of a single side hole manometric sensor in the

pylorus impossible. Furthermore, human in vitro studies

(Schulze-Delrieu and Shirazi, I983) have demonstrated that
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the portion of the pylorus which demonstrates tonic activity

is only 2-3 mm in length, thus making it. difficult to det.ect

by pull-through methods. Close parallels exíst between

t-hese difficulties at the pylorus and difficulties initially

encountered with monitoring lower oesophageal sphincter

motility. In this latter instancer the development and

application of a sleeve sensor has been associated wíth an

enhancement of our understanding of human lower oesophageal

sphincter motility (Dent, 1976). Use of a sleeve sensor in

the pylorus overcomes difficulties ín monitoring pyloric

motor events. In order to ensure that the manometric

assembly was correctly positioned, transmucosal potential

difference lrras monitored via the manometric channels at the

proximal and distal margins of the sleeve sensor (Turner et

al, 1978). There is a transpyloric Aradient of Èransmucosal

potential difference of about 25mv.

By perfusing these channels with normal saline from 2

electrically isolated reservoir systems across the

transducers a manometric pattern could be obtained. The

transducer domes had been modified by inserting a short

hollow metal spike over which $ras passed a one metre length

of polyethelene tubing. This tubing was filled with It Agar

and I ttlolar KCI and its other end connected to a calomel

electrode (Flinders lt{edical Centre, Biomedical

Engineering). A reference electrode lvas also connect.ed via

a metre length of similar egar/xCl tubing which was applied
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to the skin surface primed with conductive gel. The calomel

electrode syst.em was then connected to a low voltage, high

impe,ilance differential amplifier with a remote power source

(FIinders Medical Centre, Biomedical Engineering) which was

then connected to the Grass Polygraph. In this way the

potential difference recorded at t.he Èwo sites was displayed

to permit continuous sleeve local-isation in the pylorus.

The laboratory arrangement is shown in figure 3.10.

b. Validation

In order to validate the method described above, two L2

month old beagle dogs had a gastric and smaIl bowel Thomas

cannulae inserted. After recovery from the surgery the dogs

$¡ere studied in a sling which permitted them to be fully

conscious. No sedation was used in any studies. The

manometric assembly \'tras passed from the gastric cannula out.

through the small bowel cannula. with the sleeve in

position it was possible to observe antropyloroduodenal

activity for periods of up to 6 hours. Figure 3. 11 shows

the pyloric pat,terns observed in one dog over a number of

different recording periods.

Studies were also conducted under fluoroscopic vision

with barium contrast to confirm that the sleeve was

Iocalise,il by the transmucosal potential gradient. Also it.

enabled fluoroscopic bowel contractions to be seen in

associations with manometric wave patterns.
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Fiqure 3 . I0: A photograph of the laboratory set up used for

dog studies. The dog is shown in upper left corner resting

in the sIing. The various recording instrumentation is

arranged in the foreground-
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To assess the usefulness of the transmucosal pot.ential

difference movement of the tube rdas periodically performed

as illustrated in Figure 3.L2. Abrupt changes in

transmucosal pot,ential difference were invariably seen as

the channel moved across the dog pylorus.

The sleeve tracings of pyloric pressure have shown that

for most of the time there is phasic pyloric contraction

wit.h waves sometimes > 70 mmHg, and frequency up to S,/min.

Phasic pyloric conÈractions have been noted to occur in

several animals (Biancani et aI, 1981). It appears likely
that this .ohasic activity is important for control of

transpyloric flow. The sleeve has also signalled

intermittent sustained elevation of baseline pyloric
pressure either because of partial fusion of vigorous

prolonged phasic waves t ot because of apparent. steady state
ø

/asal pyloric contraction.

After food, lumen occluding antral peristalsis was

associated with propagation of a contractile wave into the

duodenum and a transient sharp dip of duodenal pH to as low

as 2. There was inhibition of apparently non-propulsive

duodenal contractions prior to arrival of these co-ordinated

waves. There antral waves occurred at a frequency

considerably less than the intrinsic Aastric frequency.

this supports the currently somewhat unfashionable concept

that the antrum empties the stomach intermittently by a
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the trace below.
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peristaltic pump action, and, that the control of gasÈric

emptying may depend at least in part on the frequency with

which this pattern of contraction occurs.

' Human studies

The human manometric assembly was essentially identical

to that used in the dog studies with the difference being

that the distal end of the tube had a 15 cm length of

silastic rubber attached to a mercury weight (Fig. 3.13'

3.14). This enabled the tube , which was introduced

pernasally, to readily pass into the duodenum with the

patient lying on the right side. At the time of writing the

human studies have only been conducted to a preliminary

]eve]. However ¡ à number of interesting patterns of

activity have been observed in the normal control

subjects. Figure 3.15 shows a human migrating motor

complex t otiginating in t.he duodenum, observed using the

assembly and figure 3.16 a patL.ern of human phasic pyloric

acÈivity measured by the sleeve sensor, in the absence of

antral or duodenal activity. The pyloric activity seen in

figure 3.16 occurred for onty a 15 minute period in 16 hours

of recording in the one subject, illustrating the importance

of having the means of continuous pyloric activity

assessment.
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Fiqure 3.13: The human duodenal tube shown with a 3 cm coin

for size comparison.
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(ii) DUODENOGASTRIC REFLUX

a. Technique

In order to recognise motor patÈerns associated with

intermittent transpyloric fIow, moniÈoring of motility was

required at the same time as individual instances of flow

were recognised. A large pH gradient exists between the

stomach and duodenum. Thus a pH electrode (Radiometer

stomach electrode) on either side of the pylorus was used to

monitor flow of digesta between the stomach and duodenum.

The electrodes were attached just distal and proximal to the

sleeve in the vicinity of the transmucosal pot.ential

difference channel. this enabled accurate localisation of

the electrodes in the stomach or duodenum. Figure 3.14

shows a representation of the human assembly when fully

equipped.

b. Validation

Monitoring of pH from within the antrum and duodenum of

the dogs has signalled abrupt. changes in pH consistent wit.h

either passage of acid from the stomach into the duodenum or

passage of alkali from the duodenum into the stomach. The

episodic changes in pH from Èhe duodenum and stomach have

been correlated with canine gastropyloroduodenal motility

patterns. Figure 3 . I7 shows the clearing of an antral

alkalinisation by a lumen occluding contraction in the
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stomach.

possible

with 60 hours of observation in two dogs it was

to evaluate Èhese antral alkalinisations.

By measuring increases in pH of greater than one pH

unit lasting for greater than 5 seconds and timed from

initial rise to return to one pH unit greater than previous

resting value, the values on Table 3.6 were obÈained.

Although there were differences in the frequency of

duodenogastric reflux events in each dog, the magni¡.ude of

the pH rise and duraLion of each event was similar. The pH

changes observed were confirmed to have come from duodenal

activity in two ways. Firstly fluoroscopic studies

utilising barium showed passage of contrast back into the

stomach from the duodenum to be associated with a rise in

antral pH. Secondly, by using 0.3 mg of subcutaneous

apomorphine, reÈrograde duodenal waves could be stimulated

and a corresponding drop in pH was observed in Èhe stomach

(Fig. 3.18 ) . During the canine studies antral

alkalinisations tì¡ere especially f requent during vigorous

interdigestive motor activity in keeping with the finding of

others that duodenogastic reflux is more common at this time

(Keane et aI, L98f).
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TABTE 3.6

Dog I

Dog 2

Freguency

episode

3.L/hr

0.7 /ht

ANTRAL ALKAL INISATION IN THE DOG

pH rise Duration

episode

-x. 2.7, max. 4.7 1 37, max. 160 sec

Í.2.I, max. 3.6 I 40, max. 155 sec
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3.4 SyUPTOi{S

( i ) T,IETHOD OF SCORTNG

Evaluation of patients symptoms is at best difficult.

The method adopted in most of the paÈient studies in Section

IV is based on that described by de Dombal and llall

(1979 ). Symptoms were always assessed by one observer

during a patient interview prior to investigative

procedures.

Symptoms vrere scored on a scale of 1-3 with mild = 1,

moderate = 2, severe = 3, and on a scale of 1-4 for

frequency, 2-3 times per month = Lt once a week = 21 2-3

times per week = 3, and daily = 4. These scores were then

multiplied to give a minimum score of zero with a maximum of

L2 for each symptom. This assessment was applied to

symptoms of nausea, dysphagia' epigastric fullness '
constipation, diarrhoea, vomiting, appetite, heartburn and

regurgitation. At completion of the interview the

observer t s assessment of the patient.s symptoms was read back

to the paÈient for confirmation.
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4 .1 PRIIiARY GASIRO-OESOPHAGE,AL REFLTIX

( i) OESOPÍIAGEAL EMPTYING

INTRODUCTION

Tests of oesophageal function have involved the passage

of a nasogastric tube assembÌy which produces a fair degree

of patient discomfort, or a barium swallow which is unable

to generate quantitative data (section 3.I (iii)b). A

radionuclide test has been developed which has none of these

disadvantages but which has the advant.age of using fooC

ingestion in a sitting position as the basis of t.he test

(section 3.I (iii)a). Some patients with gastro-oesophageal

reflux are known to have poor acid clearance (Booth et â1t

1968) and disordered oesophageal motility (Dodds et al'

L982). However, acid clearance does not necessarily equate

wiÈh oesophageal emptying (Hetm et al, 1984). The aims of

this study were to investigate solid oesophageal emptying in

both normal controls and patients with objectively

demonstrated gastro'oesophageal reflux. In those patient.s

who progressed t.o anti-reflux surgery oesophageal emptying

was measured again 6 months after surgery.
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SUBJECTS AND METHODS

Subiects

Solid oesophageal emptying studies were performed in 31

normal controls (If males, 20 females, median age 33t range

Lg-621. No control subject had any previous history of

upper gastro-intestinal symptoms or surgery. All were non-

smokers and were not taking any medication at the time of

testing.

A group of 73 paLients with symptomatic gastro-

oesophageal refLux (32 males, 4L females, median age 52.5

years, range Lg-72) was studied. AII patients had

confirmation of their reflux disease with either a positive

standard acid reflux test (Kantrowitz et âI, 1969) and'/or

endoscopic e-/idence of oesophagitis.

The patients studied were also specifically questioned

as to the presence or absence of dysphagia as a symptom that

occurred at least daiIy. Dysphagia was defined as an

uncomfortable sensaÈion of something sticking in the

oesophagus while eating. No patient was diagnosed as having

a peptic oesophageal stricture.

Eighteen of these pat.ients (9 males, 9 females, median

age 5I.5 years, range L9-72) also underwent a fundoplication

and were restudied 6 months post-operatively.
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Endoscopy

Endoscopies \dere performed by a number of observers.

The finding was regarded as positive if the endoscopist

recorded unequivocal evidence of oesophagitis ' It is

acknowledged that such a judgement contains a large

subjective element (Breen and Whelan, 1978).

Radionuclide Assessment

the solid bolus test has been described earlier

(section 3.I (iii)).

Operative Technique

The surgical technique was standardized with the fundus

and upper part of the body of the stomach being mobilized

and wrapped around the lower 4-5 cm of the oesophagus. The

$¡rap thus used both ant.erior and posterior walls of the

stomach (Jamieson and Duranceau, 1984a). The fundic wrap

included the anterior vagus nerve and exluded the posterior

vagus nerve and was performed with a No. 52 ltaloney bougie

in postion in the oesophagus.

Statistical Analysis

Data vtere analysed using the Wilcoxon unpaired test and

the Wilcoxon paired sign rank test.
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RESULTS

The patients with gastro-oesophageal reflux emptied

their oesophagus of the bolus more slowly than the control

group (p <

patient existed and in this group there was still a

significant difference between the groups (p <

The eighteen patients who underwent surgery did not

differ significantly (p > .05) from the fifty-three non-

operated patients with respect to their oesophageal

empt.ying.

The patient group at the time of initial oesophageal

emptying study had 40 patients free of dysphagia and 33 with

dysphagia. The group with dysphagia had significantly

slower oesophageal emptying (p < .001' Fig. 4.2).

