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ABSTRACT

T his s tu d y  investigated the  possibility  th a t  Helicobacter 
pylori is a n  aetiological factor in  the  pathogenesis of duodenal 
u lcer. The aim  w as to estab lish  w he ther sub jec ts  w ith  duodenal 
u lcer w ith  Helicobacter pylori h ad  a  m axim al gastric  secretion  
th a t  w as m easu rab ly  different from  th a t  of su b jec ts  w ith  duodenal 
u lcer w ithou t Helicobacter py lori B ecause Helicobacter pylori is 
a  com m on infection of individuals w ithou t duodenal u lcer, it w as 
felt im p o rtan t to control the  observations in  th e  duodenal u lcer 
group w ith  sim ilar observations in  sub jec ts  w ithou t duodenal 
ulcer.

In  62  sub jec ts  w ith  dyspepsia  a ttend ing  for u p p e r gastro ­
in testin a l endoscopy, m axim al gastric  secretion  w as m easu red  in  
the  11 non-duodenal u lcer sub jec ts  w ithou t Helicobacter py lori 
20  non-duodenal u lcer sub jects w ith  Helicobacter py lo ri  21 
duodenal u lcer sub jec ts  w ith Helicobacter pylori an d  10 
duodenal u lcer sub jec ts  w ithou t Helicobacter py lori T h u s the  
incidence of duodenal u lcer w as ab o u t 50% w hether or n o t 
Helicobacter pylori w as presen t. Several te s ts  were u sed  for 
identification of Helicobacter py lori

In b o th  groups, duodenal u lcer an d  non-duodenal ulcer, 
the  presence  of Helicobacter pylori w as associated  w ith  a  sm aller 
gastric  secretion  th a n  th a t  in the  absence  of Helicobacter py lori 
In sub jec ts  w ith duodenal u lcer the  reduction  in  secretion  w as 
15% an d  in  non-duodenal u lcer it w as 18%.
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R egression analysis indicated  th a t  in  th e  absence  of 
Helicobacter pylori, there  w as a  strong  positive correlation  
betw een dose of chronic sm oking and  m axim al gastric  secretion  
in  bo th  duodenal u lcer and  non-u lcer sub jects. However, in  the  
non-duodenal u lcer an d  duodenal u lcer su b jec ts  in  w hom  
Helicobacter pylori p resen t, there  w as no correlation. The 
enhanc ing  effect of tobacco w as ap paren tly  nullified by  infection 
w ith  Helicobacter py lori This finding m ade it un likely  th a t  th e  
association  betw een duodenal ulcer, Helicobacter pylori an d  
reduced  gastric  secretion w as due to a  cum ulation  of aetiological 
effect betw een acid and  organism .

These re su lts  lend su p p o rt to th e  hypo thesis th a t  
Helicobacter pylori is n o t a  significant factor in  th e  aetiology of 
duodenal u lcer. The sub jec ts  were followed u p  and  th e  various 
details of the  follow u p  s tud ies  were co n sis ten t w ith  th is  view.
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1. INTRODUCTION

1.1 DUODENAL ULCER

D uodenal u lcer is a  d iscon tinu ity  in  th e  m u co sa  of the  
d uodenum  th rough  the  m uscu la ris  m ucosae w ith  a n  u lce r c ra te r 
su rro u n d ed  by acu te  and  chronic inflam m atory  cells. Typically 
found w ithin  the  first 3 cm of the  duodenum , th e  u lce ra tion  is 
chronic an d  recu rren t in  na tu re .

D uodenal u lcer w as first described  in  1817 (Bouchier 
1981) and  since th en  its  prevalence h a s  increased  stead ily  un til 
ab o u t 1960 (Langm an 1979). Over the  la s t 20  years, however 
the  ind irect ind icators su ch  as  hosp italisa tion , operation  an d  
d ea th  suggest a  m arked  decrease in  duodenal u lcer incidence in  
E ngland, E urope and  the  United S ta tes  (Brown, L angm an an d  
L am bert 1976, Langm an 1979, Coggon, L am bert an d  Langm an 
1981). D uodenal u lcer rem ains a  com m on d isease  an d  a n  
im portan t source of m orbidity and  m ortality, especially in  the  
elderly. Roughly 10% of the  population  can  expect to develop 
th is  d isease  during  th e ir lifetime and  d ea th  from  u lcer d isease  is 
ab o u t 8 per 1000 of all d ea th s  (Langman, 1983). T his leads to 
a n  enorm ous econom ic loss in  te rm s of m oney sp e n t on h ea lth  
care (direct cost) an d  ind irect cost due  to loss of productiv ity  
and  w ages due to absenteeism .

There h a s  grown u p  over th e  years a  general accep tance 
th a t  duodenal u lcers are  in  som e w ay rela ted  to the  secretion  by
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th e  stom ach  of acid and  pepsin . However, over th e  la s t  two 
decades two in teresting  ideas have em erged. F irstly  it h a s  b een  
agreed th a t  duodenal u lcer belongs to a  heterogeneous g roup  of 
d iso rders (Lam an d  S icrus 1975, R otter an d  Rim oin 1977) w ith  
m ultip le aetiological factors. The second view w as the  
suggestion  th a t  the  gastric  m icroorganism  know n as 
Helicobacter pylori is a  causative  factor (M arshall 1983, W arren  
1983, M arshall, McGechie, Rogers et al 1985).

A lthough m u ch  is know n ab o u t the  pathophysiology of 
peptic u lceration , the  exact cause  of th is  d isease  rem ains 
obscure. A ttem pts to elucidate the  pa thogenesis  of duodenal 
u lcer are  ham pered  by the  difficulty of getting  a  close in sigh t 
in to  the  m orphological, functional and  biochem ical changes 
occurring  during  the  developm ent of th e  u lcer cra ter.

1.1.1 EPIDEMIOLOGY

Epidemiological s tud ies  of duodenal u lce r a re  difficult 
because  estim ates of the  incidence and  prevalence of the  d isease  
depend u pon  the  m ode of d iagnosis su c h  a s  sym ptom s, 
radiology, endoscopy or autopsy. The s tu d y  is also com plicated 
by  the  facts th a t  duodenal u lcer is a  re c u rre n t d isease  an d  th a t  
som e individuals who are asym ptom atic  m ay  have u lcers.

There h a s  been  a  decline in  th e  n u m b er of duodenal 
u lcers diagnosed over the  la s t two decades in  th e  w estern  
coun tries (Langm an 1979, Sonnenberg  1987), an d  s ta rtin g  even 
before the  in troduction  of H-2 recep tor an tagon ists ; b u t  th e re  is 
a  con trasting  increased  incidence in th e  F a r E a s t (Koo, Ngan a n d
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Lam 1983). In J a p a n  the  prevalence ra te  is 9-11% , in  E ngland 
ab o u t 5.2%  while in  U S A it is approxim ately  2.5% . However, 
th e  survey m ethods differed in  these  coun tries an d  th e  re su lts  
a re  n o t directly com parable.

There is a  m arked  varia tion  in  th e  frequency of u lcer 
d isease  th ro u g h o u t the  world. In the  Faroe Islands th e  an n u a l 
incidence of first tim e diagnosed peptic u lce rs is a s  h igh  a s  33 
o u t of 1000 in h ab itan ts . There are  also significant differences in  
incidence and  prevalence in  different p a r t  of th e  sam e country . 
The prevalence of duodenal u lcer and  the  incidence of 
perforation are  h igher in  Scotland an d  to a  le sse r ex ten t in  the  
n o rth  of E ngland th a n  in so u th  of E ngland (Langm an 1983). 
D uodenal u lcer is found to be com m oner in  th e  so u th e rn  p a rt 
com pared to the  n o rth e rn  p a r t  of S candinavia  (Bonnevie 1985). 
In A ustralia , the  prevalence is m uch  g rea ter in  New S o u th  W ales 
th a n  in  Victoria, Q ueensland  or W estern  A ustra lia  (Hugh, 
Colem an, M cM am ara e t al 1984).

Epidemiological s tu d ies  show  th a t  th e  assoc iation  of 
o ther factors su c h  as  sm oking (Friedm an, Siegelaub, R obbs e t al 
1974) coffee (Paffenbarger, W ing and  Hyde 1974), d iet 
(M alhotra 1978, Tovey 1979, Ryding and  B erstad  1986), sex 
(Bonnevie 1975, G rossm an  1980) an d  racial (K urata a n d  Haile 
1984) differences m ay play a  p a rt in the  aetiology of peptic u lcer 
d isease.

A lthough som e foods m ay cau se  dyspepsia , there  is no 
conclusive evidence to show  th a t  d iet is incrim ina ted  a s  a  cause  
of u lcers. B u t the  high unrefined  w heat co n ten t in  th e  d iet h a s  
been  found to influence the  low incidence of u lcers in  N orth 
India com pared w ith  the  S ou th  (Tovey 1979, Rydning and  
B erstad  1986). It h a s  been  noted  as  well th a t  th e  recu rrence  
ra te  on a  w heat d iet w as 14% over a  5 y ear period w hile it w as
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81%  on a  rice d iet (M alhotra 1978). S im ilar re su lts  w ere noted  
in  a  Norwegian s tu d y  w ith  a  follow-up of 6  m o n th s  (Rydning, 
B erstad , A adland et al 1982).

The d istribu tion  of duodenal u lce r h a s  been  found to 
differ significantly am ong different races  in  th e  sam e country .
The incidence of u lcer in full-blood Aboriginal p a tien ts  is nil 
(Bateson 1976). The C hinese show  a  h igher incidence of 
duodenal u lcer th a n  the  non-C hinese (Indian and  M alayan) in  
S ingapore (Kang, G uan, La Broody e t al, 1983). One s tu d y  
carried  o u t in  A ustra lia  show ed th a t  duodenal u lce r is six  tim es 
m ore com m on in  p a tien ts  bo rn  in  UK an d  17 tim es m ore 
com m on in  p a tien ts  bo rn  in  o ther E u ropean  coun tries th a n  in  
p a tien ts  bo rn  in  A ustra lia  (Bateson 1980).

Coffee is sa id  to be a  strong  s tim u la n t of acid secretion  
a n d  cau ses  dyspepsia  in  som e individuals: however, even th o u g h  
th e  consum ption  of coffee in  the  younger age g roups is 
associated  w ith  a  slightly increased  risk  of duodenal u lcer in  
la te r years, consum ption  a t the  tim e of p resen ta tio n  is n o t a  risk  
factor (Friedm an, Siegelaub, Seltzer 1974).

D rugs, su ch  a s  asp irin  and  non-ste ro ida l a n ti­
inflam m atory  d rugs (NSAID) cause  acu te  in ju ry  to th e  duodenal 
m ucosal lining an d  m ay exacerbate  u lcers, b leeding an d  
perforation b u t it u sed  to be th o u g h t th a t  there  w as little or no 
causative  effect for chronic duodenal u lcer (Levy 1974).
However, m ore recen t w ork ind icates th a t  there  is a  strong  
association  betw een NSAID and  duodenal u lcera tion  (Freston and  
F reston  1990, W ilson 1990).

It is estim ated  th a t  duodenal u lce r is 1.5 to 3 tim es 
m ore com m on in  m ales th a n  fem ales (Bonnevie 1975, Pulvertaft 
1959) and  in India the  ratio  h a s  been  reported  a s  18 : 1 (Jayaraj,
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Tovey an d  C lark 1980) . B u t the  ratio  h a s  been  decreasing  over 
th e  la s t 15 years in  the  W estern countries, even to the  ex ten t 
th a t  th e  ratio  in  the  U S A is 1.4 : 1 (Elashoff and  G rossm an  
1980); th is  phenom enon is probably  due  to th e  change in  
sm oking h ab its  (Kurata, Haile and  E lashoff 1985, K urata , Elshoff, 
Negawa 1986).

C igarette sm okers are  a t increased  risk  of developing 
u lcers  and  cigarette sm oking also im pairs healing  (Friedm an, 
Siegelaub and  Seltzer 1974, Korm an, H ansky, Eaves 1983, 
M cC arthy1984). Chronic sm oking m ay  also increase  pa rie ta l 
an d  chief cells, resu lting  in  a  h igher gastric  an d  pepsin  
secretory  capacity  (Parente, Lazzaroni, Sangale tti e t al 1985, 
W hitfield and  Hobsley 1985 and  1987). The increased  
secretion  is n o t a  universal finding in  sm okers (Walker an d  
Taylor 1979, Whitfield and  Hobsley 1987). It is no ted  in  m ale 
b u t  n o t in  fem ale sm okers w ith  duodenal u lce rs  (Whitfield and  
Hobsley 1985). After controlling for variab les su c h  a s  age and  
heigh t the  effect of sm oking on acid secretion  is no g rea ter in  
sub jec ts  w ith duodenal u lcers th a n  in  norm al su b jec ts  (Whitfield 
an d  Hobsley 1987). Sm oking also reduces p ro stag land in  
sy n thesis  in  gastric  m ucosa  b u t n o t in  duodenal m u co sa  (Quim by 
1986)

Psychodynam ic factors m ay be im portan t, b u t  p robably  
only in  a  very sm all group of duodenal u lcer sub jec ts . The 
validity of th is  concept is difficult to prove b u t  deserves fu rth e r 
effort (Fordtran 1979).

Recently, the  concept of genetic heterogeneity  w as 
proposed to explain the  high incidence am ong siblings. Tw enty 
to 50%  of duodenal u lcer sub jec ts  have a  positive fam ily history. 
The concordance of peptic u lcer is g rea ter in  m onozygotic tw ins 
th a n  dizygotic tw ins, a  phenom enon th a t  ind icates th e  existence 
of a  genetic factor (McConnell 1980 and  R otter 1983).
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Individuals w ith  blood group O have a  1.3 tim es g rea te r 
incidence of duodenal u lcer th a n  individuals of o th er blood 
g roups (Aird, Bentall, M enhign et al 1954) an d  in  n o n -secre to rs  
of group O the  incidence increases by  1.5 tim es com pared  w ith  
secre to rs (Clarke, Edw ards, H addock e t al 1956). The HLA 
an tigens (HLA-B5 and  HLA-B12) have also been  exam ined a n d  
duodenal u lcer h a s  been  found to be associated  w ith  only 
selected sub -g roups (Ellis and  W oodrow 1979). S erum  
pepsinogen I is elevated in  30%  of DU sub jec ts  (Samloff, Liebam  
and  P an itch  1975) and  it is believed th a t  the  increase  in  se ru m  
pepsinogen I is a  highly significant r isk  factor for duodenal u lcer.

1.1.2 PATHOPHYSIOLOGY

Peptic u lcers alw ays tend  to occur near, b u t  n o t in, th e  
acid secreting  m ucosa. Ninety percen t of duodenal u lce rs  a re  
s itu a ted  in  the  first p a rt of th e  duodenum  an d  m ost com m only in  
th e  an terio r wall of the  duodenal bulb . The u lce r is c ircu la r in  
sh ap e  w ith  a  vertical edge and  invades the  m u sc u la r  layers, 
w hich  it ten d s to penetra te . The base  of th e  u lcer is lined by  
g ranu la tion  tissu e  and  the  su rro u n d in g  arte ries show  evidence of 
endarteritis  obliterans. The u lcer heals spon taneously  or w ith  
appropria te  trea tm en t and  it m ay  recu r later. The m ain  
com plications of duodenal u lcer are haem orrhage, perforation  or 
gastric  ou tle t obstruction  (pyloric stenosis)

The cause  of the  duodenal u lcer d ia thesis  h a s  con tinued  
to elude investigators in  spite of several recen t developm ents 
an d  rem ains controversial. However, the  general p ic tu re  seem s 
to be a  genetic predisposition  com plicated by  env ironm ental an d
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local factors. The in tegrity  of the  gastroduodenal m ucosa  
depends on the  balance  of protective an d  aggressive factors.
The environm ental ulcerogens are probably  chem ical an d  
infective. D uodenal u lcers are strongly  linked to th e  level of 
gastric  acid and  Schw arz's d ictum  - 'no acid, no  ulcer', h a s  very 
few exceptions (Isenberg, Spector, H ootkin 1971).

DU is ra re  in people who secrete  less th a n  15 m m ol of 
acid per h o u r (Baron 1972) and  healing  is en h an ced  by  agen ts 
th a t  inh ib it acid secretion. However, sub jec ts  w ith  DU have on 
average only 35% greater secretion th a n  contro ls an d  only 12 to 
30%  are  hypersecretors (Wormsley an d  G rossm an  1965, B aron 
1972, W hitfield 1984). This increase  in  acid could theoretically  
be due  to an  increase in  parie ta l cell m ass  or a n  increased  
response  to secretagogues due to enhanced  sensitivity.
However, recen t w ork by  Roxburgh (1990) h a s  clarified th is  
point; th e re  seem s no doub t th a t  th e  enlarged parie ta l cell m ass 
is a  tru e  phenom enon and  th a t  there  is no a lte ra tion  in  the  
sensitivity.

Several m echan ism s are involved in  th e  m ain tenance  of 
th e  in tegrity  of the  duodenal m ucosa  in  a  deleterious acid 
environm ent. The large am o u n t of th e  acid is n eu tra lised  in  the  
duodenum  by pancrea tic  and  biliary b icarbonate  secretion. 

A lthough duodenal m ucosa  secretes HCO3 '  it is a  relatively

insignificant contribution , b u t  its  site  of p roduction  m ay increase  
its  im portance (Feldm an 1987).

P rostaglandin  production  by  th e  duodenal m u co sa  m ay 
exert a  negative feed back  control of acid secretion. B u t there  
is no evidence to show  th a t  w hen there  is a n  ulcer, the  
duodenal m ucosa  is deficient in p rostag land in  p roduction . It is 
in te resting  to note th a t  a lthough  sm oking decreases endogenous 
p rostag land in  syn th esis  in gastric m ucosa, p ro stag land in

26



production  by  duodenal m ucosa  is unaffected . However, it h a s  
been  reported  th a t  during  trea tm en t w ith  p ro stag land in  E  (1&2) 
derivatives su c h  as m isoprostol and  enprostol, th e  healing  curves 
of sm okers and  non-sm okers are  identical (Lam, Lau, Choi e t al 
1986) and  are  unaffected by  sm oking w hich  h am p ers  healing  
w hen  trea ting  w ith  an ti- acid secretory  agents.

B oth au to im m une and  infective m echan ism s have b een  
suggested  for the  pathogenesis of duodenal u lcer. The 
au to im m une theory  suggests th a t  im m unological s tim u la tio n  or 
d estru c tio n  of the  G -cell population  leads to parie ta l cell 
hyperp lasia  w ith  d istal extension, p red isposing  to duodenal 
u lcer (Kirk 1986).

N um bers of investigators have suggested  th a t  u lce rs  
could be caused  by infection a s  far b ack  a s  before th e  tu rn  of th e  
cen tury . Since 1983, th e re  h a s  b een  m oun ting  evidence th a t  
m ucosal defence is im paired by the  newly described 
m icroorganism  called Helicobacter pylori and  th a t  it p lays a  
significant role in the  pathogenesis of u lcer d isease. T his 
organism  h a s  been  isolated from the  gastric  a n tru m  and , to  a  
lesser ex tent and  only if there  is gastric  m etap lasia , from  th e  
edge of the  duodenal ulcer.

The ind irect evidence com es from th e  s tu d ies  w here 
the  investigators have show n th a t  trea tm en t w hich  su p p re sse s  
or erad ica tes Helicobacter pylori leads to longer rem ission  an d  
th a t  the  u lcer rarely  re lapses before recolonisation  occurs 
(Coghlan, Gilligan, H um phries e t al 1987, M arshall, Goodwin, 
W arren  et al 1988, Rauw s and  Tytgat 1990).

One suggested view of th e  pa thogenesis of DU is th a t  
h igh  gastric  acidity and  /  or rap id  gastric  em ptying, by  c rea ting  a  
low duodenal pH, re su lts  in  gastric  m etap lasia  in  th e  duodenum .
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T his allows Helicobacter pylori from an  a re a  of a n tra l active 
chronic g astritis  to colonise the  duodenum  leading to duoden itis 
an d  DU, probably  in  association  w ith  o ther aggressive factors 
(Wyatt, R athbone, Dixon et al 1987, W yatt, R athbone, Dixon e t al
1988, Goodwin 1988, W yatt 1989, Goodwin, G ordon an d  B urke 
1990). However, ag a in st th is  hypo thesis is th e  fact th a t  
Ina tsuch i, T anaka, T reasaki e t al (1990) could n o t recognise any  
case  of duodenitis w hich progressed to duodenal u lcer.