Endoscopy results rrüere available for 59 patients , 27

with oesophagitis and 32 without. There l,vas no signif icant

difference (p > .05) between the t.wo groups with respect to

their oesophageal emptying (Fig. 4.3).

the operative group at the time of post-operative study

lvas f ree of sympt.oms of heartburn, regurgitation or

dysphagia. Figure 4.4 shows the pre-operative oesophageal

emptying values and the post-operative values six months

after surgery. No difference between the two groups was
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found (p >

oesophagus in 3O swallows at posÈ-operative study, but

neither complained of any dysphagia.

DISCUSSION

poor oesophageal clearance of refluxed material is

thought to be an important pathogenetic mechanism in

patients with symptomatic aastro-oesophageal reflux (Krejs

et â1, I976; Stanciu and Bennettt I974a). This impaired

clearance has been measured usually by use of the acid

clearance test (Booth et 41, 1968 ) . This involves the

insertion of a pH probe into the distal oesophagus followed

by instillation of a standard amount of acid. More recently

radionuclide labelled liquid swallows have been used (ToIin

et â1, 1979; B1ackwe1l et al, 1983; Russell et â1' 1983) to

assess oesophageal function in patients with gastro-

oesophageal reflux. Such investigation has the advantage of

being non-invasive and more physiological than the acid

clearance test. These studies, however, have been performed

in the supine position which does not simulate whal normally

occurs in the post prandial period when reflux is known to

occur most frequentty (De t'leester et aI ' L976).

This study used a solid bolus which was swallowed in

the upright position. It provided a quantitative measure of

oesophageal dysfunction. A significant difference in

oesophageal emptying \^¡as found between our normal controls
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and the 73 gastro-oesophageal reflux patients. The presence

of pre-existing oesophagitis was not associated with slower

oesophageal emptying, giving support. to the view that

oesophageal dysfunction in gastro-oesophageal reflux

patient.s is a primary disorder and noÈ mediated by muscosal

injury (Russell et âI, 1981b). the group of 33 patients in

whom dysphagia was present had significantly slower

oesophageal emptying, than the non-dysphagia group of

patients. However, considerable overlap existed between the

two groups (Fig. 4.21. This highlights the difficulty in

the objective assessment of symptoms.

Although the median age of the controls and the

patients was significantly different and there was a

significant correlation between delay in emptying and

increasing age (t= = .423 p <

however this age related slowing in emptying did not explain

fully the difference between our control and patient

group. lühen 26 patients were age matched with 26 controls'

a significant difference in oesophageal emptying persisted

between the groups.

The 18 patients who underwent fundoplication were not

significantly different in their âgêr sex or oesophageal

emptying from the gastro-oesophageal reflux group who did

not proceed to surgery.
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Fundoplication did not improve the ability of the

oesophagus to empty itself, despite excellent symptomatic

improvement. Two patients whose oesophageal emptying

worsened considerably post-operatively were both symptom

free at the time of testing. Russell et aI (I98Ib), studied

transit of a radionuclide liquid in the supine position to

assess oesophageal function before and after anti-reflux

surgery in twenty patients. They also found that there was

no improvement in oesophageal function after successful

surgery. These find.ings suggest that oesophageal

dysfunction in reflux patients is a primary abnormality.

The use of a radionuclide labelled solid food bolus

of assessingappears to be a simple and non-invasive method

one aspect of oesophageal function in patients

oesophageal reflux disease.

with gastro-

( ii ) GASTRIC EII{PTYING

INTRODUCTION

Delayerl gastric emptying of solids and liquids has been

reported in a significant percentage of patients with

gastro-oesophageal ref lux ( ttlcCallum et âI , I9 81t Litt.le et

âI, I98C; Baldi et â1, 1981; Velasco et â1, 1982). These

reports have assessed gastric emptying for a Iiquid meal

(Baldi et 41, 198I; Velasco et â1, 1982 ) a solid meal

(Little et aI, 1980) and a combined solid and liquid meal
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(McCallum et al, 1981). However they did not assess solid

and liquid emptying simultaneously in such patients.

Correlations between delayed gastric emptying and manometric

(McCallum et aI, 198I) and endoscopic findings have been

noted (Litte et al, 1980).

A gastric emptying technique which simultaneously

assesses solid and Iiquid emptying has been utilised, in

order to better characterise the gastric emptying

abnormalities in gastro-oesophageal reflux patients.

Correlations have also been sought between endoscopic

f indings, lower oesophageal sphincter pressure an,il symptoms

of regurgitation and epigastric fullness with the rate of

gastric emptying.

SUBJECTS AND I*IETHODS

Subiects

Gastric emptying tests were performed in 22 normal

volunteers, L2 males and I0 females (median age 34, range

2L-621 . All l^tere non-smokers and had no evidence of

gastrointestinal disease. Tests were also performed in 72

patients with gastro-oesophageal reflux. The patient group

comprised 33 males and 39 females, (l"ledian age 49, range 19-

72). Sixty-nine patient.s had undergone standard acid reflux

testing (Kantrowitz et al, L969) and oesophageal manometry

incorporating a Dent Sleeve (Dent., 1976). Resting lower

oesophageal sphincter pressure was measured by taking the
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median value of thirty pressure readings unassociated with

swallowing, during a five minute rest period. Sixty-four of

the patients had an endoscopy performed. All 72 patients

had a positive standard acid reflux test and./or oesophagiÈis

on endoscopy to substantiate t.he clinical diagnosis of

gastro-oesophageal reflux disease.

Svmptomatic Assessment

prior to the performance of gastric emptying the last

43 patients entered in this study had a history taken and

each was questioned about regurgitation and epigastric

fullness. Sympboms were scored by the method outline in

section 3.4 (de Dombal and Hall , L979) .

Endoscopy

Endoscopies were performed by a number of observers.

In alI patients the gastric emptying study was performed

between 7 days and 28 days after the endoscopy. The

endoscopic finding \{as regarded as positive if the

endoscopist recorded unequivocal evidence of oesophagitis.

It is acknowledged that such a judgement contains a large

subjective element (Breen and Whelan, 1978).

Radionuclide assessment

This has been previously described (section 3.2 (ii)a).

The normal range in this study for both solid and
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Iiquid was defined as the value within which 95t of the

observations fell.

Statistical Analysis

Data was analysed using the Wilcoxon unpaired tesÈ and

Spearman rank correlation coefficient (r").

RESULTS

lrlanometry

The resting lower oesophageal spincter pressure and the

solid remaining at 100 minutes and tiquid T50 are shown in

figure 4.5 and 4.6. There was no significant correlation

between sphincter pressure and solid (t" = -0.085, p > .05)

or tiquid (t" = -Q.189' p >-05) gastric emptying'

En,iloscopy

AII but 8 pat.ients had an endoscopy prior to their

gastric emptying study. On endoscopy 28 had no definite

evidence of gesophagitis, the remaining 36 had unequivocal

evidence of oesophagitis. There was no significant

difference between the oesophagitis and non oesophagitis

group for their liquid T50. However the percentage of solid

remaining at I00 minutes was greater (p <

oesophagitis group (Fig. 4.7)
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Symptoms

In the last 43 patients a prospective review of their

sympt.oms of epigastric f ullness and .regurgit'ation was

undertaken. Epigastric fullness after meals was described

in 36 patients with a median score of 9 (range L-Lz) and

regurgitation in 30 patients, median score I (range 3-L2).

No correlation existed between scored epigastric fullness

and solid (t" = 0.206, P >

.05) emptying. Similarly no correlation was found between

regurgitat.ion and solid (t" = .006, p >

0.209, p > .05) emPtying.

Gastric emptying

Table 4.I shows that as a group, patients with gastro-

oesophageal reflux conmenced solid emptying (Iag period)

from the stomach later than controls. This group also

emptied at a slower rate. Significantly more of the solid

marker remained at I00 minutes in the patients than controls

(Fig. 4.8). Liquid T50 was also slower in these patients

(Fig. 4.8). A significant correlation (t= = 0.337' p <

existed between the emptying T50 and the percentage of solid

remaining aL I00 minutes.

Neither solid nor liquid gastric emptying values were

normally distributed (Fig. 4.8 ).
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TABLE 4.1

RESULTS OF GASTRIC EMPTYING IN CONTROLS

AND PATIENTS WITH GASTRO-OESOPHAGEAL REFLUX (G.O.R. ).

VÀLUES ARE II'IEDIANS WITH RANGE IN BRACKETS

CONTROLS G.O.R. SIGNIFICANCE

LEVEL

No. of Subjects 22 72

Solid lag perio,il

(min )

Solid emptying rat.e

( t/min )

SoIid remaining at

100 min (t)

T50 Iiquid

35

( 9-69 )

L.25

(0.7-2.3)

30

( 12-65 )

I8

( r1-35 )

45

( 14-104 )

0.76

(0.2-2.0)

60

(9-100)

25.5

( 9-78 )

p<

p<

p<

p<
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DISCUSSION

The recent application of techniques which accurately

quant.ify gastric emptying in patients with gastro-

oesophageal reflux has raised a number of questions

concerning the etiology and management of the disease. In

these patients both solid and liquid emptying was assessed

simultaneously with 32 patients (44t) showing a solid

emptying delay and 27 patients ( 38t ) a liquid delay.

Sixteen of these patients had delay in both solid and liquid

emptying. FurÈhermore there was a significant correlation

between the rates of solid and. liquid emptying indicating

that both types of meal are affected in such patients. The

results confirm the observation that delayed gastric

emptying is present in a significant proportion of patients

with gastro-oesophagel reflux. It is apparent that delayed

emptying of solids, delayed emptying of liquids and delayed

emptying of both solids and liquid can occur in individual

patients.

The significantly prolonged period for the solid

component of the meal to conmence emptying from the stomach

in gastro-oesophageal reflux pat.ients has not been observed

previously and probably reflects a delayed redistribution of

solid food from fundus to antrum. A reduction in proximal

stomach tone could explain both the prolonged lag period an,il

the delay in liquid emptying in these patients. However'

the delayed Iinear emptying rate of solid suggests antral
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dysmotility, which has been described previously in gastro-

oesophageal reflux patients (Behar and Ramsby, L978). Fink

et aI (1983a), has also reported a significant delay in

gastric emptying in patients with gastro-oesophageal reflux

and severe gastritis, compared to those without gast.ritis.

This may be a condition which either predisposes to, or

resulÈs from antral dysmotility.

Factors such as medications and cigarette smoking

(Grimes and Goddard, L978) which may have influenced gastric

emptying were not permitted prior Èo study. The age

difference beÈween controls and patients has been found in

our laboratory (Horowit.z eL â1, 1984) and by others (Moore

et al, 1983) not to be a significant factor over such a

relatively narro$r range.

These results have been supported by other st'udies

which have used both radionuclide and intubation

techniques. Donovan et aI (1977), measured solid and liquid

emptying in l0 patients, with 5 showing delayed liquid and 3

delayed solid emptying. Csendes and Henriquez (L978) used a

phenol red inert marker technique in 19 patient.s with

oesophagitis and showed that liquid emptying was delayed in

6 of their patients. These findings in regard to delayed

Iiquid emptying were similar to those of Clark et al (1981)

and Baldi et aI (1981), who used radionuclide techniques.

However, Velasco et al ( 1982 ) using a sequential

-155-



radionuclide technique reported delayed solid emptying, but

normal liquid emptying in patients with gasÈro-oeSophageal

ref lux. ttlcCallum et al (1981) used a mixed liquid and solid

meal technique and found that 41t of pat.ients fell outside

their normal range. However they were not able to determine

whether it was the solid phase, tiquid phase t ot both which

was responsible for the delay in their studies.

The variable tiquid emptying findings reported may be

due to the differing caloric (or osmotic) contents of the

liquíds used (Co}lins et al, 1983). The observation of the

prolonged solid lag period !{as not reported by these

workers.

tlow the observed gastric emptying abnormalities relate

to gastro-oesophageal reflux remains unclear. LittIe et al

(I980) suggested that patients with endoscopic oesophagitis

were more likely as a group, to have detayed solid emptying

than patients without oesophagitis. This study found also

that those patients with pre-existing oesophagitis tended to

empty a solid meal slower than those without oesophagitis.

Figure 4.7 shows there is considerable overlap, between the

two groups and with the normal range. However it may

indicate that patients with delayed gastric emptying have a

more severe form of gastro-oesophageal reflux disease.
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l4cCallum et aI (1981) found no correlation between

rest.ing lower oesophageal sphincter pressure and the gastric

emptying of a mixed meal. Similarly no correlation was

found between lower oesophageal sphincter pressure and solid

or tiquid emptying.

This study indicates that the clinician cannot be

confident of diagnosing delayed gastric emptying from

symptoms alone. Thus those symptoms which might be expected

to be associated with delayed gastric emptying ( ie

regurgitation and epigastric fullness after eating) failed

to correlate significantly with the gastric emptying values.

A similar lack of correlation between sympt.oms and delayed

gastric emptying in reflux patients was reported by Velasco

et aI in L982.

If delayed emptying plays a role in the pathogenesis of

the disease it may relate to gastric distension. Pettersson

et aI (1980) argued that gastric distension causes a change

in gastric waII tension in the region of the lower

oesophageal sphincter. Samelson et aI ( 1983 ) used a

sphincter model to show that the distal end of the sphincter

is stretche,il open before the remaind.er of the sphincter is

affected. Delayed emptying of food may act to distend the

stomach and thus Èhe lower oesophageal sphincter and permit

more frequent episodes of reflux to occur. A further factor

may be prolongation of the post prandial state. It has been
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observed that gastro-oesophageal reflux episodes occur more

frequently after meals (De I'leester et al I L976). In as much

as delay in gastric emptying prolongs the post prandial

State, it may also prolong this tendency to increased reflux

events.

A further area where the detayed emptying may have

relevance is that of treatment. Drugs aimed at increasing

gastric emptying have been shown to alter oesophageal

motility (Behar and Ramsby, 1978) and gastric emptying (Fink

et â1, 1983b) in the short term. However long-term studies

have not shown gastric prokinetics to be significantly

better than placebo in the treatment of gastro-oesophageal

reflux (l'fcCallum et â1, L977; Goethals, 1979).

Whether surgery to aid gastric emptying has a place in

patients with reflux disease is also uncertain. Burford and

Lischer (1956 ) concluded on theoretical grounds that a

gastric drainage procedure should al1ow more rapid emptying

of the stomach. They carried out a Finney pyloroplasty

alone in patients with severe reflux disease with good

results in 15 of 16 patients. Herrington (1960) advocated

the use of vagotomy and drainage in hiatal hernia repair.

In general such an approach to gast.ro-oesophageal reflux has

not gained favour. However, Stanghellini and Malagelada

(1983a) have reported 3 patients who developed severe

dyspeptic symptoms after anti-reflux surgery and who then
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benefited from antrecÈomy. Anti-reflux surgery has been

reported as both increasing (section 4.3 (í)) and not

altering (Ve1asco et â1, L982 ) gastric empt,ying . These

differences may relate t.o the different, surgical techniques

used.

At present there are many unanswered questions in this

fie1d. As answers become apparent iÈ may be that more

raÈiona1 medical and surgical therapy can be applied to the

treatment of patients with gastro-oesophageal reflux

disease.
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4.2 EFFECT OF PEAR¡IACOLOGICAL AGENTS

INTRODUCTION

A number of studies have been reported showing the

value of pharmacological agents in the treatment of gastro-

oesophageal ref Iux (Farre1l et a1, I973¡ L974¡ lt{cCallum et

al, 1977; Valenzuela, 1981; Goethe1s, l-979¡ Corinaldesi et

âI, 1983; Fink et aI, I983b). In general they have regarded

patients with gast.ro-oesophageal reflux as an homogeneous

group and subjected them to double blind and. blinded

crossover trials of both oral and IV metoclopramide and

domperidone for periods ranging from two weeks to several

months (Johnson , L973). The results have tended to be

inconclusive in regard to the value of these therapeutic

agents in chronic Aastro-oesophageal reflux (McCallum et a1'

L977; Goethels, I979, Corinaldesi et â1, 1983; !{allin et ê1'

L979; Dilawari and Misiewicz, I973). One explanation for

this lack of conclusiveness may stem from the finding that

only 40t of patients with gastro-oesophageal reflux have

delayed gastric emptying (IvlcCaIlum et â1, 1981; Velasco et

al, 1982 ). Þletoclopramide and domperidone both enhance

lower oesophageal sphincter tone and gastric emptying

(Valenzuela, 1981; WalIin et âI, L979, Dilawari anrl

I4isiewicz, 1973; Cohen et al, L976; Schulze-Delrieu, L979¡

McCallum et al, 1983, Stanciu and Bennett, L973i Perkel et

â1, 1979, Bron and Þtassih, 1980) and would be expected to be

of particular use in patients with disordered gastric
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empt.ying and gastro-oesophageal reflux. Fink et al (1983b)

found that gastro-oesophageal reflux patients with normal

and delayed gastric emptying benefited from meÈoclopramide

in an acute situation. It is not known if a similar result

would occur with long-term treatment. It is also not known

if stratifying patients into normal or delayeC emptiers

would alter the outcome. The aim of this study was to try

an,il answer these questions by comparing the symptomatic

response to oral metoclopramide and domperidone over a four

week period in patients with gastro-oesophageal reflux.

Patients \,vere strati f ied according to whether they had

delayed or normal gastric emptying.

( i ) SYMPTOII4S

SUBJECTS AND METHODS

Sub-ìects

Patients were selected from those attending the

Department of Surgery at the Royal Adelaide Hospital, for

standard acid reflux testing (Kantrowitz et 41, :..969) and

oesophageal manometry. OnIy patients with symptomatic

gastro-oesophageal reflux and positive sÈandard acid reflux

testing took part in the trial. There were 23 patients ' 8

males and 15 females, median age 50 years (range 22-69). No

patient had a history of upper abdominal surgery and no

patient \{as receiving any medication known to alter gastric

emptying.

- 161 -



Radionuclide assessment

This was as previously described (section 3.2 (ii)a).

Previously determined laboratory values for 22 controls were

used to det.ermine the normal range for the solid and liquid

emptying.

Drug treatmenÈ

After the gastric emptying test the patients were

commenced on a double blind trial of domperidone,

metoclopramide or placebo. Ì,letoclopramide was given 10 mg

four times a day before meals, domperidone 20 mg four times

a day before meals and placebo four times a day before

meals. At the en,i[ of four weeks treatment, patients were

re-assessed and commenced on the next treatment. This

continued until all three treatments had been

administered. Possible side effects were discussed with

patients prior to conmencement of therapy and a 24 hour

contact telephone number provided. The inclusion of a

placebo was also made clear to all patients. Before

commencement of therapy and at the four week review the

patients had their symptoms assessed as outlined in section

3.4. the symptoms assessed were dysphagia, regurgitation,

epigastric f ullness , heart.burn, nausea, vomitirg,

constipation, diarrhoea and anorexia (de Dombal and HaIl,

L979 I .
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To aid recorlection of the month's symptoms' patients

were supplied with a diary on which they were asked to

record symptoms daiIy. If previously using antacid

(l"lylanta, Parke-Davis) they were also supplied with bottles

of antacid which could be freely taken but \^rere brought in

to be measured at the end of each four weeks.

If side effects $¡ere considered by the patient or

ceased anddoctor to be significant then the treatment was

the next blinded treatment given.

The code was broken at the end of the study.

Statistical methocls

2Results were analysed using the

differences between 2 mean vectors

regression analysis.

Hotelling T

(ùlorrison,

test
1967)

for

and

RESULTS

All but one patient commenced the Lhree treatments.

That patient completed 2 of. the 3 treatments but withdrew

from further participat.ion in the trial. Side effects

encountered during each treatment regimen are shown in Table

4.2. Four patients withdrew from a treatment course due to

side effects, 3 from the metoclopramide treatment and one

from the domperidone. Providing a patient completed more

than 2 weeks treatment then their symptoms assessment at
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TABLE 4.2

Metoclopramide

Domperidone

Placebo

SIDE EFFECTS ÐURING TREATIUENT

NO. PATIENTS SIDE EFFECTS

t
3

2

4

I

I
I

I
I
I

I"lenstrua1 disturbance
Di z ziness
Depression (1 withdrew)
Lethargy (2 wit,hdrew)
Dry mouth

Excessive salivation
Galactorrhoea (withdrew)

lIusc1e spasms

Depression
Di z ziness
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time of withdrawal was included. Where treatment was ceased

before two weeks no symptom scoring was performed. The

pat.ient who failed to complete all 3 courses withdrew from

the last treat.ment which $tas metoclopramide. One patient

withdrew from metoclopramide treatment because of lethargy

and one patient from the domperidone group because of

galactorrhoea. Therefore data $¡as obtained on 23 patients

for placebo, 22 for domperidone and 2L for metoclopramide.

Gastric emptying status prior to treatment. is shown in

Figure 4.9. Eleven patients fell outside the normal range

for solid gastric emptying and 5 for liquid gastric

emptying. In all, 13 patients had a delay of solid and or

tiquid emptying, leaving t0 patients with gastric emptyíng

within the normal range for solid and Iiquíd. Regression

analysÍs with components for metoclopramide, domperirlone and

placebo effects and also a componenL for prior treatment

effects (for example when domperidone was preceded by

metoclopramide and placebo etc. ), showed no significant

difference in symptom scores between the 3 treatments.

However aIl treatments showed a significant (p <

improvemenL when compared with the pre-treatment scores

(Fig. 4.10). When patients were subdivided into those with

normal solid and liquid gastric emptying and those with

delay of solid and/or liquid emptying no significant

difference vras found between these two groups in response to

treatments received (Fig . 4.10 ). Vùhen antacid consumption

during each month was considered, again no significant
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difference was found for the placebo or active treatment

periods.

DISCUSSION

The significance of the delay in gastric

in patients with gastro-oesophageal reflux

(t'lcCallum et al, t98I; Velasco et aÌ, 19821 .

emptying found

is not clear

Ir{etoclopramide and domperidone have been shown to

accelerate gastric emptying in patients with gastro-

oesophageal reflux (Corinaldesi et â1, 1983; McCallum et âI'

1983 ) . It is not surprising that the use of such agents has

been of equivocal benef it ( t'lcCallum et al , I977; Goethels '
IgTg; Corinaldesi et al, 1983; WaIIin et aI, L979, Dilawari

and l/lisiewicz, L973) as more than hatf of t.he patients with

gastro-oesophageal reflux have normal gastric emptying to

begin with. It has been demonstrated that acute improvement

in gastric emptying occurs following pharmacological

intervention (Fink et aI, 1983b), but it is not known if

these changes are sustained over weeks or months of

treatment. The relatively inconclusive benefit of such

treatment over a long period of time perhaps suggests thaÈ

the action is not sustained (McCa1lum et a1, L977; Goethels'

LgTg; Corinaldesi et aI, 1983; Wa]lin et â1, L979; Dilawari

and l"lisiewicz, 1973 ).
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This study has shown a significant sympt,omatic

improvement in patients with gastro-oesophageal reflux who

receive medication. However there was no significant

difference in the response between the active treatments of

domperidone and metoclopramide and the inactive treatment'

the placebo. Nor did the consumption of antacid vary

significantly between the 3 groups. No advice was given on

diet or anti-reflux measures to any patient. Nor \{as

antacid given to the patients if not already in use. It

appears that the reassurance and security perceive,il by the

patient in participating in the trial was of significant

beneficial effect. No difference in outcome was observed

for patient.s who had pre-existing gastric emptying delay.

If more rapid gastric emptying is of benefit to such

patients previous work would suggest that both normal and

delayed patients receive the benefit equally (Fink et â1,

1983b). this is support.ed by the f indings of this study.