The o ther hypothesis is th a t  u rease  p roduced  by  
Helicobacter pylori sp lits  u rea  in  the  gastric  ju ice  in to  am m onia 
w hich n eu tra lise s  the  acid in  con tac t w ith th e  m u co sa  overlying 
th e  G-cells and  parie ta l cells. This im pairs the  norm al 
inhib ition  of g astrin  release by in tra lum inal acid leading  to an  
inappropria te  secretion  of gastrin  in  response  to food an d  th is  
increases acid o u tp u t and  the  ra ised  acid level w hich  leads to 
th e  pa thogenesis of th e  u lcer (Levi, B eardshall, H addad  e t al
1989, Levi, B eardshall, Swift e t al 1989).

If Helicobacter pylori is erad icated  by  a  su itab le  
m edication, the  postp rand ia l g astrin  response  re tu rn  to norm al, 
however the  peak  acid o u tp u t rem ains high. McColl, Fullarton , 
C h itta ja lu  e t al (1991) stud ied  10 sub jec ts  w ith  Helicobacter 
pylori - re la ted  a n tra l gastritis  and  a  h isto ry  of duodenal u lcer 
an d  concluded th a t  the  m arked  fall in  se ru m  g astrin  
concen tra tion  following eradication  of Helicobacter pylori w as 
n o t accom panied by any  reduction  of gastric  acidity  w h e th er 
early  or even a s  a s  late  as 7 m on ths after th e  erad ication . They 
felt th a t  th is  is due  to an  increase  in  parie ta l cell m ass  cau sed  by 
th e  elevated g astrin  an d  therefore it tak es a  longer period for 
th e  n u m b er of parie ta l cell to fall to norm al; or else to the  fact 
th a t  these  sub jec ts  na tu ra lly  h ad  a  large parie ta l cell m ass  even 
before they  got infected by Helicobacter py lo ri
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1.1.3 TREATMENT

The trea tm en t of duodenal u lce r depends on 
u n d e rs tan d in g  the  pathogenesis an d  recen t advances in  
pharm acology help to improve the  trea tm e n t of duodenal u lcer.

The n a tu ra l h isto ry  of DU varies from  sp o n tan eo u s 
healing  in  w eeks w ith  m any  m on th s of rem ission  to a  refractory  
s ta te  th a t  p e rs is ts  even after m on ths of trea tm en t. M any 
m easu res  have been  proposed to enhance  th e  healing.

A bercrom bie in  1820 recom m ended a  d iet consisting  of 
m ilk and  in  1831 Jo h n so n  advocated an tac id s  su c h  a s  sod ium  
b icarbonate. These trea tm en ts  were aim ed a t  th e  aggressive 
factor of acid an d  th is  practice  w as con tinued  u n til  th e  1960s. 
T hen  the  an tac id s changed w ith  the  in troduction  of a lum in ium  
an d  m agnesium  an tacids. The tu rn in g  po in t in  th e  m edical 
trea tm e n t of duodenal u lcer cam e w ith  the  em ergence of th e  
h istam ine  receptor an tagon ists  in  the  1970s.

D uodenal u lcer in the  elderly h ea ls  less well th a n  in  
younger sub jects (Perm utt and  Cello 1982)and in  fem ales th e  
u lcers heal faster th a n  in  m ales (Sonnenberg, M uller-L issner, 
Vogel e t al 1981). Sm oking im pairs healing  an d  it in c reases th e  
risk  of com plication and  the  recu rrence  ra te . A spirin  and  
NSAIDs w eaken the  healing capacity  an d  p ro stag land in  analogues 
enhance  the  healing. Alcohol ab u se  in terferes w ith  healing  b u t  
it h a s  been  suggested th a t  in  m oderate  a m o u n t th e  consum ption  
of alcohol m ay prom ote healing (Sonnenberg, M uller-L issner,
Vogel e t al 1981).

The choice of drug  depends on its  effectiveness on  th e  
healing  rate , on the  relapse ra te  and  on the  side effects. It
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shou ld  be convenient for the  sub jec t to take  so a s  to prom ote 
com pliance.

The d rugs com m only u sed  broadly  fall in to  th e  following 
categories:

a) A ntacids
b) M ucoprotective agents
c) A nti-secretory agen ts

A nticholinergic
H istam ine -2 recep tor an tag o n is ts  
G astric p ro ton-pum p inh ib ito r

d) Antibiotics

a) A ntacids:

The efficiency depends on th e  n eu tra lis in g  capacity .
The frequently  u sed  an tacid  is A lum inium  - M agnesium  
hydroxide. The healing and  relapse ra te  are  n o t accep tab le  
com pared  w ith o ther d rugs b u t the  side effects a re  m inim al.

b) M ucoprotective agents:

Colloidal b ism u th  su b c itra te  (CBS) an d  sucra lfa te  fall 
in to  th is  category. In addition to the  m ucoprotective action  
b o th  are sa id  to increase  p rostag land in  secretion . CBS also  

increases the  HCO3- secretion  an d  en h an ces  epithelial 

regeneration . B u t the  m ost im portan t action  of CBS, recen tly  
noted , is its bactericidal effect ag a in st Helicobacter pylori 
M arshall, A rm strong, F rancis e t al 1987). The la tte r  action  is 
proposed by som e investigators a s  an  exp lanation  of the  fact th a t  
duodenal u lcer heals b e tte r and  fas te r w hen  trea ted  w ith  CBS.
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an d  th a t  the  relapse ra te  is lower com pared w ith  trea tm e n t w ith  

H2 recep tor an tagon is ts  (Lee, Sam loff an d  H ard m an  1985,

Sm ith, Price, Borriello e t al 1988). The d isadvan tages of CBS 
are  th a t  it la s ts  longer in  the  body and  it can  cau se  
nephrotoxicity  and  encephalopathy  (M artindale 1989).

c) i. Anticholinergic agents:

Pirenzepine, w hich specifically inh ib its  gastric  acid an d  
pepsin  secretion  and  is no t a s  effective a s  o th er an ti-secre to ry  
d rugs (Stockbrugger, Eugenides, Hobsley e t al 1982). The side 
effects su ch  as  dry m ou th  and  b lu rring  of vision a re  severe an d  
rarely  it affects the  bone m arrow  (agranulocytosis).

c) ii. H istam ine-2 recep tor blocking agents:

Cimetidine, ran itid ine, n izatid ine a n d  fam otidine are  
the  freely available drugs. The healing an d  re lapse  ra te s  am ong 
th ese  d rugs varies betw een stud ies . In general they  are  well 
to lerated  w ith  few unw an ted  effects b u t  d rug  in te rac tion  an d  
m etabolic inhibition are the  m ost frequen t problem s.
R anitid ine is popularly  u sed  by m any  physic ians since it h a s  
fewest side effects.

c) iii. G astric p ro ton-pum p inhibitor:

This is the  new est d rug  in  the  trea tm e n t of peptic 
u lceration , especially usefu l in th e  Zollinger-Ellison syndrom e. 
Om eprazole is transform ed by an  acid activated  m echan ism  to  a  
derivate w hich is the  active inh ib ito r of H+, K+ - ATPase, th u s
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reducing  gastric  acid secretion  (W allmark, B radstrom  an d  
L arsson  1984). This d rug  is u sed  to tre a t p a tien ts  w ith  u lce r 
un responsive  to an  adequate  dose and  d u ra tio n  of o th er d rugs.

d) A ntibiotics:

The u se  of an tib io tics is based  on  th e  supposition  th a t  
duodenal u lcer could be infective in  origin. The first detailed  
rep o rt describ ing  the  benefit of m etronidazole (vs cim etidine) in  
th e  trea tm e n t of gastroduodenal u lcers  w as pub lished  in  1986 
(Q uintero an d  Sooto). The re su lts  in healing  DU achieved by  
m etronidazole are  sim ilar to those  of cim etidine.

Since then , n u m ero u s tria ls  and  s tu d ies  have been  
carried  o u t w ith  o ther antib iotics. N itrofuranto in  an d  
furazolidone, amoxycillin, tetracycline are  th e  o ther prom ising  
an tib io tics u sed  in the  trea tm en t of duodenal u lcer. A 
com bination  of CBS w ith one or 2 of these  an tib io tics ('triple 
therapy ') gives a  b e tte r  c learance of Helicobacter pylori an d  
hence  fas te r healing  of duodenal u lcer (Borody, Cole, N oonan e t 
al 1988, Borsch, Mai an d  M uller 1988).

M any antib io tics fail to elim inate Helicobacter pylori 
desp ite  good in-vitro activity. This m ay be due  to th e  fact th a t  
som e an tib io tics lose activity a t low pH or are  n o t secreted  in  
ad eq u a te  concentra tion , or else to the  em ergence of re s is ta n t 
s tra in s  of Helicobacter pylori

Surgical procedures:

The h isto ry  of surgery  for peptic u lcer over the  p a s t 
cen tu ry  h a s  been  charac terised  by the  developm ent of surg ical
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skill and  dexterity, aided by ever safer a n a e s th e s ia  a n d  
postoperative care.

In 1814, the  vagus nerves co n stitu ted  the  e igh th  p a ir  of 
10 c ran ial nerves and  it w as accepted th a t  division of th is  nerve 
inh ib ited  the  stim ula tion  of gastric  ju ice  by  arsen ic . T his w as 
revealed by  the  experim ents of B enjam in  Brodie. U nfortunately , 
he  did b ila tera l cervical vagotom y an d  it d is tu rb ed  the  
resp ira tion  and  w as followed by death . Later, he  repeated  h is  
experim ents b u t  w ith  the  difference: 'by dividing th e  nerve, from  
w ith in  the  abdom en, above the  card iac  orifice of th e  stom ach ', 
th u s  the  b irth  of the  'subd iaphragm atic  vagotom y'.

D uodenal u lcers were d iagnosed far less frequently  th a n  
gastric  u lcers; th u s  in  the  beginning of 1 9 ^  cen tu ry  m o st of th e  
opera tions w ere perform ed for com plications of th e  gastric  
u lcers. The surgical trea tm en t of o b struc ting  DU w as 
in troduced  by Loreta, w hich w as to m ake a  a n  incision  in  th e  
a n tru m  and  th en  dilate the  pylorus w ith  fingers. Wolfler (1891) 
in troduced  gastroen terostom y and  th is  w as first perform ed for 
duodenal obstruction  by Rydygier. T hen  cam e pyloroplasty, 
particu larly  the  one th a t  b ears  the  nam e of Heineke an d  M ikulicz 
(1896). The first successfu l closure of a  perforated  DU w as 
done by  D ean in 1894, 10 years after M ikulicz-Radecki first 
a ttem pted  to close a  perforated gastric  u lcer an d  2  y ea rs  after 
the  first successfu l closure of a  perforated  gastric  u lcer. In 
1901, M oynihan w as able to find 51 p a tien ts  w ho h a d  been  
operated  on for perforated DU; only 9 recovered.

In 1852, G uenzburg p u t fo rth  the  idea th a t  th e  cau se  of 
DU w as in  som e way associated  w ith  acid  gastric  ju ice , b u t  th e  
view w as no t accepted universally  a t  th a t  tim e. The surg ical 
trea tm en t for uncom plicated DU by gastroen terostom y  w as
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perform ed by Codivilla in 1893. Later he  modified it to 
gastroenterostom y-Y , now  know n as Roux-Y gastroen terostom y  
an d  so nam ed  by him . The o ther operations in itially  u sed  for 
trea tm e n t of DU were pyloroplasty, u lcer excision, pylorectom y 
an d  antrectom y.

T heodor Billroth peform ed the  first successfu l 
gastrectom y on a  V iennese housewife, T herese Heller in  1881 
(Hugh 1985). This procedure, know n as B illroth I, consisted  of 
gastric  resection  followed by gastroduodenal anastom osis . He 
w as n o t the  first to un d ertak e  gastric  resection; he w as 
preceded by  Ju le s  E Pean of Paris (1879) an d  Ludwik Rydygier 
of Culm , Poland (1880). Rydygier (1882) perform ed the  
B illroth I resection  for a  benign pyloric u lcer in  1881. In 1885, 
th e  B illroth II operation w as in troduced as  a  tw o-stage 
p rocedure, m ore by acciden t th a n  design. It is  now adays 
perform ed as  a  one stage procedure w ith m ore th a n  40 
m odifications b u t  the  basic  principle is pa rtia l gastrec tom y an d  
gastrojejunostom y. Until 1918, it w as n o t rea lised  th a t  it w as 
essen tia l to excise two th ird s  of the  stom ach  to effect 
p e rm an en t reduction  of acid in order to reduce  th e  risk  of 
gastro je junal u lcers in sub jects who h ad  undergone 
gastroen terostom y for DU. F insterer, first recom m ended th e  
resection  of p a rt of the  stom ach  for DU, b u t did n o t receive 
overwhelm ing support. Only in 1940 did su b to ta l gastrec tom y 
gain a  firm hold in the  profession.

Nearly a  cen tu ry  after Brodie recognised th e  link  
betw een the  vagus and  gastric  secretion, R okitansky  revived th e  
nuerogenic origin b u t  th is  w as discredited  by  V irchow (1853). 
However, R okitansky 's opinion gradually  gained accep tance  over 
th e  years. Later, A ndre L ataijet of Lyons accu ra te ly  described  
th e  vagus nerve supply  of the  stom ach  (1922). D espite th e
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generally  poor experim ental and  clinical re su lts  assoc ia ted  w ith  
vagotom y, the  m odem  era  of vagotom y began  in  1943 w hen  
D ragsted t and  Owens perform ed tran s th o rac ic  vagotom y w ithou t 
a  drainage operation  (1943). This w as quickly followed by  
subd iaph ragm atic  tru n ca l vagotom y an d  gastroen terostom y  an d  
la te r pyloroplasty to provide adequate  gastric  em ptying. 
Independently , Ja c k so n  in  M ichigan (1947) a n d  F ra n k sso n  of 
Sw eden (1948) suggested th a t  a  selective vagotom y w ould 
provide gastric  denervation w ithou t the  u n n e c ssa iy  vagal 
denervation  of the  rem ain ing  organs. B u t it w as n o t recognised 
by  m any  surg ical 'giants'.

The new est operation for DU an d  one th a t  perm its 
p reservation  of the  pylorus is parie ta l cell or proxim al gastric  
vagotom y w ithou t drainage w as proposed by  Griffith an d  H ark ins 
in  1957. The report on the ir s tu d y  in  dogs w as rejected by  
every m ajor surg ical jo u rn a l, p robably  b ecau se  it w as surg ical 
heresy  to re ta in  vagal innervation  of the  an tru m . The clinical 
application  of the  operation in h u m an  sub jec ts  w as 
independen tly  in troduced  in  (1970) by  A m drup an d  J e n se n  in  
Sw eden and  Jo h n s to n  and  W ilkinson in  E ngland. T his 
p rocedure  w as know n as proxim al gastric  vagotom y (PGV), 
parie ta l cell vagotom y (PCV) or highly selective vagotom y (HSV).
It h a s  m any  attractive features, h a s  been  in  clinical u se  for 20  
years and  h a s  been  critically stud ied . The assoc ia ted  m orta lity  
is less th a n  0.5%, and  it is accom panied by v irtually  none of th e  
d isabling side effects th a t  occur w ith  o ther gastric  opera tions for 
DU. The rec u rren t u lcer ra te  h a s  varied from 2 to 30%. The 
m ain  factor th a t  influenced the  recu rrence  ra te  w as th e  skill an d  
experience of the  surgeon. T hen cam e th e  sim pler, easie r an d  
quicker procedure  know n as an terio r lesse r curve serom yotom y 
an d  (right) posterior tru n ca l vagotom y w hich gives re su lts  
sim ilar to those  of PGV. Now, th is  p rocedure  can  be perform ed 
w ithou t laparotom y via laparoscopy (videocoelioscopy)
(K atkhouda and  Mouiel 1991).
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1.2 GASTRIC SECRETION

One function  of gastric  acid is to  facilitate peptic 
digestion of dietary  protein. There is a  close re la tionsh ip  
betw een acid and  pepsinogen secretion. In general, a  s tim u la n t 
or inh ib ito r of acid secretion  will have th e  sam e effect on 
pepsinogen secretion. However, there  is no evidence th a t  acid 
secretion  regu la tes pepsinogen secretion  or vice v e rsa  (Hersey, 
Miller, May e t al 1983). In a  norm al person , u n d e r  b a sa l 
conditions th e  stom ach  secretes a n  average of 7-10%  of 
m axim um . A physiological event, a  pharm acological or a  
pathological condition increases the  gastric  secretion  above th e  
b asa l level by neu rohum ora l m echan ism s.

G astric secretion  of acid is controlled b y  excitatory  a n d  
inhib itory  stim uli th a t  are neu ro -ho rm onal in  n a tu re . T here are  
th ree  p h ases , nam ely cephalic, gastric  a n d  in te stin a l an d  th ese  
p h a ses  overlap and  in tegrate  in a  com plex m anner.

D uring the  cephalic p h ase  secre tion  m ay  re su lt from  
the  though t, sight or sm ell of food a s  well a s  from  th e  p resence  
of food in  the  m outh , a s  in sham -feeding. The cephalic p h a se  is 
triggered by vagal stim ula tion  and  vagotom y elim inates th is  
phase.

The gastric  phase  is activated e ither by  d isten sion  of 
stom ach  or by chem icals in the  food. D istension  of sto m ach  by  
food stim u la tes s tre tch  receptors and  elicits a  local and  
vagovagal reflexes. Peptides and  am inoacids in  th e  food 
stim u la te  chem oreceptors in the  pyloric area. The la te r two 
events cause  G-cells of the  gastric  a n tru m  to release  g astrin  
w hich is carried  by the  blood s tream  to  th e  parie ta l cells an d  
s tim u la tes  them  to secrete acid. W hen th e  a n tru m  is in  co n tac t
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w ith acid, fu rth er release of gastrin  is inh ib ited  by  a  negative 
feed b ack  m echanism . Vagotomy reduces m axim al secre tion  by  
50-70%  (Payne and  Kay 1962, B aron an d  S pencer 1976) an d  
vagotom y and  an trectom y reduces the  m axim al secre tion  by  85%  
(Leth, E lander, Fellenius et al 1984).

The in testina l phase  is in itia ted  by  d is ten sio n  of th e  
duodenal wall or by  chem icals in tra lum inally  in  th e  d u o d en u m  
(peptides, am ino acids). N euroreceptors are  s tim u la ted  an d  
in testina l gastrin s  and  o ther horm ones secreted . T his p h a se  is 
com plicated by the  p resence of inhib itory  m echan ism s.

At least 4 endogenous su b s ta n c es  have identified a s  
secretagogues; h istam ine, gastrin , acetylcholine an d  calcium . 
A part from  calcium , the  o ther su b s ta n c es  have recep to rs on  the  
o u te r m em brane of the  parie ta l cells and  on in te rac tion  they  
in itiate  th e  in trace llu lar biochem ical reac tion  w h ich  u ltim ately  
activates the  pro ton  pum p.

1.3 HELICOBACTER PYLORI

The presence of sp iral organ ism s in  the  h u m a n  
stom ach  h a s  been  reported a t in tervals th ro u g h o u t th is  cen tu ry , 
b u t  M arshall and  W arren first d em onstra ted  th e  re la tionsh ip  
betw een th is  bacteria  and  gastritis  an d  peptic u lceration . The 
c u rren t world wide in te res t in  H  pylori is explosive. T here is 
a lm ost un iversal accep tance th a t  H  pylori is a  pa thogen  an d  a  
dom inan t cause  of non-au to im m une type B active-chronic 
g astritis  (ACG). Its role in  the  pathogenesis of duodenal u lce r 
needs fu rth e r investigation.