Of concern however are the reported side effect.s. The dose

of metoclopramide used is within the recommended therapeutic

range for such patients, yet 11 side effects were reported

with 3 of the 22 paEíents who received it unable to complete

the course of t.reatment. The placebo treatment group also

reported 3 significant side effectsr âo aspect that should

not be forgotten when considering Èhe overall incidences of

side effects in such patient.s. The domperidone treatment

period was associated with excessive salivation but more

importantly Galactorrhoea in a 22 year old female 36 hours
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after commencing treatment

important side effect to be

agent.

49.5, range

con,ilucted at

Domper idone

(Maddern , L983 ) . This is an

aware of when prescribing this

This study does not provide an explanation why the

active agents were no more effective than the placebo. It

could have been because the acceleration of gastric emptying

was not sustained or because gastric emptying per se is not.

an important factor in the pathogenesis of symptoms of

reflux. This latter seems unlikely and it is believed that

more study is required of these gastric prokinetics before

one can be confident of their usefulness in the treatment of

gastro-oesophageal reflux disease.

( ii ) GASTRIC EMPTYING

INTRODUCTION

In order to answer the questions posed by the previous

study as to the effect of chronic adminisÈration of

domperirlone on gastric emptying a pre- and post-treatment

gastric emptying study was conducted.

lvlethods

A subset of 10 patients ( 4 males, 6 females, median age

34-69) had a follow-up gastric emptying study

the conclusion of one months treatment wíth

20 mg qid. The study was conducte'il one hour
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after t.aking domperidone following an overnight fast.

were analysed using a Wilcoxon paired sign rank test.

Data

Results

Pre and post gastric emptying studies for solid and

liquid are shown in figure 4.I1. No significant difference

$¡as found between the two studies.

Discussion

The effect of long-term administration of gastric

prokinetics on gastric emptying has not been studied. The

acute effects have been well documented (Corinaldesi et aI'

1983; McCallum et al, 1983), but whether t.hey are sustained

is not known. These results would indicate that from an

objective measurement of gastric emptying no long-term

improvement in gastric emptying of solid or tiquid gastric

emptying was observed.

(iii) OESOPHAGEAL EMPTYING

INTRODUCTION

The success of agents such as metoclopramide and

domperidone in treating gastro-oesophageal reflux may be

primarily due to their effect on oesophageal function. Both

agents have been shown to increase lower oesophageal

sphincter tone and improve oesophageal motitity (Bron and

I'tassih, I980; Schulze-Delrieu, L979). The ef fect. of chronic
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administration of domperidqne

to clear a solid bolus has not

on the ability of oesoPhagus

been studied.

Methods

A subset of

45, range 24-69)

before and after
qid. Data were

test.

11 patients (6 females, 5 males, median age

received solid oesophageal emptying studies

one months treatment with domperidone 20 mg

analysed using a Wilcoxon paired sign rank

Results

Figure 4.I2 shows the oesophageal emptying results

before and after treatment. No significant difference

existed in the solid oesophageal emptying following

treatment compared with the pre-treatment value' although

there was a trend towards more rapid emptying following

treatment in I of the ll patients.

Discuss ion

Chronic administration of domperidone in patients with

gastro-oesophageal reflux does not seem to be statistically

significant in improving the ability of the oesophagus to

clear itself of a solid bolus. The observed manometric

effects of acute administration of domperidone (Bron and

Iv1assih, 1980) may indeed persist in chronic administration

but they are not demonstrated by significant improvement of

oesophageal function, although with larger numbers of
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patients the trend observed may become significant'. Bot'h

the gastric emptying results and the oesophageal emptying

results following one months treatmenÈ with domperidone

would indicate that, care should be Èaken in usÍng such

treaùment for prolonged periods. As demonstrated in Sect'ion

4.2 (i) the symptomatic improvement with domperidone was not'

significantly better Èhan placebo.
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4.3 I¡IPACT OF NISSEN FUNDOPLICATION

(i) PRE- AND POST-OPERAIIVE GASTRIC EMPTYING

INTRODUCTION

Nissen first described his anti-reflux procedure in

1956 (Nissen , I956 ) . Since t.hen there have been nìfmerous

reports of fundoplication of the stomach in the treatment of

gastro-oesophageal reflux although techniques have varied

widely (Jamieson and Duranceau, 1984). The great majority

of patients experience complete relief of heartburn and

regurgitation following such operations (Ellis et â1, I976¡

Papp, L979¡ Goodall and Temple, I980; ElIis et â1, I973)-

Despite its success in treatment of gastro-oesophageal

reflux its precise mechanism of action is not understood

completely (Fisher et aI, 1978). Patients studied befcre

and after fundoplication have shown an increase in Iower

oesophageal sphincter pressure (Eftis et â1, L976; Papp'

Lg|9; GoodaII and Temple, 1980). However' not all patients

who undergo fundoplication have an increase in lower

oesophageal sphincter pressure post-operatively (Fisher et

al, 1978; Bjerkeset et al, 1980). It has been shown that an

operation impairs the ability of the lower oesophageal

sphincter to complet.ely relax. This creates a residual

lower oesophageal sphincter pressure at all times which acts

as a barrier to gastric contents refluxing (Kiroff et. âl t

I9B4; Dent et al, L982).
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Reports over the last few years have implicated delayed

gastric emptying as a factor associated with patients

suffering from gastro-oesophageal reflux (McCallum eÈ âI'
1981; Little et aI, 1980). It. has been noted that patients

with recurrent reflux symptoms after fundoplication had

abnormally delayed gastric emptying (section 4-3 ( ii ) ) .

However, these studies did not show what effectr if ânY, the

operation itself may have had on gastric emptying.

Therefore, this study rÄ¡as designed to assess the effect of

fundoplication on solid and liquid emptying from the stomach

in patients with gastro-oesophageal reflux disease.

MATERIALS AND I4ETHODS:

Subjects

Twenty one patients (II males, I0 females, median age

47, range L9-72) were studied after giving informed consent

f or the st.udy. All patients were ref erred f or surgical

treatment following unsuccessful medical management of

gastro-oesophageal reflux and described symptoms of

heartburn and regurgitation. All had been symptomatic for

more than two years and had objective evidence of gastro-

oesophageal reflux on standard acid pH testing. Unequivocal

oesophagitis on endoscopy was observed in eleven patients.

The surgical technique

the fundus and upper part

employed was a

of the body of

standard one with

the stomach being
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mobilized and wrapped around the lower 4-5 cm of the

oesophagus. The wrap thus used both anterior and posterior

walls of the stomach (Jamieson and Duranceau, 1984). The

fundic wrap included the anterior vagus nerve and excluded

the posterior vagus nerve and was performed with a No. 52

French l"laloney bougie in position in the oesophagus.

Radionuclide assessment

Prior to surgery and again six months post-operatively

patients underwent an assessment of solid and Iiquid gastric

emptying using the radionuclide technique which has been

described previously (section 3.2 (ii)a).

Statistical Anal-ysis

Data was analysed using the Wilcoxon matched pairs

signed ranks test.

RESULTS

All patients were available for follow-up at 6 months,

and the early results of their operation assessed as being

good to excellent. Symptoms of heartburn and regurgitation

were absent. In all patients solid emptying was slower than

liquid empt.ying and was characterised by a lag period

followed by linear emptying. There was a significant
decrease in the percentage of solid remaining at 100 minutes

in the post-operative group compared with the pre-operative

group (Fig. 4.13). The lag period was not significantly
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altered, but

post-operative

the rate of emptying was more rapid in the

4.3).group (Table

The liquid emptying was non-Iinear and followed a mono-

exponential paLtern. Liquid T50 uras significantly faster
arso (Fig. 4.r4) in the post-operative group compared to the

pre-operative group (Table 4.3).

DISCUSSION

The success of a fundoplication in controlling the

sympt,oms of heartburn and regurgitation has been well
established in short-term follow-up studies (El1is et al,
1976; Papp, L979¡ Goodall and lemple, 1980; DeMeester et â1,

L974; Bushkin et â1, L977). Its success has been attributed
primarily to its effect on the lower oesophageal sphincter

by simply increasing the mean resting pressure (Papp, L979¡

Goodall and Temp1e, 1980; Ellis et â1, 1973). It. has also

been shown to create an effective one way valve mechanism,

at least against sudden pressure increases. It may also

produce a residual lower oesophageal sphincter pressure that
prevents transient lower oesophageal sphincter relaxations
(Kiroff et. aI, 1984; Dent et al, 1982) and therefore gastro-

oesophageal reflux.

Some patients with gastro-oesophageal reflux, both with
and without oesophagitis have been found to have a delay in
gasÈric emptying (D4cCaltum et âI, I98I; Little et â1, 1980).
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TABLE 4.3

RESULTS OF GASTRIC EÛ,IPTYING IN PATIENTS BEFORE AND AFTER

NISSEN FUNDOPLICATION.

VALUES ARE II4EDIAN IIIITTI RANGE IN BRACKETS

PREOPERATIVE POSTOPERATIVE SIGNIFICANCE

LEVEL

Number of subjects 2L 2L

SoIid lag period
(min )

Solid linear
rate ( t,/min )

Solid retention
at 100 min (t)

Liquid T50 (min )

51
(r7 -79 I

0.8
( 0 .2-r.5 )

s0
( 19-90 )

22
( 9-3s )

49

( 12-68 )

r.0
( 0.4-1.7 )

44

( s-89 )

13

9-27 )

n.s

p<

p<

p<
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T4. significance of Èhis in the pathogenesis of gastro-

oesophageal reflux is uncertain, but may relate to

prolongation of the post prandial state or gastric

distension and its effect on the lower oesophageal sphincter

. (Jamieson and Duranceau, 1983). However, the delayed

emptying does not appear to correlate with basal lower

oesophageal sphincter pressure ( Fig. 4.5, Fig . 4 .6 ) -

This study shows that both solid and tiquid gastric

emptying are enhanced following fundoplication. Liquid

gastric emptying was more rapid in aII but' 5 patients

following operation. SoIid emptying was also more rapid

post-operatively in 14 patients. The lag period for solid

emptying did noL alter significantly from pre-operative

assessment, with the increase in empt.ying being achieved by

a more rapid rate of emptying rather than a shorÈer period

prior Èo emptying commencing. Stress can delay gastric

emptying ( Stangheltini et al, 1983b ) anit a possible

explanation of these findings might be that the second test

(i.e. post-operaÈive1y) was performed with a patient, less

fearful of the investigation. However, reproducibility

studies found no significant difference from the first test

administration when compared with the second in the same

subject (Collins et aI, 1983). The reason for the increased

gast.ric emptying may relate to increased fundal tone which

in turn is a result of decreased funda] capacity following

the fundoplication. Fundal tone is the principal
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determinant of gastric empÈying of Iiquids (Behar and

Ramsby, L978¡ Hinder and Kellyt L9771 while antral activity

is responsible for controlling the emptying of solids
(Hinder, 1983; Rees et aI, 1979¡ HoIt et al, L9821.

Decreased fundal capacity would thus be an explanation

for the observed liquid emptying acceleration. Present

understanding of solid emptying makes the explanation for

the observed increase in solid emptying more difficult to

explain. Velasco et aI (1982) found no alteration in solid

gastric emptying of 10 paÈients or liquid gastric emptying

in 6 patients studied before and after anti-reflux

surgery. However, their patients had a posterior gastropexy

operation and therefore probably had no alterat.ion in their

fundal capacity.

Although gastric drainage operations have been used in

the treatment of gastro-oesophageal reflux (Burford and

Lischert 1956¡ Herrington, 1960), they generally have fal1en

from favour (Vansant and Baker, 1976). It is worth noting

that in this study six patients had delayed gast.ric emptying

for solid pre-operatively ( i.e. outside our laboratory

normal range, and five of these six paÈients had normal

solid emptying post-operatively. This means that one could

not use a test such as in this study pre-operatively, to

select patients who should have gastric drainage procedure

added Èo their anti-reflux operation. If delayed gastric
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empLying per se is found to be an important pathogenetic

mechanism in the development of symptomatic aastro-
oesophageal reflux then enhancement of emptying by

fundoplication may be a furEher mechanism by which this

procedure achieves its excellent results.

( ii ) FAILED FUNDOPLICATION

INTRODUCTION

Long-term follow-up results of anti-reflux surgery have

been reported infrequently. However, it. appears that an

increasing number of patients develop recurrence of their

symptoms as time passes (EIlis et â1, I976; Jamieson and

Duranceau, 1984). Even short term follow-up studies reveal

a significant number of patients with recurrent symptoms of

reflux (Papp, L979¡ Goodhal-I and Temp1e, 1980; DeMeester et

âI, L97 4; Bushkin et â1 , L977 ) . Little is known of t.he

pathogenesis of these surgical failures. However, delayed

gastric emptying is implicated in the pathogenesis of reflux

disease (llcCallum et âI, f981t Little et aI, f980). As

described in section 4.3 (i) anti-reflux surgery enhances

gastric emptying, thereEore a study into the gastric

emptying of patients who have failed anti-reflux surgery was

conducted. The aim of the study was to investigate the

solid and liquid gastric empLying in patients who presented

with recurrence of gastro-oesophageal reflux symptoms
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following anti-reflux surgery.

I,lETIIODS

Subiects

Sixteen.patients (6 ma1es, 10 females, median age 59

years, range 33-75 ) who presented to the Department of

Surgery of the University of Adelaide with recurrent reflux

symptoms of heartburn or regurgitation, following anti-

reflux surgery were investigated. Objective evidence of

reflux \{as said to be present if as well as symptoms,

patients demonstrated unequivocal evidence of oesophagitis

on endoscopy or evidence of acid reflux on standard acid

reflux t.esting. The median time between operation and

investigation was 39 months (range f3-89). Ifost of the

patients had undergone a Èotal fundoplicaÈion, with the

operations having been performed by eight different

slrrgeons. Three patients had undergone a Belsey type

operation. Associated procedures carried out at Èhe time of

anti-reflux surgery were a biliary drainage operation in one

patient and highly selective vagotomy in another.

A control group of the 2L patients who had undergone a

standardised fundoplication approximately 6 months

previously hras used (Section 4.1 (i)). For furt.her

comparison the 22 normal volunteers (L2 males, 10 females '
median age 36, range 2L'62) were also considered. So too

was a group of 83 patients with documented gastro-
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oesophageal reflux (3g males 
' 44 femalesr ,nedian age 51,range 19-75 ) ' A final sub-group of 32 0f this ratter groupof patients (r7 mares' 15 femalesr median age 52.5re-7s) who prosressed ro anti_refr_ux 

";,:,,":-" 

at.:, ranee
for comparison -e¡+u'¿r surgery were a1so used

a
u
F

Radi onue I
The

3.2 (ii)

SSE SS nt
Previously described

a). r,vas used ( Section
technigue

Stat isti ca1 an1 avsis
Data hrere analysed using the hlilcoxon unpaired test.

RESULTS

The gastric emptying results for normal volunteers,patients with gastro_oesophageal 
refluxr the sub_group thatprogressed to anti-reflux surgery, those re-studied at sixmont,hs following a standardised fundoplication and the groupwith a failed anti_reflux procedure are shown in fiand 4 ' 16 ' sorid ernprvins h'as .n"; "-ï: 

risure 4 ' rs
emprvins period ( las period ) f o110w". 

':ïï':::".T a pre-
emptyingpattern' The percentage of solid remaining at 100 minutes(Figure 4.15) was significantly greaterr median 662, (range27-I0O) in the failed operative group compared with thepost-fundoplication 

patientsr ftedian 43s (range 5-g9¡ (p <
0'0001)' normal volunteers (median, 30t, range r2_65) (p <
0.0001 ) , pat ents with gastro_oesophageal 

reflux, median
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60t, (range 9-I00) (p <

median 57.5t, (range 19-90) (p <

significant difference between the lag period for the failed

operative group and the other patient. groups and in

particular to the post-fundoplication patients (p <

(Table 4.4).

Liquid gastric emptying followed a mono-exponential

pattern of emptying. The time taken for 50t of the liquid

marker to clear the gastric region of interesÈ (Figure 4.16)

$/as significantly slower (p <0.01) in the failed operative

group, median I8.5 min, (range 2-60) compared with post-

fundoplication patients, median 13 min, (range 8-27 ) (Table

4 .4). This lt¡as , however, not the case when the f ailed

operative group was compared with the group of gastro-

oesophageal reflux patients who were significantly slower (p

<0 .05 ) (median 25 min, range 4-78 ) .

DISCUSSION

The success of anti-reflux surgery and in particular

fundoplication has been well demonstrated by others (EIlis

et â1, L976; -Kiroff et â1, 1984; Papp, 1979¡ Goodhall and

Temple, 1980; Delvleester et âI , 1980, Bushkin et al ' 1977 I .

The low failure rate associated with the procedure makes it

ctif f icult f or one surgeon to provide enough data f or

analysis of possible factors which might have contributed to

Èhe failure of the surgery. This study is based on patients
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TABLE 4.4

RESULTS OF GASTRIC EMPTYING IN NORMAL VOLUNTEERS

CONTROL PATIENTS 6 I{ONTHS FOLLOWING FUNDOPLICATION, AND

PATIENTS WITH RECURRENCE OF GASTRO-OESOPHAGEAL

REFLUX FOLLOWING ANTI-REFI,UX SURGERY.

VALUES ARE I4EDIANS WITH RANGE IN BRACKETS

SIGNIFICANCE

LEVEL BET!{EEN

NORMAL CONTROL FAILED CONTROLS AND

VOLUNTEERS PATIENTS OPERATION FAILED GROUP

2TNo of subjects

SoIid lag
period (min)

Solid emptying
rate ( 8/min)

Solid remaining
(at I00 min(t)

T50 Iiquid

22

35
(9-69)

L.25
(0.7-2.3)

30

( 12-6s )

I8
( 11-3s )

48

( 12-84 )

1.0
(0.4-r.7)

16

5r.5
( 24-100 )

0 .7r
( 0.43-1.67 )

43

( s-89 )

13

(8-27 I

66

( 27-100 )

18 .5
(2-60 )

n. s.

p<.0001

p<.0001

p<.01
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ref erred to one cent.re f or

symptoms of heartburn and

reflux surgery, performed by

assessment of recurrent reflux

regurgitation following anti-

eight different surgeons.

Failure of anti-reflux surgery has not been well

studied. Dehiscence of the suture line following a repair

has been reported (Leonardi et alr 198I; Hill et aI' L979¡

Henderson, 1978). Nissen fundoplications have also been

known to nslip" (Leonardi et â1, 1981; Hill et aI' L979¡

Henderson, 1978). Such events could presumably be due to

extreme pressure being exerted on the repair in association

with vomiting or "gas btoat" (Leonardi et â1, 1981) -

However, in the study group no attempted vomiting event had

occurred and "gas bloat" was not recorded as a major problem

in any patient. Further, in the early years post-

operatively many of these patients had been symptom free.

The recurrence of symptoms in this group did not appear to

be associated with one precipitating event but rather

occurred over an extended period of time. A number of

sLudies have shown that many patients with gastro-

oesophageal reflux have delayed gasÈric emptying (McCaIIum

et al, IgBI; Little et âI, 1980). It has been suggested

that this delay plays a role in the etiology of the

disease. Failure to correct this delay may permit gastro-

oesophageal reflux to recur. It was earlier shown (section

4.4 (i)) that patients who underwent fundoplication improved

their gastric emptying at 6 months post-operatively when
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compared with their pre-operative values. A group of such

patients who had had successful anti-reflux surgery lfas as

close to a control group as $tas possible for the study. In

comparison with such a group, the failed surgical group have

significantly slower solid and liquid emptying. If a

comparison is made with patients who have a gastric emptying

study prior to anti-reflux surgery the faited operative

group is significantly slower than t.he pre-operative group

for solid but not liquid emptying. This result is repeated

when the failed operative group is compared for solid

emptying wit.h the group of 83 patients with gastro-

oesophageal reflux which were studied, althouth interesting

the failed group is more rapid than the total reflux group

for liquid emptying, perhaps due to some acceleration in

Iiquid emptying induced by the anti-reflux surgery- The

cause of the delayed emptying in the failed operative group

may reflect that the paÈient had extreme delay from the

outset and that the fundoplication has not improved the rate

of emptying sufficiently or it may indicate that vagal

damage had occurred at the time of surgery (Bushkin et â1,

1977; Herrington et âI, 1982). Such damage may aggrevate

already delayed emptying or create a significant delay in a

previously normal patient.

Another way to study that delayed gastric emptying is

recurrent reflux would be to study a largerassociated

group of patients prospectively with gastric emptying

wiLh
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studies both before and after their surgery and then after a

prolonged follow-up. Howeverr âs already mentioned, the

number of patients who develop recurrent reflux is

relatively sma1l. In section 4.3 ( i ) only one patient had

delayed emptying outside our normal ranger after surgery.

Therefore, the number of patients studied would have to be

very large indeedr âûd in view of the time and cost involved

in such a project it is untikely that such a study would be

carried out.

Neither the pre-operative patients not the post-

operative patients are an ideal control group. The pre-

operative group have not undergone an operation whereas the

post-operat,ive groups have been followed for only 6 months

which is not a comparable time to the failed operative group

who have a median time of follow-up of 39 months. In spite

of the deficiencies in the study it does raise the

possibility that delay of gastric emptying of particularly

solidr mây be a factor in leading to recurrence of

symptoms. One possible mechanism would be the continual

gastric distention occuring with the delayed emptying. This

might place continuing stress on the anti-reflux

construction leading to its gradual weakening with time. If

this is the case, then it may be of some relevance to the

surgical management of these patients. For example the

addition of highly selective vagotomy (Carlbergert 1975) at

the time of initial surgery or re-operation may improve the

-r94-



gastric

gast,ric

form of

emptying. In established failures

emptying re-operation probably should

drainage Procedure or it may even be more rational

witfr delaYed

include some

tocarryoutanantrectomywithRoux-en-Ydiversion(Washer

et âlr 1984). Therefore' whilst the place of gastric

emptying procedures in patients with gastro-oesophageal

reflux remains uncertain' it is an area which deserves

continuing studY'
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4.4 SECONDARY GASTRO-OESOPEAGEAI, REFLT]X

( i ) SCLERODERIÍA

INTRODUCTION

Although it is well documented that progressive

systemic sclerosis is associated with abnormalities in

oesophageal motor function (Creamer et aI, 1-976; Saladin et

âI, L966; Turner et aI, 1973; Clements et â1, L979;

Weihrauch and Korting, L982), little is known about gástric

motor function and gastric emptying in patients with this

disease (Barker et al, L979; Rees et â1, 1982). Oesophageal

emptying of refluxed material is regarded as an important

defence mechanism of the oesophagus in the prevention of

symptoms of heartburn and dysphagia (Booth et aI, 1968;

Skinner and Booth, L970¡ Stanciu and Bennett, ]-974a).

GasÈric emptying may be an import.ant factor in the

development of gastro-oesophageal ref Iux (l"lcCallum et al'

198It Little et â1, 1980). Progressive systemic sclerosis

is frequently complicated by gastro-oesophageal reflux with

resultant oesophagitis and st.ricture formation. These

complications are often progressive and difficult to treat
(Orringer et al, L976; Henderson and Pearson, L973). In

this study the radionuclide technique for oesophageal and

gastric function studies has been used to document changes

in upper gastrointestinal motility in a group of randomly

selected patients with progressive systemic sclerosis.
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lIETTIODS

Oesophageal and gastric emptying tests v¡ere performed

in 22 normal volunteers (12 males, 10 females) who $¡ere non-

smokers and had no evidence of gastrointestinal disease

(median age 34, range 2L-62) | and 12 patients with

progressive SyStemic Sclerosis aII of whom ha':l been

symptomatic f.or at least L2 months prior to this study.