Helicobacter pylori [H pylori) is an  S -shaped
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G ram -negative m icro-organism  an d  m easu re s  approxim ately  3pm

by  0.5pm . The organism  is found w ith in  an d  below  m u cu s  

overlying gastric  a n tra l type m ucosa. The b ac te ria  a re  rap id ly  
killed by  acid pH in  vitro, yet m ost sub jec ts  w ith  H  pylori a re  
sa id  to  have norm al (Brady, Hadfield, H yatt e t al 1988, K ang a n d  
Wee 1991) or h igher gastric  acidity  (Levi, B eardshall, H addad  e t 
al 1989, McColl, Fullarton , N ujum i et al 1989). T his o rganism  
is found only in  gastric  type epithelium  no m a tte r  w he ther it is 
found in  the  oesophagus (Pauli an d  Yardley 1988, W alker, B irch, 
S tew ert 1990), duodenum  (Wyatt and  R athbone 1989), or 
M eckel's diverticulum  (Morris, Nicholson, Zwi e t a l 1989, Fich, 
Talley, S horte r e t al 1990). The n a tu ra l h isto ry  of H  pylori 
infection is still a  puzzle. A pproxim ately 20%  of norm al 
asym ptom atic  vo lun teers have been  found to have H  pylori 
gastritis  and  the  incidence rises w ith  age (Barthel, W estblom , 
Harvey e t al 1988, G reenberg an d  B ank  1990). The o rgan ism  is 
rare ly  found on norm al m ucosa. It is n o t clear how  infection is 
u su a lly  acquired, though  it h a s  been  noted  th a t  infection h a s  
been  tran sm itted  by inadequately  sterilized endoscopes.
H  pylori o rganism s produce a  large am o u n t of u rea se  and  th e  
activity of th is  enzyme is u tilised in  the  detection  of th is  
bacterium . A wide range of an tib io tics kill th e  o rgan ism  in  
vitro, b u t  they  are generally less effective in  vivo, p robably  
b ecau se  they  do n o t reach  the  site of infection in  a  concen tra tion  
high  enough  to kill the  H  pylori
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2. HISTORICAL REVIEW

2.1 GASTRIC SECRETION

The gastric  m ucosal ep ithelium  includes cells th a t  line 
the  surface, cells th a t  line the  gastric  p its  an d  cells com posing 
the  gastric  g lands b en ea th  the  pits. Cells th a t  line th e  surface 
and  the  p its  a re  the  sam e th ro u g h o u t th e  stom ach; th ey  are  
co lum nar in  type and  secrete  m u cu s an d  b icarbonate . The 
surface cells also m ain ta in  a  lum en-negative po ten tia l difference 
(McGreevy 1984) and  dispose of hydrogen ions (Olender,
From m , F urukaw a et al 1984).

In co n tra s t to surface cells an d  cells th a t  line the  
gastric  pits, cells com posing gastric  g lands differ from  one 
region of the  stom ach  to ano ther. The g lands of th e  body and  
fu n d u s have different secretory  functions from  those  of the  
an tru m . The g landu lar cells of the  gastric  a n tru m  synthesize 
and  release a lim entary  polypeptide ho rm ones su c h  a s  gastrin .

The gastric  g lands of fu n d u s an d  body are  com posed of 
m ucous cells, parie ta l (oxyntic) cells and  chief (peptic) cells. 
Some of the  g lands also con tain  en terochrom affin  cells, w hich  
con tain  serotonin , and  several types of endocrine cell. The 
parie ta l cells secrete  acid and  in trinsic  factor (the la tte r  is 

needed for the absorp tion  of d ietary  v itam in  B 12) an d  th e  chief

cells secrete pepsinogens (I and  II) w hich  a re  converted by  acid 
to pepsins.
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2.1.1 GASTRIC TUICE

Gastxic ju ice  is conveniently regarded  a s  a  m ix tu re  of a n  
aq u eo u s so lu tion  of hydrochloric acid an d  o th er electrolytes, an d  
enzym es - a  parie ta l secretion; and  a  m uco u s or n o n -p arie ta l or 
alkaline secretion. The acid con tribu tes to th e  g rea tes t p a r t  a n d  
th e  hydrochloric acid is secreted  from th e  parie ta l cells 
together w ith  o ther electrolytes su c h  a s  sod ium  an d  p o tassiu m .
In practice, pu re  gastric  ju ice  is unob ta inab le  b ecau se  of 
con tam ination  w ith  the  o ther gastric  con ten ts . However, u n d e r  
m axim al stim u la tion  in  m an, parie ta l secretion  ap p ea rs  to 
con ta in  170 m m ols per litre of chloride and  145 m m ols per 
litre of hydrogen ion in addition to sm all a m o u n ts  of p o tass iu m  
(17 m m ols I 1) and  sodium  (7 m m ols T1) m aking  it 
approxim ately  isotonic w ith p lasm a  (Hobsley an d  W hitfield 
1977).

The enzym e secretion  of the  stom ach  co n sis ts  m ain ly  of 
inactive pepsinogen p recu rso rs su c h  a s  (i) pepsinogen  I w hich  is 
secreted  from the  m u cu s neck  and  chief cells an d  (ii) 
pepsinogen II secreted  from the  cells in  the  pyloric a n tru m  an d  
B ru n n e r's  glands. These p recu rso rs  are  converted by  th e  action  
of acid in to  active pepsins w hich b reak  down th e  polypeptide 
links ad jacen t to the  arom atic am inoacids of ingested  pro te ins.

The gastric  m ucus is secreted  by  th e  su rface  epithelial 
cells in response  to m echanical an d  chem ical irrita tion  of th e  
stom ach  as  well a s  following sym pathetic  an d  parasy m p ath e tic  
stim ula tion . The m u cu s h a s  a protective role ag a in st acid and  
peptic digestion of the  gastric  m ucosa.
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2 .1 .2  NATURE OF THE ACID

The first a ttem p t to determ ine th e  n a tu re  of th e  acid 
w as m ade by M acQ uart in  1786 and  he th o u g h t th e  gastric  ju ice  
con ta ined  various sa lts  of acids su c h  a s  acetic, lactic  an d  
phosphoric  acid. In 1803 Young also a ttem p ted  to identify  the  
acid an d  u n til 1824 it w as th o u g h t th a t  the  acid in  th e  gastric  
ju ice  w as phosphoric  acid. W illiam P rou t in  1824 proved th a t  
free hydrochloric acid w as the  only acid p re sen t in  th e  gastric  
ju ice . It took nearly  30 years to settle  th e  debate  in  favour of 
hydrochloric acid and  th is  w as concluded by  B idder an d  
Schm id t in  1852, two years after P rou t’s death .

Pavlov (1902) w as the  first person  to be in te res ted  in 
th e  acid concentration  of gastric  ju ice. H is findings w ere la te r  
quantified  by H ollander (1932) in  the  'Two C om ponent 
H ypothesis'. The hypothesis suggested th a t  gastric  ju ice  is a  
m ix ture  of pu re  acid com ponent, secreted  by p arie ta l cells and  
a n  alkaline com ponent of e ither surface epithelial cells or 
m uco u s neck  cells (Makhlouf, M cM anus and  C ard 1966). T his 
h a s  been  validated and  confirm ed by Hobsley an d  S ilen (1970).
In c o n tra s t to th is  it h a s  been  claim ed th a t  a  p rim ary  acid 
secretion  is altered by b ack  diffusion of hydrogen ions in  
exchange of sodium  ions (Teorell 1947) to acco u n t for th e  
p resence  of sodium  in the  gastric  ju ice . His findings suggested  
th a t  H+ w as lost from the  lum en twice a s  fas t a s  Na+ w as gained 
from  th e  gastric m ucosa. D avenport, W arner an d  Code (1964) 
suggested  a  ratio of 0.85:1 for N a/H  exchange. B u t in  1970 it 
w as show n th a t  varia tions of electrolyte concen tra tions in  gastric  
asp ira te  from sub jects w ith pern ic ious an aem ia  a re  p robably  due  
to the  dilu tion of the  gastric  ju ice  by saliva; an d  th e  p u re s t  
specim en of alkaline gastric  ju ice  closely resem bled  th e  alkaline

41



com ponent predicted  by  the  'tw o-com ponent' hypo thesis 
(G ardham  and  Hobsley, 1970). In 1974, th is  hypo thesis w as 
modified by  Hobsley who show ed th a t  the  p u re  gastric  ju ice  is 
also  a ltered  by  a n  alkaline con tribu tion  from  refluxed duodenal 
con ten ts .

W ith regard to the  acid com ponent of gastric  ju ice , the  
p u re s t gastric  ju ice  h a s  a  com position of [H+] 145, [Cl“] 170, 
[Na+] 7 an d  [K+] 17 (Hobsley an d  W hitfield 1977). In 1978 
Hobsley and  W hitfield produced evidence th a t  c a s t d o u b t on  th e  
necessity  for the  back  diffusion hypo thesis a s  a n  exp lanation  for 
th e  ap p a ren t alkaline com ponent.

2 .1 .3  ACID SECRETION & DUODENAL ULCER

The p a rt played by acid in  th e  developm ent of d uodenal 
u lcer h a s  been  recognised for m any  years an d  Schw arz's d ic tum  
of 1910, "No acid no ulcer" h a s  held  tru e . B aron  (1972) s ta te d  
th a t  duodenal u lcers are  very unlikely to develop w ith  m axim al 
acid secretion  of less th a n  15 m m ol p e r h o u r an d  also  ind icated  
th a t  excessive acid secretion above the  norm al range is only 
found in  h a lf of the  sub jec ts  w ith duodenal u lcer. L ater Hobsley, 
W hitfield, Faber e t al (1975) correcting for pyloric losses found  
th a t  only a  q u a rte r  to th ird  were hypersecretors.

In 1926, G alam bos dem onstra ted  a  g rea te r m ean  b a sa l 
secretion  in  duodenal u lcer sub jec ts  th a n  in  controls. Polland 
an d  Bloomfield (1931) show ed th a t  norm al su b jec ts  p roduced  a  
con tinuous though  sm all b asa l secretion  an d  they  confirm ed th e  
hypersecretion  of sub jects w ith  duodenal u lcer. Several w orkers
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reported  high acid b asa l o u tp u t in  sub jec ts  w ith  duodenal u lcers. 
However, b asa l gastric  secretion w as regarded a s  a n  unreliab le  
m easu re . In 1943, based  on D ragsted t’s theo ry  th a t  b a sa l 
hypersecretion  of acid gastric  ju ice  in duodenal u lcer su b jec ts  
w as prim arily  due to vagal drive, vagotom y w as advocated in  th e  
surg ical m anagem ent of duodenal u lcers (D ragstedt an d  O w ens 
1943). Faber and  Hobsley in  1977 show ed th a t  vagal drive could 
only be an  aetiological factor in  a  sm all p roportion  of sub jec ts  
an d  R oxburgh (1989) h a s  com pletely disproved th is  hypo thesis 
of increased  vagal drive. H ypersecretion h a s  b een  th o u g h t to 
reflect the  increased  parie ta l cell m ass  and  th is  h a s  been  
confirm ed by Roxburgh (1989). This hypersecretion  seem s to 
be a n  acquired phenom enon. M aximal acid secre tion  in  
duodenal u lcer increases w ith the  du ra tion  of th e  d isease  
(Hobsley, Whitfield, Faber et al 1975), a lthough  S ircus (1977) 
did n o t confirm  th is  observation. In any  case, it now  seem s 
clear th a t  th e  hypersecretion  is rela ted  to  cigarette  sm oking; a s  
tim e p a sse s  and  the  length of the  h isto ry  increases, so does th e  
to ta l n u m b er of cigarettes sm oked and  so does th e  m axim al 
secretion  increase  (Roxburgh 1989). A part from  a n  increased  
secretory  capacity  and  the now  disproved increased  drive on  th e  
parie ta l cells, th ere  h a s  been  a  suggestion th a t  th e re  is increased  
sensitiv ity  of the  parie ta l cells to various stim uli in  duodenal 
u lcer sub jects. T hus the  dose of p en tag as trin  required  to 
provide half-m axim al stim ula tion  in  DU su b jec ts  w as only 
one-th ird  of th a t  required in  norm al sub jec ts  (Isenberg,
G rossm an  and  Maxwell 1975). However, th is  phenom em on is 
n o t observed in  all sub jects w ith  duodenal u lce rs an d  h a s  been  
since disproved (Roxburgh 1990, personal com m unication).

Popielski, in  1920, show ed th a t  h is tam in e  increased  
th e  gastric  secretion  of acid in  dogs and  C arnot, Koskowski a n d  
Libert (1922) show ed the  sam e effect in m an  u sin g  a  dose 
equivalent to 0 .03  jimol per kg body weight. In 1953, Kay
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in troduced  a  m ore precise te s t of the  gastric  acid  secretory  
function  u sing  a  large dose of h istam ine  w ith  a n  an ti-h is tam ine . 
H is re su lts  confirm ed the  rela tionsh ip  of gastric  secre tion  of 
d uodenal u lcer sub jec ts  and  of controls previously carried  o u t by 
m an y  resea rch  w orkers. Kay found th a t  a  su b c u ta n e o u s  bo lus 
dose of 0 .13  pmol per kg body w eight of h istam ine  acid 
p h o sp h a te  gave a  m axim al secretion  of gastric  ju ice  in  the  
period 15-45 m inu tes after injection. S im ilar re su lts  were 
rep roduced  by o ther w orkers w ith larger doses of h istam ine  
(Songster, G rossm an and  Ivy 1946, H alpem  1947).

In order to produce a  p la teau  of m axim al response , 
Lawrie, Sm ith  and  F orrest in  1964 u sed  a  co n tin u o u s 
in travenou s infusion of h istam ine  and  produced  a  m axim al 
response  yielding a  m ean  acid secretion  of 24 .0  m m ol p e r h o u r 
in  26  m ale controls and  42.3  m mol per h o u r in  m ale DU 
sub jec ts . H assan  and  Hobsley (1971) u sin g  th e  sam e techn ique  
found a  m ean  of 33 .9  m mol per h o u r in  20  m ale con tro ls and  a  
m ean  of 41 .17  m mol per h o u r in  20  DU sub jec ts . S im ilar re su lts  
were reproduced  by  m any  w orkers, also u sing  a  m axim al bo lus 
dose of p en tag astrin  (Johnston  and  Je p so n  in  1967).

The weighted m eans of all these  s tu d ies  w ere 29 .36  
m m ols p er h o u r for the  control and  43.17  m m ol p e r h o u r  for 
the  DU sub jec ts  (Whitfield 1984), th a t  m eans a n  increase  of 47%  
above the  control m ean; th u s , the  findings w ere considered  to 
be  of g rea t pathophysiological im portance for th e  developm ent 
of u lcer in the  duodenum .

M aximal gastric  secretion show s a  g rea t varia tion  from 
individual to individual and  from group to group. O ne reason  for 
th ese  observed group differences m ay be a  re la tionsh ip  betw een 
body size and  gastric  secretion as  suggested by  M arks in  1961 in 
h is  sum m ary  of the  augm ented  h istam ine  test. The difference in
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m axim al acid o u tp u t before and  after gastrectom y is re la ted  to 
th e  calcu lated  parie ta l cell m ass of the  resected  portion  (Card 
an d  M arks 1960, Cheng, Lam an d  Ong 1977). M axim al acid 
secre tion  m easu rem en ts  in  children  have show n th a t  secre tion  
increased  as  the  age and  w eight of the  ch ild ren  increased .
B aron  in  1964 found no correlation betw een body w eight an d  
acid secretion  in  a d u lt m ale controls or a d u lt m ale DU.
However, the  sam e au th o r did find a  correlation  betw een 
m axim al acid o u tp u t and  body w eight in  fem ale con tro ls b u t  n o t 
in  fem ale DU. H assan  and  Hobsley in  1971 found a  sign ifican t 
correlation  betw een acid secretion, an d  separately , w eight, lean  
body m ass, surface a rea  and  heigh t in  b o th  contro ls a n d  DU 
sub jec ts , though  the  w eight w as a  poor correlate.

B aron  in  1969 found a  sta tistica lly  significant effect of 
sex  on m axim al gastric  secretion over th e  age of 30. H a ssan  an d  
Hobsley (1971) u s in g  pyloric loss corrected v a lu es found  
significant differences in  the  m axim al gastric  secre tion  betw een 
m ale and  female controls and  betw een m ale an d  fem ale duodenal 
u lcer sub jec ts  b u t  these  differences becom e non-sign ifican t after 
correction for lean  body m ass. T hus th e  differences in  
secretion  ap p ear to be due to the  differences in  s ta tu re  an d  
th ese  findings were also confirm ed by A nderson , Dotevall,
L ingaas e t al in  1970.

M ales generally have a  g rea ter m axim al gastric  
secretion  ra te  th a n  fem ales and  the  m ost obvious 
epidemiological aetiological factor in  duodenal u lce rs  is  th a t  th e  
m ajority  of sufferers are m ale (Brown, L angm an an d  L am bert 
1976). These findings of g reater secretion  could be sim ply  due 
to  th e  g rea ter height and  weight of m ales. However, th e  m ale /  
fem ale ratio  h a s  been  decreasing  over th e  la s t 2 decades a n d  it 
h a s  been  postu la ted  th a t  th is  change is due  to th e  fact th a t  m ore 
fem ales have tak en  u p  sm oking, an d  ten d  to s ta r t  a t  a n  especially  
young  age (K urata 1985).
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2 .1 .4 METHODS USED TO MEASURE GASTRIC SECRETION

M easurem ent of gastric  secretion  requ ires a  safe m ean s 
of ob tain ing  the  ju ice  a s  well a s  an  accu ra te  m ethod  of analysis. 
A m ajo r problem  of gastric  secretion  te s ts  is the  positioning  of 
th e  tip  of the  nasogastric  tu b e  in  th e  sto m ach  to e n su re  th e  b e s t 
recovery of the  secretion. The problem  of positioning  of the  
tu b e  w as overcome by th e  m ethod p ioneered by  H a ssan  an d  
H obsley (1970), called th e  w ater-recovery tes t. The a sse ssm e n t 
of th e  com pleteness of gastric  asp ira tion  w as m easu red  by  the  
dye d ilu tion  technique.

2 .1 .5  NASOGASTRIC TUBE

The developm ent of the  nasogastric  tu b e  is a  m a tte r  of 
considerable  in terest. The first s tom ach  tu b e  w as m ade by  V an  
H elm ont in  1648, from lea th e r soaked in  resin . B u t it w as 
B oerhaave (1744) who first described  th e  u se  of a  s to m ach  tu b e  
to give an tido te  to children  w ho h ad  swallowed hem lock, an d  
were un ab le  to swallow b ecau se  of the  convulsions. In  1793 
J o h n  H u n te r u sed  a  stom ach  tube  m ade from  eel sk in  for 
in trag astric  instillation in  a  sub jec t w ith  dysphagia. Physick  in  
1812 a ttach ed  a  pum p to th e  end of th e  sto m ach  tu b e  to a sp ira te  
lau d a n u m  from tw ins w ho h ad  accidently  been  overdosed. In  
1909 E inhorn  devised a  sm aller tu b e  for duodenal in tu b a tio n  a n d  
la te r o thers ( R ehfuss 1914, Ryle 1920, Levin 1921) m ade 
fu rth e r m odifications. Leube (1871) seem s to  have b een  firs t to 
u se  th e  stom ach  tube  to explore the  gastric  response  to  a  te s t  
m eal in  order to d istingu ish  betw een varie ties of dyspepsia .
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The com m only u sed  nasogastric  tu b e s  a re  slight 
m odifications of those described by Ryle (1920). H obsley and  
Silen (1969) added a  second lum en  to allow th e  in fusion  of 
m ark e r dye w hich w as needed to a sse ss  accu ra te ly  th e  volum e of 
gastric  secretion.

2 .1 .6  POSITIONING OF THE NASOGASTRIC TUBE &

SUBTECT

The stom ach, an  irregularly  sh ap ed  m u sc u la r  o rgan  
w ith  an  open d istal end, p resen ts  special difficulties of com plete 
asp ira tion . Hence, m uch  a tten tion  h a s  been  given to th e  
positioning of the  nasogastric  tube  an d  su b jec ts  d u rin g  th e  
gastric  secretion stud ies in  o rder to ob tain  a n  ad eq u a te  recovery 
of gastric  ju ice.

(a) N asogastric Tube

Any positioning of the  tube  w as initially m ore lu ck  th a n  
any th ing  else. Ja m es  and  Pickering (1949) show ed th a t  th e  
acidity  in  a  sam ple of gastric  ju ice  m ight differ accord ing  to the  
position of the  tip of the  tube  w ithin  th e  stom ach  an d  therefore 
u sed  fluoroscopy to check its position. Since th e n  m any  
w orkers (Kirsner, Bock, Palm er et al 1956, Jo h n s to n  an d  
McGraw 1958, Royle and  Catchpole 1967) have s tre ssed  th e  
necessity  to u se  fluoroscopy to ob tain  a  reliable re su lts .

B u t th is  procedure is tim e consum ing  an d  involves 
rad iation . H assan  and  Hobsley (1970) devised a  sim pler m ethod
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to  en su re  the  correct position of the  tube, know n a s  th e  w a ter 
recovery test. Findlay, P rescott and  S ircus in  1972 com pared 
th e  re su lts  of secretion s tud ies  perform ed on successive days on 
th e  sam e group of sub jects u sing  fluoroscopy or the  w a ter 
recovery te s t to position the  nasogastric  tube . For every sub jec t 
each  positioning procedure w as carried  o u t on one of two 
consecutive days. No significant difference w as found betw een 
th e  secretory  re su lts  irrespective of th e  m ethod  u sed  for 
positioning of the  nasogastric  tube, and  th is  s tu d y  validated  the  
w ater recovery te s t a s  a  m ethod for sa tisfac to ry  tu b e  p lacem en t 
for gastric  secretion stud ies.