There were I0 females and 2 males in the patient group,

median age 45 (range 27-69). The diagnosis of progressive

SyStemic sclerosis vras established according to several

clinical and laboratory tests. All patients had Raynaud's

phenomenon, digital or palmar telangiectasia, sclerodactyly

and nailfold capillary abnormalities. Ivlany also had one or

more of digital ulcers, calcinosis and evidence of visceral

involvement (pulrnonary, gastro-intestinal and cardiac). A1I

patients had antinuclear antibody. No account of

gastrointesÈinal symptoms was taken in choosing patients for

the study. Any medication known to influence gastric

emptying was ceased for at least 24 hours prior to the

study.

obtained in atl cases and

Research Review Committee of
Informed consent was

study was approved by the

Roya1 Adelaide Hospital.

the

the
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Symptomatic Assessment

Prior to performance of gastric and oesophageal

emptying, patients were asked if they suffered from any

difficulty in swallowing or from heartburn. Symptoms vtere

scored by the usual method (deDombal and HaII , L9791.

Statistical Analysis

Results were analysed using the Wilcoxon unpaired test.

RESULlS

Symptoms

It was found that 9 of the L2 patients suffered

heartburn with a median symptom score of 7 (range 2-L2r. Of

these 9 patients, 7 had delay in gast.ric emptying of solid

or liquid and the remaining 2 patients had normal emptying

studies.

It was found that 7 of

dysphagia, with a median symptom

All patients with dysphagia

emptying.

the 12 patients suffered

score of 4 (range 3-12).

had delayed oesophageal

systemic

emptying

emptying

All 7 of

Oesophaqeal emptyinq

The group of patients with progressive

sclerosis had significanÈly delayed oesophageal

(Table 4.5). In 7 of the 12 patients oesophageal

rates were outside the control range (Fig. 4.L7).
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TABLE 4.5

RESULTS OF GASTRIC AND OESOPTIAGEAL EMPTY ING IN CONTROLS AND

PATIENTS IiIITH PROGRESSIVE SYSTEMIC SCLEROSIS (P.S.S. )

VALUES ARE ¡{EDIANS WITH RANGE IN BRACKETS

CONTROL P.S.S SIGNIFICANCE

LEVEL

22 L2

Number of
Subjects

SoIid lag
period (min )

SoIid linear
rate (t/min)

Solid retention
at 100 min (t)

Liquid T50
(min )

Swallows to
empty

oesophagus (T95)

35
( 9-69 )

L.25
(0.7-2.3)

30

( 12-6s )

I8
(1r-35)

2

(1-9)

46
(20-80 )

0.44
(0.Is-0.95)

77 .5
( 49-921

33
( 11-57 )

30

( 2-30+ )

p<

p<

p <.0001

p<

p<
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these patients also

for either solíd ( 6

emptying.

had emptying rates outside control range

pat.ients) or liquid (4 patients) gastric

Gast.ric emptyinq

Solid emptying: In aII subjects solid emptying was

slower than liquíct emptying and was characterised by a lag

period followed by linear emptying. There was a significant

delay of solid food emptying in Èhe progressive systemic

sclerosis group, with a prolonged lag period, increased

percentage of activity remaining in the stomach at 100

minutes and reduction in the rate of linear emptying (Table

4 .5 ) ( Fig . 4 .I8 ) . Nine of the LZ patient.s had solid

emptying times outside the control range (Fig. 4.19).

Liquid emptying: The liquid emptying \ùas non-linear

and followed a mono-exponential pattern. Liquid emptying

\,vas delayed in the progressive systemic sclerosis group with

an increased T50 (Table 4.5) (Fig. 4.I8). In 7 of the L2

patients tiquid emptying was outside the control range (Fig.

4.20) .

DISCUSSION

upper gastrointestinal symptoms occur frequently in

progressive systemic sclerosis with the symptoms of

oesophagitis and sometimes stricture formation being

encountered most often. Assessment of such patients in the
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past has been by manometric techniques (Creamer et alr L976¡

Saladin et â1, Lg66; Turner et al, 1973i Clements et aI,

L979) which are not always well tolerated by patients or

readily available. Assessment of gastric function in these

paÈients has been much less studied. Barker et al (1979)

using a Iiquid meal reported that two patients with systemic

sclerosis displayed mass retropulsion of the contents of the

antrum into the fundus. Rees et a1 (1982) found that

fasting motor activity in the antrum, duodenum and proximal

jejunum was abnormal in scleroderma patients who had

clinical and radiological evidence of small bowel

involvement.

The radionuclide techniques used are well tolerated and

can be used routinely to assess patients with progressive

systemic sclerosis. Poor oesophageal emptying was present

in 7 of L2 patients. Those 7 patients were also found to

have delayed gastric emptying confirming the observation

that progressive systemic sclerosis frequent.ly extends

beyond the oesophagus in its gastrointestinal involvement

(D'Angelo et â1, 1969). Oesophageal motor abnormalities are

probabty responsible for the delayed oesophageal emptying we

have observed, and the moLor abnormalities no doubt play a

role in the development of dysphagia in these patients.

Should oesophagitis and stricture formation occur, then this

will lead to a vùorsening of the dysphagia.
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The solid gastric emptying delay in 9 of the L2

pat.ients and the liquid delay in 7 of the L2 was found in

randomly setect.ed patient.s suf f ering f rom progressive

systemic sclerosis ( i .e. the patients were not selected

because they had gastrointestinal symptoms ) . This high

percent.age displaying ilelay in gastric emptying has not been

recorded previously in progressive systemic sclerosis '

Treatment of the oesophageal symptoms of these patients

is difficult. Medicat management has usually attempted to

increase the pH of any refluxed material. The results of

this study indicates that drugs which promote gastric

emptying may be of value in these patients. Agents such as

metoclopramide have been used with varying success in

patients with gastro-oesophageal reflux although no studies

have been published with stratified pat'ients according to

their gastric emptying status prior to chronic treatment

( Stanciu and Bennett , ]-97 3 ¡ lvfcCallum et aI , L977 t 19 83 ) .

Further r Do Systematic studies of such agenÈs appears to

have been made in patients with progressive systemic

sclerosis and symptoms of reflux.

AnÈi-reflux surgery is designed to prevent reflux

occurring, but because of poor motor function in the

oesophageal body there is a tendency for Èhe passage of a

bolus into t.he stomach to be impeded and for this reason

dysphagia may be aggravated. To try and prevent this
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problem, it has been suggested that a "floppy" valvuloplasty

should be constructed (Donahue and Bombeck' 1977). However'

it is known that recurrence of symptoms after anti-reflux

surgery occurs more commonly in patients with progressive

systemic sclerosis than in patients operated on for primary

gastro-oesophageal reflux (Orringer et âI r' 1981 ) . This

study at. least raise the possibility that systemic sclerosis

patients being operated on for severe gastro-oesophageal

reflux problems should also have gastric empt'ying problems

treated at t.he same time. As the problem is possibly antro-

duodenal (Barker et âI, L979) this may mean antrectomy

either with a gastroduodenal anasLomosis or gastro-

jejunostomy with a Roux-en-Y loop.

Prior to management decisions being taken with these

patients, iÈ may be important, t.herefore, to adequately

document their gastric emptying status. These studies

indicate that the majority of patients \dith progressive

syst.emic sclerosis and gastro-oesophageal reflux symptoms

have a gastric emptying problem. However' in terms of the

individual patient, this cannot be assumed. This is

illustrated by our two patients with heartburn, who had

normal gastric and oesophageal empt.ying studies.
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(ii) AUTONOMIC NEUROPATITY

TNTRODUCTION

Oesophageal motor dysfunction, characterised by a

reduction in the primary peristaltic wave with frequent

spontaneous contractions has been demonstrated in paÈíents

with diabetes mellitus by manometric and radiological

Techniques (Vix, L969¡ Silber, L969¡ lvladelstam et â1, L969¡

VeIa and Balart, L970¡ Horgan and Doyle, L97I¡ Stewart et'

â1, Ig76; Hollis et aIr L977). Oesophageal dysfunction is

relatively common in diabetes mellitusr mâY be asymptomatic

and is often associateil with peripheral neuropathy (HoIIis

et â1, L977 ) . The treatment of oesophageal disorders in

diabetics is often unsatisfactory.

The radionuclide technique to measure oesophageal

emptying in diabetic patients with autonomic neuropathy has

been used and the effect of acute and chronic administration

of oral domperidone on oesophageal emptying (Bron and

Mass ih , I9 80 i Po z zessere et âl , L982 ) an'il symptoms of

dysphagia and heartburn has been assessed in these patients.

SUBJECTS AND }TETITODS

A control group of 31 subjects (median age 33, range

L9-62) II males, 20 females was used. No subject had a

history of upper gastrointestinal symptoms or Surgery. All

were non-smokers and no medication was being taken.
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The diabetic group comprised L2 patients (6 male, 6

female), mean age 43 years (range 2L-6L), who were ambulant

outpatients, had insulin dependent diabetes for at least 10

years an,il rrlere subsequently demonstrated to have autonomic

neuropathy. AII had other complications of diabetes

metlitus including nephropathy, retinopathy and peripheral

neuropathy. AI1 were non-smokers and were not taking

medications known to affect gasÈrointestinal motiliÈy.

Informed consent was obtained in all cases and the study was

approved by the Research Review Committee of the Royal

Adelaide Hospital.

All diabetic patients underwent: (a) a subjective

assessment of symptoms of dysphagia and heartburn, (b) an

objective assessment of autonomic nerve function by standard

non-invasive physiological methods, (c) assessment of the

acute and chronic effect of domperidone on oesophageal

emptying.

Assessment of svmotoms of dvsphaqia and heartburn

Patients were evaluated by a stan,ilard questionnaire for

symptoms of dysphagia and heartburn. They were scored as 0

= none, 1 = mild (symptom could be ignored if the patient

did not think about it), 2 = moderate (sympt.om could not be

ignored, but did not influence daily activities), 3 = severe

(symptoms influenced daily activities). Delayed oesophageal
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emptying due to
gastroi ntestinal

organic obstruction was excluded by upper

endoscopy.

Ob-iective assessment of autonomic nerve function

Parasympathetic function was evaluated by the hear rate

variation (R-R interval) during deep breathing and the

immediate heart rate response to standing (30:15 ratio).

Sympathetic function Idas assessed by the fa11 in systolic

blood pressure in response to standing. AI1 patients were

required to have abnormal results on tests of

parasympathetic function, according to criteria outline by

Ewing and Clarke (1982).

Measurement of oesophaqeal emptying

The solid bolus test (section 3.1 (iii)a)was used in

each subject three oesophageal emptying tests were

performed. Two initial oesophageal emptying tests were

separated by a maximum period of 7 days. One hour before

each test, patients \{ere given 40 mg of domperidone orally

or placebo in double blind fashion. AII patients then

received domperidone (20 mg three times a d.y, 30-60 minutes

prior to meals ) . The third oesophageal emptying test was

performed 60 minutes after Èhe administration of 40 mg

domperidone orally, when each patient had taken domperidone

for 35-5I days (median 38). Symptoms of dysphagia and

heartburn were recorded again at this time. Drug compliance

was assessed by tablet counts aÈ each visit.
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Statistical l'lethods

Data were evaluated

signed rank test and

coefficienÈ (r= ) .

using the lrlilcoxon matched Pair

the Spearman rank correlat'ion

RESULTS

The symptom of dysphagia was present in 5 of 12

patients prior to treatment (median score 2' range 2-3).

After treatment with domperidone for 37-51 days it was

present in 4 patients (median score I.5, range L-21.

Heartburn was initially present in 6 patients (median score

1.5, range 1-5 ) and following treatment only 2 patients

complained of heartburn, one severe, the other mild.

Neither of these changes were statistically significant.

only 2 of the 5 diabetic pat.ients with oesophageal emptying

outside the normal range complained of dysphagia, the same

two also describing heartburn. Oesophageal emptying was

significantly slower (p <

diabetic aroup compared to the control (Fig. 4.2L).

Oesophageal emptying did not significantly alter after

administraion of domperidone either after acute or after

chronic administration (Fig. 4.221.

DISCUSSION

Tests measuring oesophageal radionuclide transit using

liquid or solid food boluses are non-invasive and relatively
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simple to perform. Recent evidence suggests that they are

as sensitive as manometric techniques in detecting

oesophageal dysfunction in diabetes (RusseII et alr I983)

and other oesophageal motility disorders (Tolin et aI, L979¡

Blackwell et â1, 1983). The finding of a marked delay of

oesophageal emptying in 4 of the L2 diabetics studied (of

which 3 were asymptomatic) is consistent. with this. The use

of a solid food bolus may be more appropriate than liquid in

the detection of clinically significant abnormalities of

oesophageal emptyingr Ets patients usually complain of solid

food dysphagia.

The etiology of the oesophageal dysfunction in diabetes

mellitus may be due to vagal neuropathy (Hollis et âI,

Lg77). The use of prokinetic drugs such as metoclopramide

and bethanechol in the treatment of disordered oesophageal

motility (and the resulting delayed emptying) has been

suggested and supported by objective evidence of increased

contractile activity in the oesophagus after administration

(Hol1is et. al, L977). However although manometric studies

may demonstrate objectively that increased motor activity

occurs after such pharmacological inÈerventionr this may not

correlate with increased emptying.

Domperidone is a new gast.rokinet.ic drug which is a

potent peripheral dopamine antagonist Iike metoclopramide

but lacks cholinergic activity and does not cross the blood-

-2r4-



brain barrier, consequently neurological side effects are

rare. Report.s (Bron and t'lassih, I980 i Pozzessere et aÌ '
L982; Brogden et â1, 1982; Horowitz et âI, I985 ) have

indicated that domperidone is effective in a variety of

gastrointestinal disorders.

This study demonstrates that domperidone does not

improve oesophageal emptying of a solid bolus in patients

with diabetic autonomic neuropathy. The results show a

trend toward improving the symptoms of heartburn after

treatment, however, the numbers of patients are small and

the change is not statistically significant. Further, a

placebo was not included in the prolonged treatment

course. The same dose of oral domperidone has previously

been demonstrated to increase both solid and liquid gastric

emptying in these patients (Horowit z eL al, 1985 ) . It

therefore appears likely that the oesophageal emptying

disorder in diabetics is more resistant to treatment with

prokinetic drugs than delayed gastric emptying.
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SBCTION V

SUMMARY AI{D CONCLUSIONS

¡4ETITODS USED IN THE ASSESSMENT OF GASTRO-OESOPHAGEAL REFLUX

DISEASE

The array of opt,ions available for the investigations

of gastro-oesophageal reflux disease have been outlined in

section II. A number oE them are novt mainly of historic

interest in understanding the evolution of concepts oE

gastro-oesophageal reflux. The measurement of lower

oesophageal Spincter pressure by a low compLiance infusion

syst.em is particularly useful in documenting patients who

have no recordable pressure in Èhe lower oesophageal

sphincter and it can also be useC to monitor changes

following active interventions such as fundoplication.

However, such pressure measurement does not predict the

presence or absence of reflux disease. Frrrther, to record

accurab,ely a continuous trace from the lower oesophageal

sphincter region it is necessary to use some form of sleeve

Sensor. Such a sleeve is capable of recording the maximal

pressure despite movements of the sphincteric region -

In patients with gastro-oesophageal reflux the

recording of oesophageal motility is helpful in diagnosing

causes for symptoms of refÌuxt e.g. progresssive systemic

sclerosis, diabetes. It may also reveal conditions such as
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oesophageal spasm which can mimic reflux symptoms. Such an

aSSessmenÈ assumes even more importance if a patientr s

Symptoms are considered Serious enough to warrant surgery.

This study has sho\"¡n that oesophageal manometry is a

reproducible technique which is ábte to measure the motility

variables in a reproducible fashion from one day to the

next. Debate still centres on the methods used and the

interpretat.ion of the measurements obtained and a

universally accepted code remains tc be developed.

Tests of oesophageal function that are able to

translate the motility appearances into a more physiological

assessment continue to be sought. Oesophageal acid

clearance has not been found useful in this study and was

not used further. However, the principle of clearance has

been developed in the form of radíoisotopic techniques for

measurement of the oesophageal emptying of an ingested

bolus. The solid bolus method described uses a

physiological environment in which to measure oesophageal

function. Its main advantages are that it is reproducible,

non-invasive, easy to perf orm provirling the appropriate

equipment is available and it is well tolerated by

patients. It offers a useful screening method for impaired

oesophagat emptying r ând. is capable of showing differences

between the upright and supine posit.ion. It. is however not

as sensitive as a liquid bolus in detect.ing the subtle
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changes that occur in an acidified oesophagus and may not be

as useful as liquid in measuring the results of

pharmacological manipulations of oesophageal function.

However, dysphagia for solids is an important symptom of

reflux and there has been no satisfactory \day of assessing

this prior to this study. Radioisotopic swallows allow a

quantitative assessment of oesophageal function in a way not

possible with barium studies. At present the test'

complements rather than supplants oesophageal manometry.

Objective evidence of pathological gastro-oesophageal

reflux is not always easily obtained. Symptoms can be

misleading or absent, encloscopy of ten f ails to det'ect

abnormality, and histology is not always conclusive.

Although 24 hour pH monitoring ' particularly with the

ambulant solid state devices currently available' offers the

best technique in demonstrating abnormal reflux, its use has

Iimitations in patient compliance and logistics. Short term

pH testing by loading the stomach with acid seems to be a

useful reproducible measure of demonstrating reflux, and

probably will continue to be a first line investigation for

reflux. The elaborate 24 hour pH studies will be restricted

to Iess clear-cut caseS of gastro-oesophageal reflux t oE

where secondary complications such aS oesophageal Spasm or

pulmonary involvement occur.

Determination of gastric emptying by radionuclide
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techniques have become more sophisticated over the last

decade. In that time a number of studies have tried to

unravel the connection (if any) between delayed gastric

emptying and gastro-oesophageal reflux. The isotopic

technique used in this study has been demonstrated to be

reproducible over short int.ervals (7 days ) in normal

subjects. Changes are also reproducible Some months later

in gastro-oesophageal reflux patients. The technique is

complex and not readily applied from one institution to the

next. It was f.or this reason and the concern about multiple

testing and consequent radiation doses that led to a study

into the usefulness of paracetamol assessed gastric

emptying. This technique \â7as Eundamentally sirnple, and. safe

for patients. However, it was found to be unsatisfactory in

individual patients, probably due to individual variation in

gastro-intestinal absorbEion and metabolism. Perha.os it

will have a place in institutions without nuclear medicine

facilities and also in situations where groups are to be

assessed rat.her than individuals. A useful finding from the

study was the demonstration of the Strong correla'Eion

between blood and saliva levels of paracetamol. This may

have useful applicat,ions for both research and clinical

situations.

gastro'duodenal motilitY in

been inadequately studied

mainly due to difficulties

The importance of

oesophageal reflux has

past. This has been

gastro-

in the

in the
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methodology. A method has been developed utilizing many of

the principles learnt from oesophageal motility and adapted

for the antropyloroduodenal region.

The incorporation of the sleeve sensor for pyloric

measurements is novel, and. the use of transmucosal potential

difference to localize the sleeve was successful. This

technique not. only permits continuous recording of pyJ-oric

function but also allows prolonged studies to be performed

without resort to radiological investigations and the

inevitable radiation exposures.

I"leasurement of duodenogastric ref lux by use of an

antral pH probe was carried out in a dog model and offered a

simple measure of duodenogastric reflux. Its principle

limitation is that it fails to provide any information as to

the nature of the refluxed material except that it is

alkaline relative t.o gastric contents. It does, however,

offer a method of detecting when reflux events have occurred

to aid in description of the recorded motility events, and

may act as an indicator in timing gastric content

sampling. The technical problems of such a methodology

proved much more challenging than originally anticipaterl.

For this reason the technique is offereC as a meÈhod for

investigating patients with gastro-oesophageal reflux in

order to better explain the abnormalities responsible for

L.heir condition as no actual studies r¡¡ere conducted on such
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patients. For example, the delay in gastric emptying noted

in section IV in patients with gastro-oesophageal reflux

disease requires a description of the molor abnormalities

responsible for the delay. Is the delay due to pyloric

Spasm, poor antral contractions, duodenogastric reflux or

Some other mechanism? These questions can now be addressed

in humans.

PATIENTS WITH GASTRO-OESOPHAGEAL REFLUX

The patient group studied was a selected group, in that

all haC been referred to the Department of Surgery of the

Univer.sity of Adeladie for assessmen't of their suspected

gastro-oesophageal reflux. Not aI1 were intended to be

candidates for operation, although almost half proceeded to

surgical inLervention. The patients studied therefore

represented the severe end of the reflux Spectrum, but it is

this end of Lhe specÈrum that is likely to be most re\"¡arding

in detecting departure from normal.

Indee,il a number of abnormal findings \{ere found that

represented new observations or more complete descriptions

of previous findings. The solid oesophageal emptying

studies were useful in quantifying the degree of oesophageal

dysmotility present. This impairment was extremely variable

within the group but significant hold up was not an uncommon

feature. ThiS method of assessment was also useful in

Iocalising the site of hold-up which frequently could not be
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accurat,ely assessed from the paÈients description. The

localisat.ion enabled attention to be directed toward the

upper or lower oesophagus during manometry investigation and

obviated unnecessary investigations. It also offered a

means of objectively measuring the degree of dysphagia

present. Whilst dysphagia is a symptom and therefore a

subjective phenomenon the ability to describe the degree of

hold-up associated with the reported symptom may be useful

in patient classification and in monitoring the progress of

medical and surgical procedures. The delay in oesophageal

empt.ying in gastro-oesophageal reflux disease was not

correlated significantly with the presence or absence of

oesophagitis. This indicated that the oesophageal

dysmotility may precede the symptoms of reflux and' not be a

result of it. A correlation would be expected if the

motility disturbance \.{as secondary to the oesophageal

injury. However it was shown that even successful anÈi-

reflux surgery did little to alter the oesophageal motility

as assessed by the solid bolus study.

l¡Ieasurement of gastric emptying in this group of

patients also proved usef ul. A wide range of values \^tas

found with 442 of patients having a delay of solid emptying

and 38t a Iiquid de1ay. OnIy 40t of gastro-oesophageal

reflux patients had normal solid and liquid emptying.

Ttre delay in gasLric emptying seems to be poorly
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correlated vlith t,he other measurements made in these

patients. Both patientsr symptoms and lower oesophageal

sphincter pressures were poorly correlated wit-h the gastric

emptying results obtained. Oesophagitis was correlated at a

statistically significanb level with delayed solid emptying

but its clinical significance was not conclusive. The fact

that there is no clear relationship between the gastric

emptying and other meaSures made in gaStro-oesophageal

reflux underlies its importance io the complete assessment

of the disease complex, and the outcome of subsequent

interventions,

Iv1any patients $7ith progress ive systemic sclerosis

suffer from a severe form of gastro-oesophageal reflux

disease. A study of oesophageal and gastric emptying

abnormalities in such patients $tas undertaken and this

demonstrated poor oesophageal emptying as has been

previously demonstrated. However t.he delayed gastric

emptying Seen in many of these patients has not .oreviously

been described.

OUTCOME OF'IREATI/IENT IN GASTRO-OESOPHAGEAL REFLUX

This thesis has considered the response to

pharmacological and surgical intervention in the management

of patients with gastro-oesophageal reflux. Patients who

r,vere treated on metoclopramide and domperidone for one month

periods, responded well at the end of the treatment

-223-



period. However this response was not significantly

different from that obtained with the placebo treatment.

The management of such patients with agents designed to

increase gastric emptying therefore failed to show

significant. benefits over the placebo. This result must be

considered not only in terms of cost but also the

significant number of side effects associated with the

active treatments.