(b) Subject

There h a s  been  less controversy ab o u t positioning  the  
su b jec t for th e  secretion  study . Kay (1953) s tre ssed  th a t  th e  
left la tera l position w as the  optim al position  for gastric  secretion  
tes t. H ector in 1968 sta ted  th a t  there  w as a n  increased  
recovery of gastric  ju ice  w hen sub jec ts  were in  th e  left la tera l 
position  w ith the  foot end of the  bed raised  com pared  w ith  a  
control group w hose stom achs were asp ira ted  while seated . 
T hese re su lts  canno t be accepted because  he  did n o t s ta te  
w he ther the  two groups were m atched  for age, sex, s ta tu re  and  
clinical state; all of w hich could have influenced the  re su lts . In 
1970, H assan  and  Hobsley found no difference in  th e  recovery of 
gastric  ju ice, a s  determ ined by phenol red  m easu rem en ts , 
w h e th er the  sub ject lay in the  sem i-recum bent position  or in  the  
left la tera l position.
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2.1 .7 ASPIRATION OF GASTRIC TUICE SAMPLES

The sam pling of the  gastric ju ice  becam e easy  and  
p rac tical only after the  advent of the  flexible gastric  tu b e . E arly  
w orkers (Rehfuss 1914, and  Ryle 1926) u sed  in te rm itten t h a n d  
suc tion  for sam pling the  gastric  ju ice. Lim, M atheson  an d  
Schlapp in  1923 recom m ended the u se  of co n tin u o u s 
m echanical suction  w hich they  found m ore efficient th a n  h a n d  
asp ira tion . This rapidly  gained popularity  an d  Jo h n s to n  an d  
M cGraw again  com pared bo th  m ethods of asp ira tio n  in  1958 an d  
concluded th a t  con tinuous m echanical suc tion  is b e tte r  and  
m ore efficient th a n  in te rm itten t h an d  suction .

Though the  accu ra te  positioning of th e  tu b e  an d  
con tinuous m echanical asp ira tion  increased  th e  recovery of th e  
gastric  ju ice, it w as still no t complete. This erro r w as 
elim inated by a  very sim ple m ethod, u sing  th e  dye d ilu tion  
technique. A know n concentra tion  of a  m ark e r in  a  know n 
volum e is instilled into the  stom ach, allowed to m ix well an d  
asp ira ted  after a  know n tim e. The concen tra tion  of th e  m ark e r 
in  the  asp ira ted  sam ple is found and  hence th e  a c tu a l volum e of 
liquid th a t  h a s  been  added to the  stom ach  since th e  la s t 
asp ira tion  can  be calculated.

M athieu (1896) w as the  first to investigate th e  factor of 
d ilu tion  in  gastric  analysis and  G orham  in  1923 u sed  
pheno lsu lphonph thale in  (phenol red, PSP) a s  a  d ilu tion  
indicator. W hen gastric  m otility is inhib ited  th e  recovery of 
phenol red is 100% (Penner, Post an d  H ollander 1940). Bloom, 
Ja co b sen  and  G rossm an (1967) found th a t  th ere  w ere losses of 
u p  to 17% after initial instillation  b u t  su b seq u e n t instilla tion  
show ed a  recovery close to 100%. This initial a p p a re n t loss is
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due to the  sequestra tion  of the  PSP in  th e  folds of gastric  
m ucosa. Hobsley and  Silen (1969) modified th e  techn ique  w ith  
th e  u se  of a  con tinuous infusion of PSP th ro u g h  a  double lu m en  
n asogastric  tube  an d  overcam e the  problem  of sequestra tion .
The volum e (as a  p la teau  average) by  w hich a sp ira tio n  is 
incom plete once a  s teady  sta te  h a s  been  reached , can  be eq u a ted  
to pyloric loss.

2 .1 .8  MEASUREMENT OF THE GASTRIC TUICE

Jaw orsk i and  G luzinski (1886) titra ted  th e  gastric  ju ice  
w ith  N / 10 sodium  hydroxide u sing  litm u s p a p e r a s  a n  ind icator, 
and  expressed acid concentra tion  a s  cc N /1 0  NaOH p er 100 cc 
of gastric  ju ice. The in troduction  of the  pH scale  for hydrogen 
ion concentration  by Sorensen  (1909) m ade it possible  to titra te  
to a  specific end point. C hristian sen  (1912) determ ined  th e  pH  
ranges of various indicators and  recom m ended th a t  gastric  ju ice  
shou ld  be titra ted  using  Topfer's reagen t or Congo red  as 
ind icato r to determ ine free acid and  th en  w ith  litm u s p ap er to 
determ ine the  to tal acid. In 1931 H ollander recom m ended a  
pH of 7 a s  the  end point. The developm ent of electrom etric 
titra tio n  m ethods m ade the  m easu rem en t easy  an d  various form s 
are  in  u se  now adays.

2 .1 .9  CORRECTION FOR PYLORIC LOSS

The pylorus, w hich h as  th ick  an d  p ro m in en t m uscle  
layers m ark s the  gastroduodenal ju n c tio n . E lectrical and
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rad iographic stu d ies  show  the pylorus to be a  h igh  p re ssu re  zone 
(Fisher and  Cohen 1973). The an trum , py lorus an d  proxim al 
duodenum  can  function a s  a  single u n it in  expelling th e  gastric  
con ten ts  in to  the  duodenum  (Heading 1984). W hen th e  flow is 
in  the  opposite direction, the  re su lt will be a  gain  of duodenal 
con ten ts  w ith in  the  stom ach.

The dye dilu tion m ethod is u sed  to  co rrect th e  loss. 
Recovery of various m arkers, su ch  as polyethylene glycol, 
radio-iodinated serum  album in  an d  phenol red  (Johnston  an d  
McGraw 1958, B endett, Fritz and  D onaldson 1963, Lari, L ister 
and  D uthie 1968) were used . PSP w as th e  m ost com m only u sed  
ind icator because  it is inert, cheap, easy  to m easu re  an d  stab le  in 
the  pH range of gastric ju ice . Panda, V an Peborgh, E lder e t al 
(1974) doubted  the  in e rtn ess  of PSP in  co n tac t w ith  stom ach  
m ucosa, b u t  the ir experim ental m odel w as can ine  and  is n o t 
necessarily  applicable to h u m a n  stud ies.

Some w orkers have no t u sed  d ilu tion  ind icato r 
m arkers, p resum ably  because  they  were n o t certa in  th a t  
quantifying pyloric losses would improve th e  accu racy  of th e ir  
te s ts  (Levin, K irshner and  Palm er 1948). However, H obsley and  
Silen (1969) have show n th a t  during  h is tam in e-stim u la ted  
subm axim al gastric  secretion using  PSP a s  a  m arker, the  
coefficient of variation of the  sam ples on a  p la tea u  w as 
significantly less if the  volum e w as corrected for pyloric losses 
th a n  if no correction w as m ade. H assan , G ardham  a n d  Hobsley 
(1969) found th a t  a s  m u ch  as 20%  of the  acid o u tp u t m igh t be 
lost th rough  the pylorus. Both Hobsley an d  Silen (1969) a n d  
V enables (1972) s ta ted  th a t  pyloric loss is p robab ly  c o n s ta n t 
ra th e r  th a n  a  fixed proportion of secretion, so th a t  th e  
proportional effect of loss is lower a t  th e  h igh  ra te  of gastric  
secretion  associated  w ith  duodenal u lcer. W iem an, W hifield and  
Hobsley (1988) have show n th a t the  PSP estim ated  pyloric loss
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is physiological in  th e  sense  th a t  it gives an  index  of th e  in trinsic  
em ptying ability  of the  stom ach . Recent w ork h a d  show n th a t 
in  any  one su b jec t pyloric loss is related  to th e  m axim al 
secretory  capacity  of th a t  pe rson  and  h a s  a  c o n s ta n t value 
(Roxburgh 1989).

2 .1 .10  CORRECTION FOR DUODENOGASTRIC REFLUX

The first pe rson  to docum ent duodenogastric  reflux w as 
B eaum ont (1833) an d  since th e n  m any  w orkers (Ewald 1892, 
Roholm  1930, Faber, R ussell, Royston e t al 1974) recognised 
an d  appreciated  th e  reflux of duodenal co n ten ts  in to  the  
stom ach , especially  du ring  th e  in su lin  te s t a fter a  vagotom y and  
d rainage procedure.

D uodenogastric  reflux is often seen  du rin g  gastroscopy 
an d  the  a sse ssm e n t of reflux does n o t correlate  well w ith  the  
m easu red  bile acid concen tra tion  (Domellof, Reddy and  
W eisbergerl980). The m ethod u sed  by C apper, A rith  an d  Kilby 
(1966) h a s  m arked  draw backs and  the  re su lts  can n o t be 
validated. N on-absorbable m ark e rs  su c h  a s  polyethylene glycol 
and  PSP were u sed  to quantify  the  reflux b u t  th e  techn ique 
required  duodenal in tuba tion .

B ased on the  tw o-com ponent hypo thesis  (Hollander 
1932) Hobsley, G ardham  and  H assan  (1968) proposed  to u se  
sodium  as a  m ark e r for the  m easu rem en t of duodenogastric  
reflux. The tw o-com ponent hypo thesis p o s tu la te s  th a t  th e  acid 
com ponent is of c o n stan t concen tra tion  b u t  of variable  volum e 
and  the  alkaline com ponent is of c o n stan t volum e an d  w ith  a  
com position approxim ately  th a t  of in testitia l fluid. M akhlouf,
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M cM anus and  Card (1966) found th a t  hydrogen ion 
concen tra tion  w as low a t low secretion  ra te  b u t  rose in  a  
hyperbolic fashion as  secretion w as stim ula ted . Reciprocally, a t 
low secretion  ra te  there  w as a  h igh concen tra tion  of sod ium  
w hich  rap id ly  decreased  a s  secretion  increased .

The theoretical b asis  of the  two com ponent hypo thesis 
w as explored and  it w as show n th a t  th e  varia tions in  gastric  
acidity  and  tonicity  were b e tte r explained by  duodenogastric  
reflux (Hobsley 1974). F iddian-G reen, Parkin , F aber e t al in  
1979 fu rth er confirm ed th is  by m easu ring  bile labelled w ith  
indocyanine green, w hich w as given in travenously , and  sod ium  
concen tra tion  (Hobsley 1974) in th e  duodenogastric  reflux 
induced  by secre tin  a t the  m axim al p la teau  of gastric  secretion . 
G astric  em ptying and  duodenogastric  reflux in  hea lth y  
vo lun teers (M uller-Lissner, Fim nel, S onnenberg  et al 1982) an d  
in  sub jec ts  w ith  peptic u lcer are  unaffected  by  gastric  in tu b a tio n  
(Wolverson, Sorgi, M ossim an et al 1984).

Tc99m-labelled im inodiacetic acid w as u sed  to 
radio-label the  bile and  the  duodenogastric  reflux w as m easu red  
by  external scintillation scan . Q uantification  w as possible  over 
regions of in te res t (stom ach, duodenum , liver etc) b u t  an  
accu ra te  m easu rem en t of low volum e in te rm itten t reflux w as n o t 
possible (Thomas 1984). However, sod ium  as  a  n a tu ra l m ark e r 
is a  b e tte r label th a n  any  artificially labelled su b s ta n c e  to s tu d y  
th e  duodenogastric  reflux.
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2 .2  HELICOBACTER PYLORI

The sp ira l organism , initially nam ed  a s  Cam pylobacter 
pyloridis, th en  changed to Campylobacter py lori a n d  now  know n 
a s  Helicobacter pylori (H pylori), is a  newly recognised bacterium . 
T his bacterium  is a n  im portan t cause  for gastritis  a n d  H  pylori 
infection is associated  w ith duodenal u lcer, gastric  u lcer, gastric  
cancer and  non-u lcer dyspepsia. These assoc ia tions have 
p rom pted  an  unpreceden ted  am o u n t of active investigation  over 
the  la s t 8  years. H pylori infection m ay be diagnosed e ither 
invasively or non-invasively. Invasive m ethods include  ob tain ing  
gastric  biopsy by endoscopy and  perform ing biochem ical, 
m icrobiological and  histological stud ies, while non-invasive 
m ethods include th e  u re a  b rea th  te s t  an d  th e  serological 
technique. W ith improving m ethods, th e  sensitiv ity  an d  
specificity of each  techn iques are  now  ra ted  95% -100% .

2.2.1 THE DISCOVERY

This bacterium  w as first cu ltu red  in  1982 by  M arshall 
and  W arren in  Perth, A ustralia . However, it is p robable  th a t  th is  
organism  w as seen  in  the  stom ach  by m an y  h is topatho log is ts  long 
ago.

In 1874, B ottcher identified bacteria-like  o rgan ism s in  
the  stom achs of cadavers and  th o u g h t th ey  m ight be  due  to
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au to lysis (Barber and  F ranklin  1946). T hereafter Bizzozero in  
1893 described sp ira l organism s in m am m alian  stom ach  and  
th is  w as la te r confirm ed by  Salom on (1896). K rienitz from 
G erm any w as first to describe sp ira l organ ism s in  th e  h u m a n  
stom ach , in  1906. Doenges in 1938 exam ined 242 h u m a n  
sto m ach s from postm ortem  specim ens an d  found th a t  43%  
contained  sp irochaetes. Two years later, Freedberg  an d  B aron in  
B oston found these  sp iral bac te ria  in  13 of 35 gastrec tom y 
specim ens. Until 1975, it w as concluded th a t  th e  b ac te ria  were 
n a tu ra l in h ab itan ts  in  the  stom ach, becam e m ore p rom inen t 
w hen  pathology w as p resen t and  were n o t associated  w ith  the  
pathogenesis of peptic ulceration.

In 1975, S teer and  C olin-Jones from  S o u th am p to n  
described  the  bacilli in  h u m an  stom achs, closely re la ted  to the  
gastric  m ucosa  in  association  w ith gastritis . W arren, in  1979, 
no ted  th e  appearance  of sp ira l b ac te ria  overlying th e  gastric  
m ucosa  and  associated  w ith the  inflam ed gastric  tis su e  (W arren 
an d  M arshall 1983). Later, in  1984, S teer show ed th e  sp ira l 
b ac te ria  in large num bers on the  surface of gastric  ep ithelium  an d  
a reas  of gastric  m etap lasia  in  the  duodenal b u lb  b u t  n o t associated  
w ith  in testina l type epithelium . Also, th ese  b ac te ria  were found 
in  73% of sub jects w ith duodenal ulcer.

Since 1980 curved Campylobacter-like o rgan ism s were 
observed by W arren in  gastric an tra l b iopsies from  su b jec ts  w ith 
gastritis  and  peptic ulceration. This bacterium  sta in ed  poorly 
w ith  haem atoxylin  and  eosin b u t well w ith  the  W arth in -S tarry  
silver m ethod (1922). A prospective s tu d y  w as carried  o u t to 
cu ltu re  the  b acteria  u sing  Campylobacter m edia  an d  non-selective 
m edia. The first 34 an tra l m ucosal b iopsy specim ens cu ltu red  
for 48 h o u rs  failed to grow any  colonies. The 3 5 th  specim en w as 
incuba ted  during  the  extended E as te r holiday an d  th u s  exam ined 
only after 5 days. A heavy grow th of Campylobacter-like
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organism s w as found on the  non-selective m ed ia  (M arshall 1983, 
M arshall and  W arren 1984). This fo rtu itous e rro r of delay is 
rem in iscen t of Flem ing and  penicillin. The provisional nam e of 
Campylobacter-like o rganism s (CLO's) w as p roposed  because  of 
th e ir  m orphological sim ilarity  to o ther m em bers of th is  genus.

B ecause of the  frequency w ith  w hich  CLOs w ere found in  
th e  gastric  a n tru m  it w as nam ed as  C pyloridis. Later th e  nam e 
w as modified to C pylori w as given an d  su b seq u en tly  in  1989 th e  
nam e Helicobacter pylori w as proposed an d  accepted  (see 
subsec tion  2.2.3). It is universally  accepted  a s  a  pa thogen  and  
there  are  sufficient ind ications of a n  aetiological role in  the  
cau sa tio n  of non -au to im m une  (B-type) gastritis  (M arshall 1983, 
Goodwin, A rm strong and  M arshall 1986, R auw s, Langenberg, 
H outhoff et al 1988). There are  h in ts  of a  facilitatory  role in  a t 
lea s t som e sub jec ts  w ith  duodenal u lce r (M arshall, McGechie, 
Rogers e t al 1985, Coghlan, Gilligam, H um phries e t al 1987, Levi, 
B eardshall, H addad et al 1989) and  th is  role n eed s clarification.

2 .2 .2  CHARACTERISTICS OF THE ORGANISM

H  pylori is detected in the  gastric  type of ep ithelium  of 
h u m a n s  and  prim ates. It is a  sp ira l shaped  g ram  negative m otile 
bacillus and  m easu res  approxim ately  0 .8m m  in  w ith  an d  h a s  a n  
average length  of 3m m . It lives b e n ea th  the  m u co sa  of the  
gastric  a n tru m  well aw ay from the  acid -secreting  cells. H  pylori 
is sensitive to pH<5 and  is able to hydrolyse u re a  due  to a  
powerful u rease . The la tte r  property  h a s  been  u tilised  in 
diagnosis.
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2 .2 .3  MORPHOLOGY OF HELICOBACTER PYLORI

The first successfu l cu ltu re  of th is  b ac te riu m  (April 15th  
1982) w as reported in  The Lancet in  1983. The light 
m icroscopic fea tu res and  guan ine  an d  cytosine co n ten t of th e  
DNA of th is  organism  w as found to be sim ilar to th e  g en u s 
Campylobacter. However, doub t h a s  existed a b o u t th e  co rrect 
classification and  it rem ained controversial. The u ltra s tru c tu re  
fea tu res, fatty  acid com position an d  am ino acids sequence  of 
rRNA of the  new  bacterium  were found to be different from  those  
of th e  genus Campylobacter and  th e  am ino acid sequence  of 
rRNA closely resem bled Wolinella succinogenes. However, th e  
detailed u ltra s tru c tu re  analysis revealed p ronounced  differences 
betw een C pylori and  W  succinogenes an d  in  early  O ctober 1989 
th e  nam e Helicobacter pylori w as proposed and  accepted  
(Editorial: Lancet 1989)

2 .2 .4  MICROSCOPIC FEATURES AND ULTRASTRUCTURE

H  pylori exists in two form s: curved or sp ira l bacilli and  
coccoidal form s. The sp ira l one is the  young  an d  vegetative

form. Its size is 3-5fim in length  and  0 .5 - l |im  in  w idth . The 

organism  h a s  a  sm ooth coat and  2 -6  flagellae are  found a t  one 
end. In som e cells, especially th e  dividing form s, flagellae m ay  
be seen  a t bo th  ends. The flagella are  sh ea th ed  a n d  have b u lb o u s 
ends and  a n  in te rnal filam ent. E ach  flagellum  is 3 0 -35nm  in  
diam eter; the  term inal bu lb  is lOOnm in  d iam eter (Geis, Leying, 
S u erb au m  1989). The flagellum  h a s  a  cell-anchored  b a sa l p late.
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T here are  2 types of coccoid form s. The larger one h a s  
electron-loosened cytoplasm a w ith enlarged perip lasm ic space 
and  it is the  degenerative form  com m only found  in  old cu ltu res . 
The sm aller type h a s  e lectron-dense cytoplasm  a n d  in ta c t 
cytoplasm ic m em branes. T his type is stab le  a g a in st chem ical 
an d  physical in ju ries for ab o u t 4 w eeks an d  regrow s to a  sp ira l 
vegetative form  in  4-6 w eeks in  favourable conditions. T his form 
possibly  reflects a  transfo rm ation  in response  to unfavourab le  
conditions or n u tritio n  an d  su c h  form s occur in  faeces a n d  m ay 
be responsib le for a n  oro-faecal m ode of tran sm iss io n  betw een 
h u m a n  hosts , b u t  they  are difficult to cu ltu re .

H  pylori is often visible on rou tine  haem atoxylin  an d  
eosin sta ined  biopsies. The W arth in -S tarry  silver s ta in  (1922) 
show s H  pylori clearly (W arren 1983, M arshall 1983) b u t  th e  
d isadvantages are (a) th a t it is technically  dem and ing  an d  (b) m ay 
give false positives if the  s ta in  is n o t tak en  u p  uniform ly. O ther 
s ta in s  su c h  a s  G iem sa (Gray, W yatt and  R athbone 1986), cresyl 
violet (B urnett, Brown an d  Findlay 1987) a n d  acred ine  orange 
(Walters, B udin  and  Pauli 1986) are all su itab le , qu ick  an d  sim ple 
and  correlate well w ith W arth in -S tarry  techn ique.

These s ta in s  are n o t specific for H  p y lo ri  Im m u n o sta in s 
u sing  an ti-H  pylori an tibodies will allow positive identification  of 
H pylori, b u t  they  are no t yet available com m ercially.

2 .2 .5  GROWTH REQUIREMENT

The organism  is specially adap ted  for life in  th e  
environm ent overlying gastric  epithelial cells a n d  it m ay  be 
located th ro u g h o u t the  fu ndus, body and  a n tru m  lying u n d e rn e a th
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th e  m u cu s layer in close apposition to the  surface m u co u s cells. 
The bacterium  is never p resen t in regions of in te stin a l m etap lasia  
of the  stom ach. W hen found in o ther organs su ch  a s  oesophagus, 
duodenum  and  M eckel's diverticulum  and  it occurs only in  a reas  
of gastric  m etaplasia.

M ost b acteria  are  killed in an  acid env ironm ent of pH 
less th a n  4 .0  and  it grows over a  wide range of pH from  5.5  to  8 .5  
w ith  good growth betw een pH of 7 and  8. Addition of 5m m ol l ' 1 
of u re a  will p ro tect the  bac te ria  even a t pH of a s  low a s  1.5 
(M arshall, B arrett, P rakesh  e t al 1987). It is suggested  th a t  the  
production , by the  u rease  activity of H  pylori, of a  local 'cloud' of 
am m onia  reduces the  hydrogen ion concentra tion  in  th e  
im m ediate m icroenvironm ent and  th u s  enab les the  b ac te ria  to 
survive.

The presence of m ore th a n  1.5% bile inh ib its th e  grow th 
of the  organism  (Tompkins and  W est 1987). T his m ay  be the  
reason  H  pylori is seen  less often in  sub jec ts  w ith reflux  gastritis  
an d  following gastric  surgery  resu lting  in bile reflux, th a n  in  
o ther sub jects w ith chronic gastritis. However, only 25%  of 
s tra in s  are killed w hen H pylori is exposed to 5% bile in  liquid 
m edium  for 30 m in u tes  (unpublished  d a ta  - personal 
com m unication from C S Goodwin & J  A A rm strong, Perth).

H  pylori grows b est in  a  m icroaerobic env ironm ent a n d  a  
su itab le  atm osphere  is achieved, in  an  E rlenm eyer flask, by  a  gas 

m ixture of C>2 :CC>2 :N2 a t a  ratio  of 5 :10:85 (Morgan, F reedm an,

Depew et al 1987). A m oist a tm osphere, approxim ately  98%  
hum idity , is required for a  good grow th (Goodwin, Blincow,
W arren et al 1985). The organism  can  survive betw een 30-40°C  
and  m axim um  grow th is observed a t  37°C  (Goodwin, Collins an d  
Blincow 1986, Itoh, Yanagawa, Shingaki e t al 1987). H  pylori in

59



a  conventional m edium , su c h  as  Trypton soy b ro th  contain ing  
15% glycerol can  be sto red  a t  -70°C  an d  rem ain  viable for m ore 
th a n  a  year (Ribeiro and  G ray 1987).

A wide varie ty  of m edia  have been  u sed  for cu ltu re  an d  
sensitiv ity  testing . T hese u su a lly  incorporate  blood or serum , 
and  m ay be e ither solid or liquid m edia. The com m only u sed  
solid m edia  a re  blood agar (Jones, Lessells an d  Eldridge 1984) 
and  b ra in  h e a r t  in fusion  agar (Goodwin, Blincow, M arshall e t al
1985). W hen in cuba ted  a t 37°C , sm all (1mm diam eter) sh iny  
and  convex colonies are  seen  after 3 days w ith  w eakly 
haem olysed a reas  su rro u n d in g  them . The op tim um  selective 
m edia  is b ra in  h e a r t  infusion  agar w ith  7% ho rse  blood an d  1% 
Isovitalex w ith  an tib io tics (vancomycin 6m g /l, nalidixic acid 
20m g /l an d  am photeric in  2m g/l), w hich p reven t th e  grow th of 
co n tam in an t bacteria . Liquid m edia th a t  have been  described  
include b ra in  h e a r t  infusion  b ro th  w ith  10% h o rse  se ru m  an d  
0.25%  y east ex trac t (Goodwin, Blake an d  Blincow 1986), b rucella  
b ro th  w ith  1-10% fetalcalf se ru m  (Morgan, F reedm an, Depew et 
al 19887) an d  n u tr ie n t b ro th  w ith 0.25%  y east ex trac t an d  5% 
horse  se ru m  (Goodwin, A rm strong and  M arshall 1986).

Specim ens tak en  for isolation of H  pylori shou ld  be 
tran sp o rted  a s  quickly a s  possible in  app rop ria te  m edia  to 
p revent th e  drying o u t and  exposure to a tm ospheric  oxygen. 
Physiological sa line (Prakash, M arshall, B a rre tt e t al 1987) an d  
20%  glucose (Goodwin, Blincow, W arren e t al 1985) a re  the  
com m onest u sed  tra n sp o rt m edia. It h a s  been  reported  th a t  
gastric  b iopsies can  be sto red  in  these  m edia  for u p  to  5 h o u rs  a t 
4°C  w ithou t any  adverse effect on the  recovery of H  pylori 
(Goodwin, Blincow, W arren e t al 1985). O ther tra n sp o rt  m edia  
have been  suggested  including  B rucella  b ro th  (Taylor, H argreaves, 
Ng e t al 1987) w ith  25%  glycerol. The la tte r  m a in ta in s  the  
organism s viable for a t least six  m o n th s  if kep t a t  -70°C.
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2 .2 .6  BIOCHEMICAL ACTIVITY

B acterial enzym es have been  stud ied  for th e  p u rp o se  of 
taxonom y, identification and  to determ ine pathogenetic  
m echan ism s.

H  pylori exhibits cata lase  and  cytochrom e oxidase 
activity and  produces haem olysin, b u t  the  p roduction  of u rea se  is 
the  key factor and  exceeds the  h ighest activity of o th er b ac te ria  
(Mobley, Cortesia, R osenthal et al 1988). The average ra te  of 
hydrolysis of u re a  by cell lysates is 36 + /-  26  m m ol of 
a m m o n ia /m in /m g  of protein, w hich is m ore th a n  twice th a t  of 
Proteus mirabilis . The large am o u n t of u rea se  p roduced  h a s  
been  u sed  for rap id  detection in th e  endoscopy room  a n d  for 
ind irect non-invasive detection by b rea th  tes t. The u rea se  is 
antigenic and  it h a s  been  proposed as  an  an tigen  in  th e  
enzym e-linked im m unosorben t a ssay  te s t (Dent, McNulty, Uff e t 
al 1988).

The u rease  h a s  been  considered a s  a  pa thogenic  factor of 
H  pylori The am m onia, released from u re a  by  u rea se  activity, 
c reates a  buffered, favourable m icroenvironm ent in  th e  m id s t of 
th e  highly acidic su rro u n d in g  th u s  overcom ing the  first b a rrie r  
ag a in st m icrorganism s in  the  stom ach  (M arshall, B arre tt, P rakesh  
e t al 1988). It is also claim ed to be toxic to  cells an d  m ay 
in itiate  dam age to the  gastric  m ucosa  (Barer, Elliot, Berkeley e t al
1988). The presence of strong  ca ta lase  m ay  p reven t ingestion  of 
H pylori by polym orphs (Lior and  Jo h n s to n  1985).
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2 .2 .7  IMMUNOLOGY

The protein  profile of H  pylori differs considerab ly  from  
those  of o ther m icroganism s. Colonization induces b o th  
system ic and  local im m une responses. The serological 
responses correlate well w ith the  histological detection  and  
cu ltu re  of H  pylori

The system ic response  is accom panied by  a n  increase  in  
IgG and  IgA levels w ith little or no effect on IgM, w hich  is n o t 
su rp ris in g  in  view of the  chronicity  of th e  infection (Rathbone, 
W yatt, W orsley et al 1986). A gglutination, com plem ent fixation 
an d  ELISA te s t have all been  used  to identify the  bacteria . The 
ELISA m ethod is the  m ost sensitive an d  convenient te s t. The 
level of IgG does no t correlate w ith the  severity of m ucosal 
inflam m ation. Serology can  be u sed  a s  a  tool for epidem iological 
s tu d y  an d  for m onitoring the  response  to  trea tm en t.

Local hum oral response  leads to a n  increase  of p lasm a  
cells an d  secretion  of IgA a t the  site  of H  pylori infection.
R aised specific IgA levels have been  detected  in  the  gastric  ju ice  
of 30%  of sub jec ts  w ith H  pylori-associated gastritis . The 
functional significance of th is  response  is n o t know n.

2 .2 .8  PATHOLOGY

M any bac teria  possess, in  addition  to specialised  adaptive 
m echan ism s, factors which, w hen produced  u n d e r app ropria te  
c ircum stances in a  suscep tib le  host, re su lt in d isease.
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A lthough adherence factors are  n o t considered 
pathogenic, they  are im portan t in the  initial colonisation of the  
h o s t m ucosa  w hich is essen tia l for su b seq u e n t pa thogenesis.
H  pylori a re  found in  close association  w ith  gastric  m ucosal cells 
an d  a t  in trace llu lar ju n c tio n s  (Hazel, Lee, B rady e t al 1986), and  
th icken ing  of the  gastric  epithelial cell a t the  po in t of a tta c h m en t 
h a s  been  observed (G raham  1989b, Bode, M alfertheiner an d  
D itschuneit 1988), suggestive of specific b ind ing  of gastric  
epithelial cell surface w ith H  pylori adherence  factors.
T hom sen, Gavin and  T asm an-Jones (1990) show ed fine 
filam entous s tra n d s  extended betw een organism s an d  nearb y  
epithelial cells, w ith  few organism s in  m em brane-to -m em brane 
con tact. H  pylori were no t observed betw een, b en ea th  or w ith in  
cells of gastric  m ucosa.

H  pylori p roduces a  cytotoxin w hich is heat-lab ile  w ith  a  
m olecu lar w eight of >105. This cytotoxin cau ses  vacuolization 
and  cytopathic effects on m am m alian  cell lines (Leunk, Jo h n so n , 
David et al 1988). It is in teresting  to note th a t  there  is a  
sta tistica lly  significant difference in  cytotoxin p roduction  by  
H  pylori iso lates from sub jec ts  w ith  peptic u lcers an d  su b jec ts  
w ith  active chronic gastritis  (Figura, Guglielm etti, Rossolini e t al
1989).

The gastric  m ucin  p ro tease  produced  by H  pylori 
degrades gastric  m ucin  (Sarosiek, S lom iany an d  S lom iany 1988) 
w hich  is liquefied and  loses its s tru c tu re , th u s  no longer serving 
as  a n  effective barrier. The optim um  activity of th e  enzym e is a t 
pH 7 .0  an d  a t  37°C.

As m entioned above, the  p o ten t u rea se  of H  pylori h a s  
been  proposed as  a  pathogenic factor (Hazell, Lee, B rady e t al 
1986) w ith  the  am m onia th a t accu m u la tes  in the  protective 
gastric  m ucin  layer causing  ionic d isin tegration  (Thomsen, 
T asm an-Jones, M orris e t al 1989). However, som e investigators 
have con tended  th a t  am m onia is n o t toxic to th e  stom ach  lining 
(G raham  1989).
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Cave and  V argas (1989) d em onstra ted  th a t  whole or 
son icated  H  pylori inh ib it s tim u la ted  acid secre tion  from  rab b it 
p a rie ta l cells, u sing  the  u p tak e  of 14C- am inopyrine a s  a n  ind irect 
a ssa y  an d  found th a t  the  non-dialysable p ro te in  inh ib ito r w as a s  
effective a s  10-4 mol/1 cim etidine. This m ay be responsib le  for 
th e  hypochlorhydric s ta te  seen  du ring  acu te  H  pylori infection. 
Defize, Goldie and  H u n t (1988) show ed a  sim ilar effect on 
iso lated  guinea-pig parie ta l cells an d  th e  effect is only partia lly  
reversible.

2 .2 .9  HISTOLOGICAL EFFECT ON THE CELLULAR

ENVIRONMENT

There is a  strong  link betw een colonization an d  gastritis. 
The presence of H  pylori is associated  w ith a n  active chronic 
gastritis  (ACG) w hich is characterised  by th e  p resence  of 
in traep ithelial an d  in testitia l neu troph il polym orphs in  addition 
to lym phocytes an d  p lasm a cells. The n u m b er of H pylori 
declines steadily  from surface to foveolar neck; paradoxically, 
in filtration  w ith polym orphs is g rea tes t in  th e  p it- is th m u s region. 
W hen the  exact topographical re la tions are  considered  there  are 
obvious d iscrepancies betw een the  density  of H  pylori and  
polym orph infiltration. It m ay be th a t  the  im m atu re  foveolar 
ep ithelium  of the  is th m u s proliferative zone is m ore perm eable to 
leucocytic factors (such as com plem ent products) activated by 
H pylori h igher u p  the  gastric p its. The tall m ucin-filled cells 
a re  replaced in pa tchy  fashion by cuboidal cells, an d  the  
consistency  of the  m u cu s a lters. A fu rth er a sp ec t of note is the  
frequen t finding of reactive lym phoid follicles.
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2 .2 .10  IDENTIFICATION & DIAGNOSIS OF H PYLORI

A pproaches to the  diagnosis of H  pylori infection fall in to  
two groups. 1). Invasive, w here a  biopsy specim en is required , 
an d  is ob tained  by  endoscopy. The biopsy m ateria l is analysed  by 
a  variety  of m ethods, su c h  as an  u rease  test, histology an d  
microbiology. 2) Less invasive or non-invasive m ethods: these  
m ethods are usefu l in  epidemiological stud ies; they  a re  b ased  
u p o n  the  high endogenous u rease  activity of the  organism  and  
u p o n  serological m ethods th a t  identify the  p resence  of an tibodies 
ag a in st H  pylori antigens.

Biopsy of the  gastric  a n tru m  is the  s ta n d a rd  procedure  
for detecting H  pylori, defining the  d isease an d  identifying the  
organism . However, the  d istribu tion  of H pylori is focal and  
p a tchy  in  the  gastric  m ucosa, hence, m utip le  b iopsies are  
necessa ry  for the  detection. D isinfectants an d  chem ical agen ts 
u sed  during  endoscopy can  be bactericidal to H  pylori 
Benzocaine and  sim ethicone are inhib itory  to H  pylori b u t  
lidocaine is not. G luteraldehyde, con tam inated  w ith  b iopsy  
forceps, is also bactericidal to H  pylori

The u rease  activity of H  pylori w as first described  by 
Langenberg, Tytgat, Schnipper et al (1984) an d  is ab o u t 20  to 70 
tim es a s  g rea t a s  th a t  of p ro teus (Ferrero, Hazell an d  Lee 1988). 
T his property  h a s  been  utilised in  the  sim ple and  rap id  u rease  
te s t w hich is now  a  well recognised endoscopy room  tes t. The 
te s t de tects the  p resence of u rease  produced  by H  pylori in  the  
b iopsy specim en. The u rease  hydrolyses u rea , p roducing  
am m onium  ions; th is  ra ises the  pH, w hich can  be detected  by  a  
pH indicator. The ind icator m ost com m only u sed  is pheno l red, 
w hich changes colour from yellow a t pH of 6 .8  to p in k  a t  pH  of 
8.4.
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Two percen t C h risten sen 's  u re a  b ro th  w as th e  first b ro th  
u sed  for th is  te s t (McNaulty and  Wise 1985). Since th en , to 
increase  the  predictive value and  speed of the  b iopsy  u rea se  test, 
m any  cen tres have modified the  b ro th  by  excluding th e  n u tr ie n ts  
or th e  buffer, adding  bacteriosta tic  agen ts or increasing  th e  
concen tra tion  of u re a  etc (Hazel, Borody, Gal e t al 1987,
M arshall, W arren, F rancis et al 1987, Vaira, Holton, C airns et al 
1988a & 1988b an d  Arvind, Cook, T abaqchali e t al 1988).

The sensitivity  of different u rea se  te s ts  varies from  58% 
to 98%  in  th e  h a n d s  of different investigators (Morris, M cIntyre, 
Rose e t al 1986, Vaira, Holton, C airns e t al 1988b). The 
m in im um  concen tra tion  of organism s required  is 104 colony 
form ing u n it (CFU)/ml (Vaira, Holton, C airns et al 1988a). T h u s 
th e  m ain  lim itation of the  u rease  te s t lies in  th e  n u m b er of 
organism s p resen t in the  biopsy specim en. Less th a n  104 
C FU /m l m ay give a  positive cu ltu re  re su lt b u t  n o t a  positive u rease  
te s t (Glupcznski, T hibaum ont, Labbe e t al 1988). False positive 
re su lts  a re  a  po ten tial problem , b u t  the  investigators claim  th a t  if 
th e  te s ts  are  perform ed according to th e  in s tru c tio n s  the  
specificity is n ea r 100%.

Histological sta in ing  followed by  m icroscopic s tu d y  is the  
s ta n d a rd  m ethod for detection of H  pylori in  a  b iopsy  specim en 
(W arren 1983). There are m any  techn iques proposed. The first 
an d  m ost frequently  reported  is th e  W arth in  - S ta rry  silver sta in , 
b u t  th is  m ethod is tim e consum ing an d  difficult to perform .
Som e o ther w orkers (Jones, Lesselle an d  Eldridge e t al 1984, 
Taylor, H argreaves, Ng et al 1987, M adan, Kemp, W estblom  et al
1988) found s ta n d a rd  haem atoxylin  an d  eosin s ta in  to be a s  good 
a s  the  W arth in  - S ta rry  sta in . However, th ese  two tech n iq u es are  
less effective th a n  G iem sa (Gray, W yatt and  R athbone 1986) or 
acrid ine orange (Walters, B udin, Pauli 1986) sta in ing . The 
acrid ine orange fluorescent m ethod is rap id  an d  easy  to perform ,
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an d  G iem sa sta in ing  offers the  advantage of p reservation  of the  
m orphology. There are  o ther non-specific m ethods for the  
detection  of H  pylori w hich include sta in ing  w ith  carbol-fuchsin  
(Rocha, Queiroz, M endes e t al 1989), modified G ram  
technique(Trowell, Yoong, Saul e t al 1987), o r G iem enza m ethod 
(McMullen, W alker, Bais et al 1987) and  th e  u se  of 
p h a se -c o n tra s t m icroscopy (Pinkard, H arrison , C apstick  e t al
1986).

The above m ethods are n o t specific to H  pylori though  
all enhance  the  v isualization of th is  bacterium . Specific 
im m unofluorescen t m ethods, su c h  as  polyclonal a n tise ra  (Steer 
and  Newell 1985) and  m onoclonal an tibodies (E ngstrand ,
Pahlson, Schw an e t al 1986 and  1988) are  now  available.

B ru sh  cytology w ith rap id  sta in ing  by  G iem sa s ta in  h a s  
been  reported  to have a  good sensitiv ity  an d  h a s  a n  86%  success 
ra te  (Debongine, Legros, W autelet e t al 1987) in  identification of 
H  pylori; however o ther w orkers found th a t  th e  sensitiv ity  of th is  
te s t w as only 27% (Vaira, Holton, Falzon e t al 1988a). T h u s the  
te s t is probably  valuable only in the  h a n d s  of a  well tra ined  
pathologist.

The histological detection of H  pylori depends on  th e  
d is tribu tion  of the  organism  in th e  section  exam ined, a n d  also on 
th e  expertise of the  pathologist. It h a s  been  no ted  th a t  m ore 
th a n  3% of H  pylori positive specim ens a re  found n o t to have 
an tra l gastritis. Two an tra l biopsies are  sufficient to avoid 
sam pling  error an d  estab lish  H  pylori s ta tu s .

C u lturing  m ay also be a  less sensitive m ethod  b ecau se  of 
th e  m any  difficulties encoun tered  in  th e  p rocess. Potential 
sam pling  error, p rior u se  of an tib io tics or b ism u th  com pound by 
the  sub jects, u se  of an tisep tic  an d  /  or an tibac te ria l agen ts du ring
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th e  endoscopy, and  inappropria te  handling , tra n sp o rt and  
labora to ry  processing  of the  sam ple determ ine the  positive 
cu ltu re  ra te . D espite these  problem s, recovery ra te s  of m ore 
th a n  90%  have been  reported  by Jo n es , Lesselle an d  Eldridge et 
al (1984), Goodwin, Blincow, W arren e t al (1985) a n d  Schnell 
an d  S ch u b ert (1989).