The possibility that response to such medications was

dependent on a pre-exis ting delay in gastric emptying \â¡as

also investigated and i t l¡tas f ound that the symptomatic

response occurred equally in the Celayed and normal gastric

emptying groups. These results were consistent with the

gastric emptying response of one months treatment with

domperidone which showed no significant change. This !ûas

similar to the result found for oesophageal emptying

although many had improved oesophageal emptying after one

months treatment with domperidone. In general it wou1r1 be

reasonable to suggest that chronic managemenL of gastro-

oesophageal reflux patients wit.h meÈoclopramide or

domperidone is unable to give superíor results to placebo

and on the grounds of possible side effects and cost should

not be employed.

Surgical response

bob.h symptomatically

on the other hand was demonstrated

and objectively to have a good
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result. Naturally in a clinical study of this kind no

placebo operation Ìdas possible, although the results of such

a procedure may be importanÈ. A standardised fundoplication

conducted on a represenlative subset of all gastro-

oesophageal ref lux patients studied was Sho\,¡n to

signficiantly increase the rate of soliC and liquid gastric

emptying at 6 months following operation. Atl patients

studied also reported good symptomatic outcome. This

increaseC rate of gastric emptying may be explained by an

increased funCal tone facilitating more rapid gastric

emptying, although it would be anb.icipated to only have

improved Èhe liquid ernptying. The fact that solid was also

improved may indicate that the relationship between fundal

tone and solid emptying is indeed more complex than

currently thought. !{hether or not the findings of increaseC

gastric emptying in such patients is related to the good

symptomatic outcome following fundoplication reported in

most series, is not established. However, it wouIC be

interesting to assess prospectively failures of the surgery

and determine t.he post-operative change in gastric emptying

aL 6 monEhs. For example, if no improvement' in emptying

occurred, are these patients more likely to develop a

recurrence?

An attempt to a,ildress this issue was made in this study

by measuring gastric emptying in proven surgical failures.

The operative technique was not standardised and a number oE
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different surgeons were invotved. The selection of an

appropriate control group was also difficult. Not

withstanding these problems the results of this study may

have important. implications in the management of such

patients. It was found that as a group such patients had a

significant delay of soliC emptying compared with any

available control group. Liquid delay was not so clearly

delayed, although if post-fun,iloplication patients only rrvere

considered then the delay was significant. Vühether the

delay was primary or secondary cannot be stated, but it does

suggest that surgical procedures might be undertaken in some

pat.ients designed to minimise the delay present. To only

improve liquid emptying while ignoring the sclid emptying

d.elay may do little to prevent a further recurrence.

CONCLUSION

Factors contributing to the

oesophageal reflux are numerous.

clarify some of the mechanisms

oesophageal reflux disease.

presence of gastro-

This Lhesis helps to

important in gastro-

The stomach acts as a reservoir for ingested food and

liquid and gastric secretions. It also receives contents,

such as bile and trypsin refluxed from the duodenum. Agents

such as acid, pepsin, bile and Lrypsin are all potentially

injurious agents to oesophageal mucosa if reflux occurs into

the oesophagus. Some gastro-oesophageal reflux is a normal
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event. This is particularly true in the post prandial

period. Ingested food is held in t.he gastric fundus which

in turn increases the degree of gastric fundal distention.

This increased distention predisposes to relaxation aÈ the

lower oesophageal spincter and such transient lower

oesophageal spincter relaxation permits reflux to occur int'o

the oesophagus. This refluxed material in the normal

oesophagus is rapidly cleared by primary or secondary

peristaltic waves. As a result the symptoms of reflux fail

to develop.

The mechanisms tirat lead to development of reflux

disease are poorly understood but may include a number of

abnormalities. Duodenogastric reflux may be increased in

such patients allowing the gastric contents to contain an

increased content of noxious substances fcr a prolonged

period of time. These are t.hen refluxed back into the

oesophagus causing increased oesophageal damage and an

impairment of lower oesophageal sphincter function which

permits more ref lux and so a cycle develo,os -

Another mechanism may in fact involve normal refluxing

of gastric contents but in association with poor oesophageal

motility. This impaired motility leads t.o poor oesophageal

clearance of the refluxed material and consequently

prolonged exposure of the oesophageal mucosa which leads to

further damage again precipitating a cycle.
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Delayed gastric emptying was present in 60t of t.he

patients studied. The delay was for solid alone, liquid

alone or a combination of the two. This delay of gastric

emptying may be responsible for a change in gastric wall

tension in the region of the lower oesophageal sphincter

which may act to distend the stomach and thus the lower

oesophageal sphincter and permit more frequent episodes of

reflux to occur. In addi bion to this mechanism the

prolongation of the post prandial state increases the

frequency of gastro-oesophageal reflux. Either mechanism

increases the volurne of mat.erial refluxed and again the

potential for a vicious cycle occurs.

Methods of reporting the delay in gastric emptying by

radioisotopic techniques are frequently debated. Although

the use of the liquitl T50 and the percentage of solid

remaining at one hundred minutes are useful measures of

gastric emptying they are not the only ones possible. The

solid pre-emptying period ( Iag period ) is a relatively

reliable measure and may give valuable information aS to the

site of the delay being either fundal or antral. The rate

o.E emptying is not always reliably measured in gross delay

of solid emptying. However when found to be slow it may

well suggest localisation of the delay to the ant.ral region

by inferring impaired abilit.y of the "antral mill" to grind

the ingestetl f ood to a suits-able particle si ze. These
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observations reflect the conventional wisdom of the dual

roles of the stomach. Wit.h f urther work iÈ may well emerge

that the complex inLerplay between t.he fundal "hopper" and'

the "antral miIIrr do not permit the roles of solid and

liqui,l emptying to be so easily divided. The relationship

between eEfective antral contractions, pyloric co-ordination

and duodenal motility must also play an important role. It

seems unlikely that the complete regulation of gastric

outflow can be explained simply by a dual compartment model.

It is important that future studies of delayed gastric

emptying in patients with gastro-oesophageal reflux should

examine both the solid and liquid component. A delay in

solid emptying may require a different management both

sitrgical and medical from a delay in liquiC emptying. Delay

in both may represent a more advanced state of Èhe disease

spectrum or a separate entity. These are questions which

remain unresolved. They do however illustrate the

importance of assessing both solid and liquid emptying in

such patients.

While delay of gastric emptying creates a favourable

environment in which gastro-oesophageal reflux can occur '
failure to clear the refluxed material is also an important

factor. Impaired solid oesophageal emptying was found to be

present in Some patienb.s with gastro-oesophageal reflux.

This delay reflects poor oesophageal function, permitting
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prolonged exposure of refluxed material to the oesophageal

mucosa. The delay appears to be a primary one' aS cessation

of reflux following surgical intervention does not reverse

the changes nor does the presence of oesophagitis correlate

with increaseC delay. Symptomatic assessment offers only a

poor correlation between the gastric emptying results anrf

heartburn and epigasÈric fullness. Dysphagia on the other-

hand correlates well v¡iÈh delayed oesophageal emptying -

iltanagement of reflux disease by use of agents that

enhance gastric emptying has a sound theoretic basis.

Ilowever , lrrork is Sti ll required to resolve the value of

chronic administration of currently available agents such as

metoclopramide and domperidone. It may be that the primary

caUse of the delay is unresponsive to such medication, and

alternative therapies are required. Further, studies of the

efficacy of agents that promcte gastric emptying in

management of reflux disease, must be assessed. after

prolonged administration and not acute dosage. The placebo

effect in patients with gastro-oesophageal reflux disease is

also an important factcr in their medical management, anC

shoulrl not be ignored. Indeed it possibly should be

exploited to aid in the treatment of such patients.

Surgical intervention by fundoplication has been shown

to be successful both symptomatically and from the point of

view of increased gastric emptying. Surgical failures are
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difficult clinical problems. Current management frequent'ly

involves repeating or modifying the existing procedure. The

significant solid and liquid delay found in these patients

may well offer a basis for rational reoperation. To only

improve liquid emptying while ignoring the solid emptying

delay may do little t.o prevent a further recurrence. What

operative procedure best achieves this encl has not yet been

adequately demonstrated, but offers an important area of

further enquiry. At the present time an antrectomy with

Roux-en-Y reconstruction is probably a reasonable approach.

Some of the factors important in the develo.oment of

gastro-oesopl:ageal reflux disease have been addressed in

this thesis and other factors to sLudy have opened up as a

result. The challenge, however, remains of understanding

the factors which are most irnportant in the development of

gastro-oesophageal reflux rlisease.
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APPENDIX I

RATiIAIION DOSII,IEIRY FOR OESOPEAGEAL EIIPTYING STTIDIES TISINC

SOLID AND LIQUII) TRACERS

1. Solid Tracer: Technetiun-99rn sulphur colloid

The average activity in the transit = 200 microcurie

The average 507. gastric emptying time = 80 minutes

The critical absorbed dose factors S:*

(a) SËomach to SEomach !'Ia11 = 1.3 x 10-4na¿/micro-Ci-hr

(b) sEomach to whole Body = 1.9 x l0-6na¿/nicro-ci-hr

Dose

Dose from SEomach to Stomach lJall

=AxtxS**

= 2oo * å& " 1.44 x t'3 x t0-4
=50rrR

=2ooxå&
= 0.7 mR

Dose from SEomach to Whole Body x L.44 x 1.9 x10 -6

Dose to aoy other organ is at least an order less thau that to Ehe

stomach sall.
* IIIRD Panplet No. 11. "S" Absorbed Dose per Unit cumulated activity

for selected radionuclides and organs.
Hc !¡ - activity of radionuclide; E = effective half-life of radionuclide-

2. Fluid Tracer: Technecium-99m in water

The average activity in the drink = 200 microcurie

The average 507" gastric ernptying Eime = 20 minuEes

The criEical absorbed dose facEors S:

(a) Stomach to SEomach l,Iall = 1.3 x 10-4 Rad/micro-Ci-hr

(b) SEomach Eo l{hole Body = 1.9 x 10-6 Rad/micro-Ci-hr

Dose =AxExS

Dose from SEomach to Stomach l,Jall =200"å$"r.44x -41.3 x 10

t2 mR

Dose from Stomach Èo I.lhole Body = 200 * å$ * L.44 x 1.9 x 10-6
= 0.2 rnR

Dose to a1l other organs is at least an order less Èhan Ehat Èo Ehe

stomach wall.
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APPENDIX II

B.âDfATIOtr DOS Iì,ÍETRY FOR GASTRIC E}TPTTIXG STIIDIES ITSING

SOLID AI{D LIQUID TRAGERS

1. Solid Tracer: Technetium-99m sulphur co1lg!4

The average activity in the meal

The average 507" emptying time

The absorbed dose factors S:*

(a) Scomach to Stomach l,Iall

(b) Scomach to tlhole Body

Dos e

Dose from SLomach to SEomach tlall

Dose from Stonach Eo Whole Body

The average accivity in the drink

The average 507" emptying Eime

The absorbed dose factors S:

(a) SEomach Eo Stomach llall

(b) Stomach to tlhole Body

Dose

Dose from SEomach to Stomach l{all

Dose from SEomach to l{ho1e Body

'"å$x1.44x1.3x10-4

= 1.0 nillicurie

= 80 minuEes

1.3 x 10

= 1.9 x 10

=AxÈxS**

=1x10
= 250 mR

-Rad/micro-Ci-hr

-A"Rad/micro-C i-hr

3 80
10
nR

x6-ux 1.44 x 1.9 xlO-61x
3.7

lrt IIIRD PampleE tfo. 11. "S" Absorbed Dose per lluit cumrlated acËivity
for selected radionuclides aud organs.

#c !¡ - activicy of radionuclide; Ë = effective half-life of radionuclide.

2. Fluid Tracer: Indium 1l3m DPTA

= I millicurie

= 20 minuEes

= 7.1 x l0

= 4.7 x 10

-4 Rad/nicro-Ci-hr

Rad/micro-Ci-hr

-3

=AxE

-6

xS
-3 x 7.1 x 10x

40
10

20xõT -4
nR

=f
=3

lx
2.2

10
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