H  pylori w as first isolated from  gastric  a n tra l m ucosa  
u sin g  a  non-selective cu ltu re  m edium  consisting  of b ra in -h e a rt 
in fusion  chocolate agar w ith  7% horse  blood (M arshall, Royce, 
A nnear e t al 1984). Since then , b lood-based m edia  (either 
selective or non-selective chocolate m edia  p repared  w ith  fresh  
blood) have rem ained the  choice of m ost investigators. Selective 
blood agar m edia inh ib it the  grow th of th e  con tam inating  flora 
from  the  m ou th  and  resp ira to ry  trac t. Skirrow 's m edium  
(Skirrow, 1977) w hich is supp lem ented  w ith  vancom ycin, 
trim ethoprim  and  polymyxin B is a  very su itab le  m edium  for 
isolation of H  pylori s tra in s  (Krajden, B ohnen, A nerson et al
1987). O ther selective m edia con ta in  vancom ycin 6m g /l, 
nalidixic acid 20m g/l, and  am photeric in  2 m g /l. The cu ltu re  
gives the  b e s t re su lt in  a  m icroaerobic env ironm ent achieved by  a  

gas m ixture of 02 :C 02:N 2  a t a  ratio  of 5 :10:85  in  a n  E rlenm eyer

flask. It is im portan t to m ain ta in  a  m oist a tm osphere  of 
approxim ately  98%  hum idity  an d  an  optim al tem p era tu re  of 
37°C . Incubation  of prim ary  cu ltu res  requ ires betw een 3 and  5 
days.

The accuracy  of the  u rease  tes t, m icrobiology an d  cu ltu re  
depends on H  pylori density. For histological an d  
microbiological s tud ies  a highly m otivated and  experienced 
patho log ist is required. The com bined re su lts  of u rea se  te s t an d  
histology are sim ilar to re su lts  obtained  by  cu ltu re . Only cu ltu re  
provides a  reliable definite diagnosis of H  pylori infection, w hen
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th e  b iopsy specim en is rapidly and  correctly  tran sp o rted  an d  
p rocessed  in  an  appropria te  m edium , an d  cu ltu re  therefore 
rem ains the  gold s tan d a rd  in  the  identification of H  py lo ri

D etection of gastric  infection in  th e  ca t by  th e  u re a  
b rea th  te s t  w as first reported by Korenberg, Davis an d  Wood 
(1954). They show ed th a t  the  u rease  w as bac teria l in  origin; and  
th a t  th is  hydrolysed the  adm inistered  14C-labelled u rea , a n d  

released  14C 0 2 w hich w as detectable in  th e  expired air.

C urren tly  there  are  two m ethods, nam ed  according to th e  
labelled carbon  incorporated in  the  u rea . G raham , Klein, E vans 
e t al (1987) devised the  te s t u sin g  13C -urea  while M arshall a n d  
Surveyor (1988) independently  developed th e  te s t  u sin g  
14C-urea.

13C -urea is a  stab le  and  n a tu ra lly  occurring  
non-radioactive substance , b u t  a  m ass spectrom eter is requ ired  
to m easu re  13C in  the  expired air, and  13C 0 2 also flu c tu a te s  in  

response  to d ietary  consum ption  of 13C -enriched food, su c h  a s  
com  or cane sugar. 14C is a  radioactive su b s ta n c e , an d  th e  
required  am o u n t for the  te s t is 0.4M bq (lOmCi) (Bell, Weil, 
H arrison  e t al 1987, M arshall and  Surveyor 1988); th is  is 
one-ten th  of the  rad ia tion  dose to a  su b jec t undergoing  a  single 
p lain  abdom inal X-ray. However, sa tisfac to ry  re su lts  c an  be 
obtained  w ith 0.1 IMBq (3mCi) of 14C. The advantage of u s in g  
14C is th a t  it only requires a  sim ple scin tilla tion  b e ta  co u n te r 
w hich costs less th a n  one-ten th  of the  cost of a  m ass  
spectrom eter. B oth te s ts  are reasonab ly  sensitive and  
reproducible.

A know n am oun t of carbon-labelled  u re a  is given orally, 
after a n  overnight fast, and  b rea th  sam ples are  collected every 10 
m in u tes  for a t least 2 hours. If H pylori is p re sen t in  th e  
stom ach , it sp lits the  u rea  and  the  labelled carbon  will a p p ea r  as 
carbon  dioxide in the  expired air.
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In addition  to being non-invasive, the  u re a  b re a th  te s t h a s  
o ther po ten tial advantages w hen  com pared w ith  endoscopic 
exam ination  and  biopsy. H  pylori infection is p a tchy  an d  its 
successfu l detection requ ires m ultip le biopsies, w hich m u s t also 
be tran sp o rted  rap id ly  in a  p roper m edium . A dedicated  an d  
experienced pathologist is necessary  for identification of the  
o rganism  in  histology specim ens. The u re a  b re a th  te s t 
effectively in teg rates the  response  of th e  en tire  gastric  m ucosa, 
an d  hence even a  low level of infection can  be detected .

By 1984, association  betw een g astritis  an d  the  presence 
of se ru m  H  pylori an tibodies h ad  been  estab lished  (Eldridge, 
Lessells and  Jo n e s  1984). In 1985, Kaldor, Tee, M cC arthy e t al 
show ed a  significant association  betw een the  p resence  of H  pylori 
an tibodies and  peptic u lceration . W hole b ac teria  o r partia lly  
purified an tigen  frequently  gave false-positive an d  false-negative 
re su lts  (Newell, Jo h n s to n , Ali e t al 1988; G narpe 1988). T his is 
because  the  p repara tions contained  an tigens th a t  c ross-reacted  
w ith  an tibodies directed against o ther b ac te ria  (C je jun i, C fe tu s ,
E  colO. Good resu lts  have recently  been  reported  for a n  
enzym e-linked im m unosorben t b ased  on th e  u rea se  p roduced  by 
H  pylori and  it w as correlated closely w ith  the  p resence  of active 
chronic gastritis  (Dent, McNulty, Uff e t al 1988). However, a t 
p re sen t no single an tigen  h a s  been  detected  w hich consisten tly  
reac ts  w ith  all positive se ra  investigated. T his su p p o rts  the  
con ten tion  th a t  the  variation  of an tibody  specificity is 
host-m ediated  ra th e r  th a n  a  reflection of antigenic differences 
betw een the  infective agents. The m o st com m only u sed  an tigen  
is a n  acid-extractab le m ateria l e lu ted  from  th e  su rface  of whole 
organism s in  0 .2  M glycine buffer (pH 2.2).

Serum  an ti-H  pylori an tibody  can  be detected  by  a  
com plem ent fixation test, haem agglu tination , bacteria l 
agglutination, im m unofluorescence a n d  enzym e linked
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im m unosorben t a ssay  (ELISA) (Jones, Lessells an d  Eldridge 
1984; M arshall, McGechie, F rancis et al 1984; Kaldor, Tee, 
M cC arthy e t al 1985; Newell and  R athbone 1989). ELISA is 
cu rren tly  the  technique of choice in m o st laboratories, because  
of its  speed, low cost, sim plicity an d  reproducibility .

The m ajority  of people w ith  H  pylori co lonisation exhibit 
a  specific an tibody response. The IgG response  rem ain  c o n stan t 
th ro u g h o u t the  course of the  infection (Langenberg, R auw s, 
Houthoff, e t al 1988, Perez-Perez, Dworkin, 1988) and  is p resen t 
even in  the  absence of raised  IgA. The IgG level declines after 
e rad ication  of H  pylori, b u t  the  fall is u su a lly  slow an d  it m ay  take  
u p  to 6  m on ths to a tta in  the  norm al level (Von W ulffen an d  Grote 
1988, E vans J r ,  G raham , Lew 1991). Re-infection is 
accom panied by a  rap id  rise in titre  (Langenberg, Rauw s,
H outhoff e t al 1988).

Serodiagnosis can  be u sed  effectively for epidemiological 
s tu d y  and  to a sse ss  the  effectiveness of th e  trea tm e n t an d  the  
possibility  of re-infection.

M any techn iques have been  developed to identify 
H  pylori infection; however none show s 100% specificity and  
sensitivity. U nfortunately, the  specificity an d  sensitiv ity  of each  
te s t varies betw een investigators: th u s  it is e ssen tia l to perform  
two or m ore te s ts  to confirm  the d iagnosis of H  pylori infection.

2.2.11 TRANSMISSION

No n a tu ra l an im al h o st h a s  yet b een  found  for H  pylori 
L aboratory experim ents have show n th a t  th is  o rganism  will
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colonise only in  the  stom ach  of th e  germ -free piglet. T hus, one 
w ould postu la te  person-to -person  sp read  a s  th e  m ost likely 
m ean s of tran sm iss io n  of H  pylori The vo lu teer s tu d ies  
(M arshall, Arm strong, McGechie et al 1985, M orris and  
Nicholson 1987) and  the  reported  epidem ic o u tb reak  of 
hypochlorhydria  (Ramsay, Carey, Peterson  e t al 1979, Gledhill. 
Leicester, Addis e t al 1984) show  th a t  infection can  be 
tran sm itted  from person-to-person.

Infectious d iseases w hich are  sp read  from person  to person  
by  close con tact are  com m only found to have a  h igher incidence 
in  in stitu tio n s for the  m entally  hand icapped . Berkowicz an d  Lee 
(1987) stud ied  the  se ra  of sub jec ts  in  an  A ustra lian  in s titu tio n  by 
th e  ELISA m ethod and  the  re su lts  show ed th a t  th e re  w as a  
g rea ter prevalence of H  pylori am ong these  su b jec ts  com pared 
w ith  blood donors. Fam ily stu d ies  have show n a  h igh  incidence 
of active H  pylori infection in  consangu ineous co n tac ts  of 
ch ild ren  infected w ith H  pylori (Mitchell, B ohane, Berkovicz et 
al 1987). The prevalence of H pylori in  low socio-econom ic 
coun tries is found to be very high an d  sub jec ts  in  those  coun tries 
becom e infected w ith H  pylori earlier in  life th a n  those  living in 
the  developed countries. While faecal-to-oral sp read  h a s  been  
suggested, it is unlikely as H  pylori h a s  never been  iso lated  from 
the  stools of sub jects w ith  gastritis. Rawles, H arris, Pau l e t al 
(1987) found a  h igher frequency of an tibody  to H  pylori in  
endoscopy staff w hen com pared w ith  blood donors and  Mitchell, 
Lee and  C arrick (1989) found th a t  endoscopists have a  
significantly h igher incidence of H  pylori infection com pared  to 
general p rac titioners and  blood donors. T his suggests  th e  m ost 
likely rou te  is via stom ach  secretion, possibly  by  regurg itation  an d  
th en  w ith spu tum . These re su lts  a re  co n sis ten t w ith  th e  
hypothesis of person-to -person  sp read  of H  pylori
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2 .2 .12  CLINICAL and EPIDEMIOLOGY EVIDENCE

The epidemiological s tu d ies  show  th a t  th e  incidence of 
H  pylori infection is g reater in the  developing coun tries, th a t  
prevalence increase  w ith age and  th a t  th e re  is no  gender 
predilection. There is no significant assoc ia tion  betw een 
H  pylori and  ABO blood group and  secre to r s ta tu s . The 
prevalence stud ies are  m ostly concen tra ted  on sub jec ts  w ith  
dyspepsia. Morris, M aher, T hom sen e t al (1988) s tud ied  th e  
prevalence of H  pylori in  the  gastric  m ateria l ob tained  from  
post-m ortem  and  they  found th a t the  infection w as p re sen t in  
60%  of Polynesians and  20% of C aucasians . A prevalence s tu d y  
u sing  the  isotopically labelled u rea  b re a th  te s t  show ed th a t  th e  
M exican na tionals  have a  sim ilar ra te  of infection to US n a tio n a ls  
(33%), while Indian  na tionals show ed a  h igher ra te  (46%) 
(Graham , Klien, O pekun et al 1988). Serology h a s  proved a  
valuable tool for m easu ring  the  prevalence ra te . More often  th a n  
n o t th e  surveys have been  done on blood donors. T hese s tu d ies  
show ed th a t  there  w as a  g rad ien t in  seroprevalence w hich  w as 
age-related. Dwyer, Sun, Kaldor e t al (1988) found th a t  H  
pylori in  Aborigines from n o rth ern  A ustra lia  is ra re  (<1%), b u t  
th e  ra te  w as 50% am ong the  Aborigines from  so u th e rn  A ustra lia . 
It is also noted th a t  th a t  there  w as a  d is tin c t differences in  
antibody ra te s  betw een people of d ifferent races or c u ltu res  living 
in  the  sam e a rea  (Nafeeza, Shahim , K udva et al 1989).

The h u m an  ingestion, trea tm en t, and  epidem iological 
s tu d ies  are suggestive of a  very strong  assoc iation  betw een 
H  pylori, gastritis, peptic u lceration , an d  even gastric  cancer. 
However, H  pylori w as isolated from 10-20%  of the  
asym ptom atic sub jec ts  in whom  no endoscopic abnorm alities
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were no ted  an d  no h istopathological abnorm alities no ted  in  the  
a n tra l biopsies (Buck, Gourley, Lee et al 1986; J ian g , Z hang, Shi 
et al 1987, Raskov, Lanng, G aarslev et al 1987).

The frequency of H  pylori in  chronic type B g astritis  is 
approxim ately  70% and  it is a s  high as 100% in  active chronic  
g astritis  (Goodwin, A rm strong and  M arshall 1986; A ndersen , 
Hoick, Povlsen et al 1987). R esu lts from different cen tres  a re  
n o t strictly  com parable b ecau se  the  m ethods of detection  of H  
pylori differ and  the  criteria  for histological d iagnosis a lso  vary. 
However, the  overall prevalence d a ta  po in t to a  very close link  
betw een H  pylori and  the  predom inan tly  a n tra l form  of active 
chronic gastritis.

M any sub jects w ith  duodenal u lce r have active chronic  
g astritis  w hich involves th e  a n tra l m ucosa  a n d  th e  g astritis  is 
closely associated  w ith H  pylori infection of the  a n tru m . M any 
stu d ies  show  a  strong  (70% - 100%) assoc iation  betw een 
duodenal u lcer and  H  pylori -associated  g astritis  (M arshall, 
McGechie, Rogers et al 1985; Booth, H oldstock, M acBride e t al
1986. Jiang , Liu, Z hang e t al 1987. Raskov, Lanng, G aarslve e t al
1987, Rauw s, Langenberg, H outhoff et al 1988 an d  Goodwin, 
M arshall, Blincow et al 1988). Arborigines in  N orthern  A ustra lia  
do n o t develop DU and  the  incidence of H  pylori w as low est 
w hen com pared to any  g roups stud ied  so far. A Few s tu d ies  have 
show n th a t  H  pylori is found in  the  duodenum  of su b jec ts  w ith  
duodenal u lcer and  duoden itis (Steer 1984, W yatt, R athbone, 
Dixon et al 1987 and  Caselli, Bovolenta, Aleotti e t a l 1988). The 
reported  frequency of the  finding is betw een 29%  a n d  100%.

However, there  is no c lear-cu t d irec t cau sa l re la tionsh ip  
betw een H  pylori and  duodenal ulcer. Only a  m inor fraction  of 
people harbouring  H  pylori will apparen tly  develop DU a n d  DU is 
no t invariably associated  w ith  H  pylori colonisation. 
Approxim ately 10% to 30% of DU are n o t a ssoc ia ted  w ith 
H pylori
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The presence of gastric  ep ithelium  in  the  duodenum  is 
essen tia l for H  pylori to colonise in  the  duodenum . T his can  
p re sen t in  2 forms; (a) gastric  hetero top ia , charac te rised  by  fully 
developed fundic m ucosa, is ra re  and  (b) gastric  m etap lasia  w hich 
is m ore com m on and  extensive in  DU sub jec ts . The presence  of 
gastric  m etap lasia  is seen  only in  sub jec ts  w ith  low pH  an d  
correlates well w ith  m axim al acid o u tp u t. T hus, th e  hypo thesis 
is th a t  a n  increased  acid load in to  the  duodenum  leads to gastric  
m etap lasia  (Jam es 1964) w hich in  tu rn  is colonised by  H  pylori; 
th is  p roduces duodenitis and  u ltim ately  DU (Wyatt, R athbone, 
Dixon e t al 1988; Goodwin 1988 and  W yatt, R athbone, Dixon e t al
1989).

There is an o th e r hypothesis p u t  forw ard by  Levi, 
B eardshall, H addad et al (1989) to link  H  pylori an d  DU. It is 
often know n as ’gastrin  link' theory. U rease produced  by  H  
pylori sp lits  the  u re a  in  the  gastric  ju ice  in to  am m onia  w hich 
n eu tra lise s  the  acid in con tact w ith  the  m ucosa  overlying the  
G-cells an d  parie ta l cells. This im pairs the  norm al inhib ition  of 
g astrin  release by in tra lum inal acid leading to a n  inappropria te  
secretion  of gastrin  in  response  to food; th is  increases acid 
o u tp u t an d  the  raised  acid level leads to th e  pathogenesis of the  
ulcer.

In Brazil the  inciden t of H  pylori am ong th e  dyspepsia  
sub jec ts  is nearly  100% b u t the  incidence of DU is n o t very high 
w hen  com pared w ith W estern countries. Ind ians of Fiji ap p ear 
to have ra te s  of DU a t least twice th a t  seen  in  e thn ic  F ijians 
(Parshu  1975) b u t  Beg, Oldmeadow, M orris e t al (1988) found 
th a t  H  pylori is p re sen t w ith equal frequency in  b o th  races.
The prevalence of H  pylori in  T ibetan  m onks is approxim ately  
52%  b u t  the  incidence of DU is one of the  h ig h est in  the  world. 
Moreover, in M alaysia the  incidence of H  pylori is g rea ter (75%) 
in  the  Ind ians com pared to (45% in  the) C hinese (Nafeeza,
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Shahim i, Kudva e t al 1989) b u t  DU is com m on in  C hinese an d  
less com m on in  Ind ians (Ti 1983). T hese findings c a s t  d o u b ts  
ab o u t th e  role played by  H  pylori in  th e  pa thogenesis  of DU.

The s trongest evidence th a t  H  pylori is causa lly  re la ted  
to DU is m ainly derived from th erap eu tic  erad ica tion  tria ls .
W hen H  pylori infection w as erad icated , follow-up for 1-2 y ears  
show ed no DU relapse, b u t  a  high re lapse  ra te  w as observed w hen  
th e  infection w as no t eradicated  (Coghlan, Gilligan, H um phries  et 
al 1987, M arshall, Goodwin, W arren e t al 1988, R auw s, 
L angem ber, H outhoff e t al 1988). It is tem pting  to sp ecu la te  
th a t  because  cure of the  u lcer is assoc ia ted  w ith  rem oval of the  
organism , th en  the  original u lcer m ay well have been  due  to  th e  
presence  of the  organism , b u t proof of th is  cau sa l role is 
p resen tly  lacking.

There have been  som e repo rts  of association  of H  pylori 
w ith  gastric  carcinom a ( M arshall, M cGechie, Rogers e t al 1985). 
However, H  pylori does no t colonise on  cancer cells a n d  H  pylori 
a re  found to colonise in the  rem ain ing  foveolar ep ithelium  of the  
stom ach . No good evidence to su p p o rt H  pylori a s  a  causa tive  
factor is yet available.

2 .2 .13  EFFECTS OF DRUGS ON HELICOBACTER PYLORI

M any antim icrobial agen ts are  effective in vitro b u t  th e ir  
activity w as reduced in vivo. This is d u e  to the  lack  of stab ility  
and  activity a t low pH (McNulty and  D ent 1988), decreased  tis su e  
penetra tion  (Allen 1981) and  the  p resence  or absence  of food 
an d  /  or o ther drugs.
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B ism u th  sa lts  are found to be bacteric idal to H  pylori a n d  
also som e reports indicate th a t  om eprazole e rad ica tes H  pylori 
in  th e  gastric  a n tru m  (Tessaro, Mario, Rugge e t a l l 990) b u t  o th er 
repo rts  con trad ic t th is  finding (M ainguet, Delmee an d  D ebongnie 
1989, Term ini, Scialaba, P isciotta e t al 1990). M etronidazole is 
unaffected by  pH and  is bactericidal b u t  acquired  res is tan ce  h a d  
been  reported. C om bination w ith b ism u th  sa lts  reduces the  
developm ent of resistance. Amoxycillin is less ionised a t  low pH 
and  re ta in s  good activity a t acidic pH, a lth o u g h  the  concen tra tion  
in  gastric  m u cu s th a t can  be achieved w ith  th is  agen t is m u ch  
lower th a n  w ith  m any  antibiotics,. T etracycline is a n o th e r 
antib iotic w hich is active in vitro a s  well a s  in vivo.

The aim  of the  trea tm en t is to achieve erad ication , ra th e r  
th a n  clearance, of the  bacteria. C learance m ean s failure to 
identify the  b acteria  a t the  end of the  tre a tm e n t an d  erad ica tion  
m eans failure to identify the  bac teria  for a t  lea s t 4  w eeks after th e  
cessation  of the  trea tm en t.

B ism uth  m onotherapy achieved a  c learance of 45-100%  
b u t  the  long term  eradication w as only 10-30%  (Coghlan,
Gilligan, H um phries et al 1987, L am bert 1988, an d  B orsch, Mai 
an d  M uller1988). M onotherapy w ith am oxycillin gives good 
clearance and  eradication ra te s  (G lupczynski, B ure tte , Labbe e t al
1988), b u t  there  is always a  possibility of acquired  res is tan ce  
tak ing  place. T his is tru e  also w ith m etronidazole (Hirschl, 
H entschel, Schutze e t al 1988, G lupczynski, B ure tte , DeKoster e t 
al 1990). C om binations of b ism u th  sa lts  w ith  various an tib io tics 
have been  tried (Marshall, Goodwin, W arren  e t al 1988, Rauw s, 
Langenber, Houthoff e t al 1988) in a n  a tte m p t to im prove the  
ra te  of long term  eradication. Even trip le  th e rap y  h a s  been  u sed  
(Borody, Cole, Noonan et al 1988, B orsch , Mai an d  O pferkuch 
1988 ) for the  sam e purpose. C urrently , a  highly effective d rug
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com bination is b ism u th  sa lt, amoxycillin (or tetracycline) an d  
m etronidazole; th is gives a n  erad ication  ra te  of 80-95%  a n d  w as 
recom m ended a t  the 4 ^  W orld C ongresses of G astroenterology 
in  Sydney, 1990.

2.3.1 ENDOSCOPY

The m odern endoscopy u n it com prises p a tien ts  and  
relatives reception and  w aiting areas; a  n u rs in g  a n d  consu lta tion  
office; a n  in s tru m en t cleaning room; a  storage room  or room s and  
a n  endoscopy procedure room. It is im p o rtan t th a t  the  
procedure  room  should  have easy  access to th e  in s tru m e n t 
storage room. The recovery bay  is s itu a ted  n e a r  th e  n u rs in g  
s ta tio n  w ith  facilities for a  relative to be w ith  th e  sub ject.

The endoscopy procedure  room  u su a lly  h a s  a  large floor 
a rea  w ith sm ooth  and w ashab le  flooring. The room  is equipped 
w ith  an  a larm  call system  and  resu sc ita tio n  equ ipm en t includ ing  
ECG m onitor, defibrillator, in tu b a tio n  facilities and  em ergency 
drugs.

2.3.1.1 INTRODUCTION

Endoscopy is derived from G reek w ords endo = "within" 
an d  skopeo = "to view". Several a ttem p ts  have b een  m ade over
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th e  la s t 200  years to achieve prac tical endoscopes, b u t  the  
enabling  technology h a s  really only been  available in  th e  la s t 40  
years.

A leaflet from KeyMed rep roduces a  1 6 ^  cen tu ry  p ic tu re  
show ing the  u se  of a  proctoscope an d  th is  m ay have been  possib ly  
th e  first endoscope ever to be used . B u t it ap p ea rs  th a t  Phillip 
Bozzini, in  1806, w as the  first person  w ho a ttem p ted  to v isualise  
th e  u rin a ry  tra c t w ith  a  tin  tube  and  candle. Adolf K ussm al 
(1868) u sed  a  rigid m etal tu b e  to exam ine the  u p p e r 
gastro in tes tin a l trac t, after w atching  a  sw ord-sw allow er in  action . 
In M unich, in  1932, Rudolf S chindler u sed  a  sem i-flexible 
gastroscope, m ade for him  by George Wolf. P reoccupation  w ith  
th e ir gastric  cancer problem  led the  Ja p a n e se  to develop the  
b lind gastric  cam era  in  the  1950s.

In 1949, H opkins proposed an d  devised a n  optical u n it  
to convey im ages along the  flexible axis. B aird h a d  proposed 
m u ch  the  sam e idea in  1927, though  he failed to devise a  p roper 
w orking system . The essen tia l m echan ism  is th a t  th e  u n it 
consists  of b u n d les  of fine g lass fibres th a t  tra n sm it th e  im age by  
con tin u o u s in te rn a l reflexion. The first flexible fibreoptic 
endoscope w as u sed  by  H irschowitz in  1957 in  a  p a tien t a t th e  
U niversity of M ichigan H ospital (Salm on 1975).

2 .3 .1 .2  FIBREOPTIC UPPER GASTROINTESTINAL 

INSTRUMENT

There are  th ree  basic  types of gastroscopes: rigid, 
semiflexible and  flexible. The rigid gastroscope w as a  relatively
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dangerous in s tru m e n t an d  caused  a  lot of fatal in ju ries an d  it  is of 
m edical h istorical in te res t only. High technology p rogress h a s  
also m ade the  semiflexible upper gastro in tes tina l endoscope 
obsolete.

The g rea test advance in th e  field of endoscopy w as the  
ability  to d irect light a ro u n d  com ers an d  th u s  to m an ip u la te  the  
in s tru m e n t u n d e r d irect vision; the  b irth  of th e  fibreoptic 
endoscope. D uring the  p a s t decade considerable advances have 
been  m ade in  the  field of gastro in testina l endoscopy. Newer an d  
narrow er bodied endoscopes are available for th e  m ore 
com prehensive exam ination  of the  u p p e r gastro in tes tin a l trac t. 
G astro in testina l endoscopy is now considered a s  a  basic  
d iagnostic technique and  it h a s  v irtually  rep laced  radiology a s  the  
p rim ary  approach  to s tru c tu ra l d isorders of the  gut. E ndoscopes 
them selves have been  developed and  m odified to increase  th e ir 
d iagnostic and  therapeu tic  po ten tials and  so have large, 
som etim es m ultiple channe ls and  elevating bridges to a ss is t in  
the  placing of biopsy forceps and  o ther tools.

The m odern  gastro in testina l fibrescope basically  consists  
of a  head  w ith eyepiece and  controls, an d  a  flexible sh a ft w hich 
h a s  a  m anoeuvrable tip. The head  is connected  to a  light source 
via a  connecting 'um bilical' cord, th ro u g h  w hich  p a ss  o th er tu b es  
tran sm ittin g  a ir and  suction . There is a  sep ara te  channe l for the  
p assage  of accessories including flexible b iopsy forceps. The 
m odem  endoscope is narrow , w ith a  w orking leng th  of 1,025m m  
(total length  : 1,345mm) and  d iam eter of 9 .8m m  an d  w ith  a n  
in s tru m e n t channel 2 .8m m  wide. It h a s  versatile  flexibility an d  
can  be easily m anoeuvred.
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2 .3 .1 .3  BIOPSY FORCEPS

The ability to take  a  sa tisfac to ry  specim en is a  c ruc ia l 
p a r t  of th e  fibreoptic endoscopy. Wood e t al (KeyMed 1983) 
developed gastric  suction  biopsy in  A ustra lia  in  1949 a n d  it 
revolu tionised  the  idea of gastric  m ucosal m orphology. B enedict 
b u ilt a  delicate biopsy forcep to be u sed  u n d e r  d irect vision 
(KeyMed 1983).

The m odem  biopsy forceps co n sis t of a  p a ir of sh a rp en e d  
cups, is controlled by a  flexible cable an d  can  be easily  in troduced  
th ro u g h  th e  channel in the  gastroscope. The b iopsy  forceps tip  
is visible a s  soon as  it h a s  p assed  3m m  beyond the  d ista l end  of 
th e  gastroscope.
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CHAPTER 3 

METHODS
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3  METHODS

3.1 ENDOSCOPY

W hen the  clinical indication for endoscopy w as 
estab lished  the  procedure  w as fully explained to the  sub jects. 
Every detail w as explained in  laym an 's te rm s an d  a  w ritten  
explanation  w as also given or sen t to the  sub ject.

It is the  responsib ility  of the  endoscop ist to p ro tec t the  
sub jec ts  and  the  ancillary  sta ff from cross infection w ith  
m icro-organism s. In the  p a s t sufficient a tten tio n  h a s  n o t been  
paid  to infection and  sub jec ts  as well a s  sta ff have suffered from 
infection tran sm itted  by endoscopes and  accessories. In the  UK 
these  problem s are now actively add ressed  a n d  advice is given by  
th e  Endoscopy Com m itte of the  B ritish  Society of 
G astroenterology (BSG).

The exam ination w as carried o u t by  u sin g  a n  O lym pus 
GIF-XQ 20 fibreoptic gastroduodenoscope. The ch an n e ls  of 
the  in stru m en t, a ir insufflation, suction  a n d  biopsy  w ere checked 
a t  the  beginning of the  exam ination. The b iopsy  forceps an d  th e  
suction  pum p were also checked for any  defect.
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3.1.1 SUBTECT SELECTION

P atien ts who w ere referred to th e  G astro in testina l 
E ndoscopy D epartm en t a t The M iddlesex H ospital for u p p e r 
gastro in tes tina l endoscopy as  p a r t  of the  investigation  for 
com plain t of dyspepsia  were approached . P a tien ts  w ho w ere on 
stero ids, non-stero idal an ti-in flam m atory  d rugs, an tib io tics or 
colloidal b ism u th  su b c itra te  w ith in  th e  la s t th ree  m o n th s  were 
excluded.

3 .1 .2  PATIENT PREPRATION

P atien t education , som e sedation  an d  a  good techn ique  of 
p assin g  the  in s tru m e n t are  essen tia l to perform  a  sa tisfac to ry  
endoscopic exam ination.

A lthough w ith  the  m odern  flexible fibrescope 
com plications are  rare , sub jec ts  w ith any  con tra ind ica tions su c h  
a s  card iac or resp ira to ry  em b arrassm en t w ere excluded. Any 
po ten tial hazard  to the  u n it sta ff and  to su b se q u e n t su b jec ts  from 
infectious sub jects w as looked in to  and  each  case  w as individually  
assessed .

The u p p er gastro in tes tina l endoscopy w as perform ed in  
th e  m orning, as it w as m ore convenient for th e  su b jec t to fa s t 
overnight. The su b jec t w as in s tru c ted  n o t to e a t or d rin k  for a t  
lea st 6 h o u rs  before endoscopy. P a tien ts  w ith  su sp ec ted  
oesophageal or gastric  ou tle t obstruc tion  w ere advised n o t to ea t 
any  solid food for 24 h o u rs  an d  only to tak e  liquids.
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The sub jec t w as advised to arrange  a  relative or friend to 
accom pany  him  or h e r hom e after the  tes t. W hen th e  sub jec ts  
arrived a t  th e  departm ent, the  n u rs in g  sta ff received them  an d  
registered  them  in  the  en try  book. P a tien ts w ere given a  
sym pathetic  app roach  and  the  p rocedure  w as explained again  
a n d  a  rea ssu rin g  friendly a tm osphere  created  in  o rder to gain  the  
confidence of the  subject. The form al w ritten  co n sen t w as 
ob tained  and  countersigned  by the  endoscopist.

The sub jec t w as requested  to take  off th e  top h a lf of h is 
or h e r  clothes and  p u t on a  gown. D en tu res an d  spectacles were 
rem oved and  stored  safely. The sub jec t w as allowed to lie on  the  
trolley and  re s t in  the  reception a rea  u n til h is  o r h e r  tu rn  cam e.

3 .1 .3  INTRAVENOUS ACCESS

The sub jec t w as wheeled into th e  endoscopy room  an d  a  
22G  B utterfly  needle w as inserted  into a  vein, u su a lly  on  the  
do rsum  of the  hand . This access w as u sed  to give th e  sedation .

3 .1 .4  POSITIONING THE PATIENT

The positioning of the  sub jec t varied  according to  the  
exam iners b u t  m ost endoscopists h ad  th e  sub jec t in  the  left 
la tera l position w ith the  back  suppo rted  by  a  pillow ag a in st the  
trolley side. The head  lay on a  single pillow, w hich w as covered 
w ith  a  d isposable towel, and  a  n u rse  w as s tan d in g  a t  the  p a tien t's
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h ead  to en su re  an  adequate  airw ay and  access for th e  u se  of 
suc tion  w hen necessary . The n u rse  also helped  to keep the  
m o u th  g uard  in position and  to hold or move th e  endoscope 
w hen  in stru c ted . The n u rse  en su red  th a t  th e  su b jec t res ted  h is 
h ead  on th e  pillow properly and  held  h is  h a n d s  to  p reven t the  
su b jec t in terfering du ring  process of in tu b a tio n .

3 .1 .5  SEDATION

Opinion and  practice concerning  sedation  an d  analgesia  
vary  widely. The u se  of pharyngeal a n ae s th es ia  is also 
controversial.

In th is  s tu d y  peth id ine 50m g (Roche) w as given 
in travenously  and  followed by lOmg of em ulsion  diazepam  
(Diazem uls - Dumex) via the  bu tterfly  needle. B oth  peth id ine and  
D iazem uls can  cause  resp ira to ry  depression , particu la rly  in  th e  
elderly, and  every p recau tion  w as tak en  to p reven t th is  
potentially  fatal event. Som etim es, lignocaine aerosol (Xylocaine 
- Astra) w as sprayed into the  th ro a t if the  su b jec t h ad  a  m arked  
gag reflex.

3 .1 .6  EXAMINATION

The exam iner stood on the  left side of th e  sub ject, facing 
the  sub jec t and  holding the  head  and  tip  of th e  endoscope close
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to  each  other. The m outhguard  w as placed  in  position  a n d  the  
n u rse  held  th e  p a tien t's  head flexed slightly forw ard. The tip  of 
th e  endoscope w as passed  th rough  the  m o u th g u ard  a n d  over th e  
b ack  of the  tongue into the  pharynx. The tip  w as advanced  over 
th e  b ack  of th e  tongue and  larynx u n d e r d irec t vision, 
m ain ta in ing  a  correct central axis. The su b jec t w as a sk ed  to 
swallow a s  th e  tip w as passed  th ro u g h  th e  sph inc te r. A c o n s ta n t 
conversation  of reassu ran ce  and  encouragem ent helped  to 
achieve a n  easy  passage  of the tip  th ro u g h  th e  c ricophaiyngeus 
sph inc te r. D uring  th is  procedure any  secre tion  accu m u la ted  in  
th e  m o u th  w as sucked  ou t by an o th e r n u rse .

A system atic  routine exam ination  w as adop ted  to su rvey  
th e  en tire  oesophagus, stom ach and  proxim al duodenum , 
m inim izing th e  possibility of m issing any  area . The exam ination  
w as carried  o u t a s  the  in s tru m en t w as advanced  u n d e r  d irec t 
vision, u sin g  a ir insufflation and  suc tion  a s  required .

The two golden rules of endoscope exam inations a re  'do 
n o t advance w ithou t vision' and  'if in doubt, w ithdraw ', an d  th ese  
w ere observed. The oesophagus w as thoroughly  exam ined an d  
th e n  the  stom ach  w as exam ined including  th e  lesse r a n d  g rea te r 
cu rv a tu res  and  the  fu ndus by retroversion  or J -m an o eu v rin g  th e  
tip  by  180° upw ard  angulation. D uring  all th ese  m anoeuvres th e  
sh a ft of the  in s tru m e n t w as kept relatively s tra ig h t from  th e  
p a tien t's  tee th  to the  exam iner's hand .

T hen the  pyloric ring w as approached  for passage  in to  
th e  duodenum . The tip of the in s tru m e n t w as k ep t in  the  
correct axis an d  advanced. The bu lb  w as scan n ed  by  
circum ferential m anipulation  of th e  tip. Hyoscine bu ty lbrom ide 
(B uscopan - Boehringer Ingelheim) 20m g in travenously  w as given 
w hen  v isualisa tion  w as im paired by  pyloric or duodenal m otility. 
The endoscope w as advanced in to the  superio r angle of the
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duodenum  and  the  shaft w as ro ta ted  by  9 0 °  and  gently  advanced  
so th a t  a  tu n n e l view of the  descending duodenum  w as seen.

The duodenum , stom ach  and  oesophagus w ere carefully  
surveyed and  the  insufflated a ir w as sucked  o u t du ring  
w ithdraw al. The m ain  and  com m on problem  is su b jec t d is tre ss  
an d  th e  endoscopy w as term inated  if rea ssu ran c e  did n o t calm  
th e  sub ject. In th is  series I m et no case  of severe p a in  du ring  
endoscopy.

3 .1 .7  TISSUE BIOPSY

Once a  recognised lesion w as no ted  b iopsies were tak en  
for appropria te  laboratory  investigations. The biopsies were 
tak e n  w ith  the  cupped forceps passed  th ro u g h  the  appopria te  
channel. The forceps cups were held in  closed position  by  the  
a s s is ta n t w hen the  forceps w as advanced an d  w ithdraw n. W hen 
the  tip  of the  forcep w as seen  a t the  d ista l end  of th e  endoscope, 
it w as fu rth e r p u sh ed  forward u n d e r d irec t vision u n til th e  lesion  
w as approached. The a ss is ta n t w as asked  to open th e  cup, th e  
endoscopist advanced the forceps p referably  'face-on', so th a t  
firm  and  d irect p ressu re  could be applied to it w ith  th e  cups; the  
cu p s were closed and  the  forcep w ithdraw n.

At least 4 an tra l biopsies w ere tak e n  from all the  
sub jects. One w as used  for the  endoscopy room  u rease  te s t  
(CP-urease test), the  specim en for histology w as im m ediately 
fixed in  10% buffered form alin and  th e  o th ers  for m icrobiology 
were placed in  0 .5  ml of 20% sterile glucose and  were 
tran sp o rted  to the  laboratory  a s  soon as  possible.
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The staff of the  endoscopic u n it  w ere pro tected  from 
aerosol em ission, w hich m ay be a  m ode of tran sm iss io n  of 
infection, during  the  insertion  and rem oval of th e  biopsy  forceps 
tho rough  the  channel.

3 .1 .8  TRANSPORTATION OF TISSUES

The tis su es  were placed in w ater-proof bottles, secu red  
an d  labelled. These specim ens together w ith  the  du ly  filled 
req u est form s were kep t in a  polyethylene bag  an d  se n t to the  
respective departm en ts as soon as the  endoscopy session  w as 
over.

3 .1 .9  PATIENT CARE AFTER GASTROSCOPY

The sub ject w as kept in the  recovery a rea  on th e  trolley 
(or stretcher) in view of the  n u rse  for ab o u t 30-45 m in u tes  and  
u su a lly  a  relative w as allowed to sit by the  side of th e  sub ject. 
W hen the  sub ject felt comfortable after th is  period, he  or she  w as 
asked  to s it u p  and  usua lly  given a ho t drink. If pharyngeal 
a n aes th es ia  h ad  been used  th en  the d rin k  w as delayed by  an o th e r 
30 m inu tes.

W hen the  subject w as fit to go hom e, u su a lly  2 h o u rs  after 
the  procedure, the  findings and  trea tm en t were told in  g rea t 
detail and  explanations were also given of th e  n a tu re  of a  gastric
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secretion  s tu d y  an d  the reaso n s for w ishing to u n d e rta k e  su c h  a  
study . Those pa tien ts  who accepted the  invitation  w ere given an  
ap po in tm en t for the  gastric secretion  test.

The sub jec ts  were advised n o t to operate  m ach inery  an d  
to  re s t a t  hom e. They were w arned  ab o u t th e  sym ptom s (sore 
th ro a t, abdom inal discomfort, flatu lence or discom fort in  th e  vein 
w here th e  injection w as given) they  m ight experience. T his 
inform ation w as also given in writing, together w ith  n am es an d  
telephone n u m b ers  to con tact if the  sub jec t w as worried.

The details of the  subject, the  endoscopy findings, u rea se  
te s t  re su lt an d  the  trea tm en t given to th e  su b jec t w ere fed in to  
th e  com pu ter and  stored. A p rin t o u t of the  le tte r to th e  fam ily 
p rac titioner and  a  sum m ary  of findings w ere retrieved an d  given 
to  th e  sub jec t to h an d  over to the  GP. Also a  follow u p  
appo in tm en t for endoscopy w as given to th e  sub ject.

Flexible up p er endoscopy is a  safe procedure; th ough  
th ere  are  m any  potential hazards, in  th is  s tu d y  none w as 
experienced.

3 .1 .10  DISINFECTION OF THE INSTUMENT

All advice and  in stru c tio n s issu ed  by th e  B ritish  Society 
of G astroenterology and the  Local H ealth  A uthority  w ere stric tly  
observed.

C leaning and disinfection were u n d e rta k en  before the  
endoscopy lis t and  betw een each  exam ination  an d  a t  th e  end  of
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th e  list. Protein is a  physical and  chem ical b a rrie r  to the  
d isin fec tan ts and  renders them  less effective ag a in st th e  
m icro-organism s. T hus ass id u o u s m an u a l cleaning  of the  
in s tru m e n t and  in te rnal channels w as done before th e  u se  of 
d isin fec tan ts. The decontam ination  of the  endoscope w as a  
specialised procedure  and  w as carried  o u t by  a  specially  tra in ed  
sta ff in  a  specified area.

D isinfection w as carried  o u t according to th e  B loom sbury  
H ealth  A uthority  policy. At the  beginning an d  end  of th e  lis t the  
endoscope w as exposed to 8% dettol for 20  m in u te s  followed by 
70% m ethylated  s p i r i t . Between p a tien ts  th e  endoscope w as 
exposed to dettol for a  m inim um  of 2 m in u tes  followed by  
im m ersion in  m ethylated sp irit for 4 m inu tes. In th e  case  of 
su spec ted  TB or HIV positive cases the  endoscope w as exposed 
to g luteraldehyde for 1 hour.

As soon as  the  endoscope w as rem oved from  th e  sub ject, 
m u cu s  w as wiped off the insertion  tu b e  and  th e  la tte r  w as placed 
on a  specially reserved working surface. The de tergen t and  
w ater were asp ira ted  th rough  the  suc tion  channel and  blow n 
th ro u g h  the  a ir channel and  the  in sertion  tu b e  w as w ashed  w ith  
soapy  w ater. The distal tip of the  endoscope w as c leaned w ith  a  
b ru sh  and  the  biopsy channel w as cleaned w ith  a  b ru s h  p assed  
th ro u g h  it and  m ore soapy w ater w as asp ira ted  th ro u g h  th e  
suc tion  channel.

Dettol w as asp irated  th ro u g h  the  suc tion  ch an n e l an d  the  
endoscope w as im m ersed in dettol and  left in  it for 2 m inu tes. 
Then, the  channel w as filled w ith  m ethylated  sp irit an d  th e  
in sertion  tube  w as im m ersed in m ethylated  sp irit for 4  m inu tes. 
The biopsy valve w as d isconnected and  disinfected w ith  dettol 
followed by m ethylated spirit.
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3.2  TREATMENT

Subjects w ith  DU were trea ted  w ith  ran itid ine  or 
colloidal b ism u th  subc itra te  (CBS). All sub jec ts  w ere advised to 
s ta r t  th e  trea tm en t after the  gastric  secretion  test. Initially, 
su b jec ts  w ithou t H  pylori infection were given 300  m g of 
ran itid ine  (Zantac, Glaxo) nocte for a  m axim um  of 8 w eeks an d  
those  w ith  H  pylori infection 240 m g of CBS (Gist-Brocades) 
twice daily for m axim um  of a  8 weeks. In the  ran itid ine  
trea tm e n t group, if the  u lcer had  healed  a t  th e  end of 8 w eeks, 
they  w ere given a  m ain tenance  dose of 150 m g of ran itid ine  
nocte for a  fu rth e r 8 weeks. In the  CBS trea tm e n t group  no 
fu rth e r trea tm en t w as prescribed. If the  DU h ad  n o t healed  a t 
th e  end  of 8 w eeks, th en  the  trea tm en t w as altered. Those w ho 
h a d  h ad  CBS received ran itid ine and  th e  o thers received CBS. 
T his a ltered  trea tm en t w as given for 8 w eeks. If th e  change to 
ran itid ine  resu lted  in  healing of the  u lcer by  eight w eeks, 
m ain tenance  therapy  w ith ran itid ine w as con tinued  a s  above. In 
th e  case of those  who were changed to CBS, if the  u lce rs w ere 
healed  by 8 w eeks trea tm en t w as stopped. S ub jects w hose 
u lcers  were failed to heal after bo th  CBS and  ran itid ine  w ere 
con tinued  on therapeu tic  doses of ran itid ine  for fu rth e r 12 w eeks 
and  if the  u lcers rem ained unhealed , they  w ere referred for 
surgery. Proxim al gastric  vagotom y w as perform ed in  su b jec ts  
w hose DU failed to heal.

3 .3  FOLLOW UP

All sub jec ts  were re-endoscoped betw een 4-6  w eeks 
after th e  trea tm en t w as s ta rted  and  th en  betw een 8 -10  w eeks.
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In su b jec ts  w hose DU had  healed, rep ea t endoscopy w as 
perform ed a t  6 m o n th s and  1 year or earlier if dyspepsia  
recu rred . In sub jec ts  in  w hom  the  DU h a d  n o t healed , th e  
endoscopy w as repeated  in 4-6 w eeks after the  a ltered  trea tm e n t 
an d  again  in  8-10 w eeks and  th en  a s  above. The rep ea t 
endoscopy w as carried  ou t in  the  sam e w ay a s  described  above 
an d  biopsies from the  an tru m  were tak en  for m icrobiology and  
histopathology.

3 .4  GASTRIC SECRETION STUDY

The technique used  h a s  been  g radually  developed and  
modified over m any  years in  th is  D epartm en t an d  th e  deta ils 
w ere described  by  W hitfield and  Hobsley, in  1979. The 
p rocedure  followed elim inates observer b ias  in  the  selection of 
p la teaux , and  u se s  techn iques for reducing  collection e rro rs by 
th e  u se  of two m arkers; one artificial (PSP) and  o th er n a tu ra l 
(Na). This s tu d y  w as approved by  the  Clinical Investigation Panel 
of The M iddlesex H ospital and  M edical School (now of U niversity 
College & M iddlesex School of Medicine).

3 .4 .1  PATIENT SELECTION

M ost of th e  sub jec ts  were recru ited  from p a tien ts  
undergoing  u p p e r gastro in testina l endoscopy a t  The M iddlesex 
H ospital, a lthough  9 had  undergone endoscopy elsew here. Only
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those su b jec ts  who had  b iopsies tak en  from  th e  gastric  a n tru m  
for the  C P-urease test, histology and  m icrobiology w ere included. 
Patien ts who h ad  been  on non-stero idal an ti-in flam m atory  drugs, 
steroids, an tib io tics or colloidal b ism u th  su b c itra te  w ith in  th e  la s t 
th ree  m o n th s  and  who h ad  h ad  gastric  su rgery  w ere excluded.

3.4 .2  EQUIPMENT

All equipm ent u sed  satisfied th e  H ealth  an d  Safety 
S tan d ard s . Since 1970, m ore th a n  1500 gastric  secretion  te s ts  
have been  carried  ou t in  th is  departm en t, w ith  th is  s ta n d a rd  
equipm ent and  w ithout any  m ishap, a s  far a s  h istam ine  in fusion  
te s ts  were concerned.

3.4.2.1 THE NASOGASTRIC TUBE

This w as a  double lum en  nasogastric  tube; the  narrow er 
lum en w as for instillation  of phenol red  an d  th e  larger for th e  
asp ira tion  of gastric  con ten ts . The tu b e  w as specially m ade 
(Portex Ltd). This tube  h a s  a  sm ooth  con to u r an d  its  p assage  is 
m ore easily to lerated  by  the  sub jects. The tu b e  w as w eighted 
and  m arked  a t 10cm. in tervals from the tip. The asp ira tion  
channel h a s  a  s ta n d a rd  6m m  sleeve connector. A Luer-lock 
connector w as a ttach ed  to the  infusion  arm .
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3 .4 .2 .2  SUCTION PUMP

A technique of con tinuous m echanical suc tion  w ith  
in te rm itten t blowback w as used . The p u m p  u sed  w as designed 
specifically for gastric  secretion  te s ts  (Sycopel Scientific Ltd) and  
generated  suction  p ressu re s  of up  to 100 m m  of Hg. It h a s  a  
safety  valve th a t au tom atically  cu ts  off th e  pum p  w hen  th e  
p ressu re  rises above th is  level. The pum p is p re -se t so th a t  it 
c lears the  tube  of any  blockage by blowing b ack  a t regu lar 
in tervals (3 min) for a  fixed period of tim e (30 sec); th is  
blow back p ressu re  w as ad ju sted  n o t to exceed 160 m m  of Hg.
The nasogastric  tube w as connected to a n o th e r tu b e  th a t  em ptied 
in to  the  collecting flask. The in let w as a t  th e  neck  of the  flask, 
th e  ou tle t w as a t  the base  on the  opposite side. A side p o rt w as 
connected  by fine tub ing  to th e  m ercury  m anom eters, allowing 
con tinual p ressu re  readings. The ou tle t tu b in g  w as connected  to 
a  soft p lastic  tub ing  w hich ra n  th rough  th e  roller pum p  
m echan ism  and  so to the  final collecting flask.

3 .4 .2 .3  INFUSION PUMPS

These were u sed  for the  infusion  of phenol red, 
h istam ine  phosphate  an d  prom ethazine (Phenergan - M ay & 
B aker Ltd). Three pum p s of the  exactly th e  sam e design (Model 
352, Sage Instrum ents) were u sed  th ro u g h o u t the  test; th ey  
could be se t for both varying syringe size an d  varying infusion  
ra te . A stan d ard  60cc syringe (BD Plastipak) w ith  a n  in fusion  
ra te  of 10.2ml h _1 was, u sed  in  all th e  syringe pum ps. The 
calibration of the pumjps w as checked a t  regu lar in tervals.
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3 .4 .2 .4  TIMER

The gastric  ju ice  w as collected in  10 m inu te  aliquots.
To en su re  th a t  the  investigator changed over betw een sam ples a t  
th e  sam e tim e and  received advanced w arn ing  th a t  a  collection 
period w as ending, a  specially constructed  tim er w as u sed . This 
w as a n  electrical device connected to a  p a ir of coloured lam ps 
a n d  a  buzzer, w hich were activated in a  s ta n d a rd  sequence.

3 .4 .2 .5  PHENOL RED (Phenolsulphonphthalein, PSP)

The phenol red w as m ade u p  as  a  stock  so lu tion  in  the  
following m anner. Six gram m es w as dissolved in  a  litre  of 
distilled w ater and  allowed to settle  for one m onth . T his allowed 
th e  optical p roperties of the  phenol red to stab ilise  (Hobsley and  
Silen 1969). At the  s ta r t  of each  te s t 60  ml w as d raw n u p  in to  
th e  syringe th rough  a  CVP m anom eter line (Portex) secu red  to 
th e  syringe by a  Luer-lock. The whole assem bly  w as freed of a ir 
bub b les  and  fitted into the  syringe pum p. The p u m p  w as ru n  a t  a  
m axim um  speed un til the  syringe driver w as flu sh  ag a in st the  
p iston  of the  syringe. T hen the  pum p w as sw itched dow n to its  
norm al ra te  (10.2 ml h _1) and  allowed to ru n  for several m in u tes  
u n til PSP appeared  a t the  o ther end of the  m anom eter tube . A 
10 m inu te  aliquot w as collected into a  s ta n d a rd  10 m l collecting 
flask. The infusion pum p w as stopped and  w as now  ready  for 
th e  s ta r t  of the  test. The flask w as th en  capped an d  labelled a s  
th e  p re -te s t s tan d ard  and  w ith the  nam e of the  su b jec t an d  da te  
of th e  test. A nother 10 m inu te  aliquot w as collected a t  th e  end  
of th e  te s t and  labelled as the  p o st-tes t s tan d ard .
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3.4 .3  SUBTECT PREPRATION

The sub ject w as advised to have no th ing  by  m o u th  for a t 
lea s t eight h ou rs, and  sm oking an d  alcohol w ere p roscribed  for 
a t lea s t 12 hours. For m ore th a n  72 h o u rs  th e  su b jec ts  w ere n o t 

allowed to take  H2 an tagon ists  an d  /  or any  o th er m ed ication  th a t  

a lte rs  th e  gastric  m otility or secretion. The su b jec t w as a sk ed  
to come to one of the  w ards (Lord A thlone or B land Sutton) in  
The M iddlesex H ospital, a t 0800  h rs  and  also advised to a rran g e  
for som eone to come and  collect h im  or h e r from  th e  w ard  after 
1700 h rs . The sub ject w as b ro u g h t to the  gastric  secre tion  
labora to ry  a t  0830 h rs, and  w eight and  heigh t w ere m easu red . A 
full gastric  h isto ry  w as taken  and  all inform ation includ ing  age 
an d  sm oking h ab its  w as en tered  onto a  s ta n d a rd  form. The 
sub jec t w as again given the  deta ils of the  test. O nly one gastric  
secretion  te s t  w as perform ed on  a  single day.

3.4.3.1 PASSAGE OF THE NASOGASTRIC TUBE

The sub ject w as encouraged to relax  a s  far a s  possib le  
an d  th en  asked  to sit in  an  up rig h t position, local an ae s th e tic  gel 
(lignocaine 1%) w as squeezed into th e  nostril; th e  su b jec t 
sniffed the  gel up  into the  nose. Five m in u tes  w as u su a lly  
sufficient for th is  agent to take effect. The su b jec t w as allowed 
to swallow a  sm all quan tity  of w ater to m oisten  th e  dry  th ro a t and  
help  swallowing w hen the  tube  w as passed . The approx im ate  
length  of the  nasogastric  tube  requ ired  to p a ss  w as in itially  
a ssessed  by external m easurem ent. The nasogastric  tu b e  p assed  
th ro u g h  the  nostril to the  back  of th e  th ro a t an d  a  sm all m ou th fu l
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of w ater w as taken: too m u ch  w ater could lead to choking w hen  
the  tu b e  w as passed . The tu b e  w as p assed  fu rth e r in, th e  sub jec t 
swallowed an d  the  tu b e  p assed  in to  th e  u p p e r oesophagus. 
C oughing suggested laryngeal irritation: tipping  th e  head  
forw ards overcam e th is  problem  by d irecting the  tu b e  in to  the  
pha iynx . Once the  tu b e  w as in  the  oesophagus th e  su b jec t 
swallowed a  few m outhfu ls of w a ter to ease  th e  passage  of the  
tu b e  in to  th e  stom ach. After in sertion  of a  previously m easu red  
leng th  asp ira tion  w as a ttem pted . A d justm en ts w ere m ade to the  
tu b e  u n til a sp ira tion  w as achieved. A spiration of gastric  co n ten t 
confirm ed th a t  the  tube  w as in  the  stom ach . The tu b e  w as 
p assed  in  u p  to its fu rth est m ark: if res is tan ce  w as m et th is  
im plied th a t  the  tube  h ad  been  p assed  in too far an d  w as coiling 
u p  u p o n  itself. Once the  tu b e  w as so positioned th e  stom ach  w as 
em ptied of the  overnight secretions an d  th e  swallowed w ater.

3 .4 .3 .2  THE WATER RECOVERY TEST

W hen the  initial asp ira tion  w as com plete an d  the  
stom ach  assum ed  to be em pty, the  su b jec t swallowed 20  m l of 
w a ter and  asp ira tion  w as im m ediately a ttem pted . If betw een 16 
an d  20  ml w as recovered th en  the  tu b e  w as said  to have p assed  
th e  w ater recovery te s t (H assan an d  Hobsley 1970). The tu b e  
w as th en  w ithdraw n 2.5 cm a t  a  tim e and  the  te s t w as repeated  
u n til th e  asp iration  w as unsuccessfu l. T hen the  tu b e  w as 
advanced  2 .5  cm and  secured  by m icropore to th e  nose of the  
subject.
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3 .4 .3 .3  POSITION OF THE SUBJECT

O nce the  tu b e  w as secured  th e  su b jec t lay in  th e  sem i 
recu m b en t position, w ith th e  legs flat an d  the  h ip s flexed to  45 °  
T here is no difference in  recoveries betw een th is  position  an d  
th e  left- la tera l (H assan an d  Hobsley 1970); an d  su b jec ts  w ere 
allowed to adop t th is  position for sh o rt periods of tim e d u ring  
th e  te s t for reasons of com fort alone.

3 .4 .3 .4  INTRAVENOUS ACCESS

A large bore can n u la  w as used ; th e  large bore w as n o t 
n ecessa ry  for the  h is tam in e /p ro m eth az in e  hydrochloride 
infusions, b u t  for venous access in  case  of em ergency. A 16G 
c an n u la  (Wallace) w as inserted  u n d e r local a n ae s th es ia  
(lignocaine 1% - plain) into a  large forearm  or an tecu b ita l vein. 
T his w as connected by  a  th ree  w ay tap  to a  slow ru n n in g  in fusion  
of 0.9%  saline. The c an n u la  w as secured  w ith  M icropore in  the  
s ta n d a rd  m anner.

3 .4 .3 .5  PREPRATION OF THE INTRAVENOUS INFUSION

M aximal stim ula tion  w as achieved w ith  h istam ine  acid
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ph o sp h a te  infused in travenously  a t  th e  ra te  of 0 .13  m m ol k g 1 h 1 
(0.04 m g kg 1 h  1 ). This dose u sed  w as b ased  on earlier w ork 
(Lawrie e t al 1964) on th e  infusion test. The period of m axim al 
stim u la tion  w as for two h o u rs  and  a  dose sufficient for two an d  a  
h a lf h o u rs  of infusion w as prepared . T he dose of h istam ine  w as 
calcu lated  (0.04m g x  2 .5  x  w t in  kg) an d  d raw n u p  in to  a n  in su lin  
syringe (U100). This w as transferred  to a  60m l syringe and  
m ade up to  25 .5  ml w ith 0.9%  saline. The dose of an ti-h is tam ine  

(Hi receptor) u sed  w as 25  m g of p rom ethazine hydrochloride 

(Phenergan) and  w as m ade up  to 25 .5  ml, the  sam e volum e a s  the  
h istam ine, w ith 9% saline. A separa te  CVP m anom eter line w as 
a ttach ed  to each  syringe an d  a  25G needle fixed to th e  o ther end. 
Syringes were labelled accordingly and  placed in  th e  double 
syringe pum p an d  secured  in position. The pu m p  w as ru n  a t  a  
m axim um  speed un til th e  syringe driver w as flu sh  ag a in st the  
p iston  of the  syringe. T hen  the  pum p w as sw itched down to its  
norm al ra te  (10.2 ml h ' 1) and  allowed to ru n  for several m in u tes  
u n til th e  fluid appeared  a t the  o ther end  of the  m anom eter tubes . 
The pum p w as tu rn ed  off and  the  free en d s of the  m anom eter 
tu b e  were connected to the  th ree  w ay tap , w hich  w as connected  
to the  venous access.

3 .4 .4  GASTRIC SECRETION TEST

The gastric  secretion  te s t included  a  b a sa l period for one 
h o u r and  a  tw o-hour period of m axim al stim ula tion . After the  
p re -te s t s ta n d a rd  of PSP w as collected th e  free end of the  tu b e  
w as connected to the  narrow er lum en, w hich is m ea n t for the  
instilla tion  of PSP, of the  nasogastric  tu b e  an d  the  in fusion  pum p 
w as sta rted . The suc tion  pum p w as sw itched on. The gastric
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ju ice  collected a t the  first 20  m in u tes  tim e w as d iscarded  to 
overcome the  possible error of loss th ro u g h  adso rp tion  an d  to 
allow for thorough  m ixing of PSP w ith  gastric  ju ice .

3.4 .4 .1  COLLECTION OF SAMPLES

The sam ples were collected in  consecutive 10-m inute 
in tervals a s  signalled by  the  tim er. The volum e of secretion  w as 
m easured ; if the  volum e w as less th a n  10 m l it w as re tu rn ed  to 
the  collecting flask and  pooled together w ith  th e  su b seq u e n t 10 
m in u tes  collection(s) un til th e  collected volum e exceeded 10 ml. 
T his pooling procedure w as perm itted  wholly only w ith in  each  
period; i.e e ither b asa l or m axim al. The volum e of th e  sam ple 
w as recorded in  the  d a ta  sh ee t and  the  sam ple  w as filtered 
(W hatm an's No 1 Paper) and  a t least 8m l of filtered specim en w as 
saved in  an  a ir tigh t bottle. E ach  bottle w as labelled carefully 
(nam e of the  subject, date  and  specim en num ber). The pum p 
bearing  the  h istam ine  and  th a t  for th e  an ti-h is tam in e  were 
sw itched on a  m inu te  before the  end of th e  collection of la s t b a sa l 
period sam ple. At the  end of the  te s t all th e  bo ttles w ere sealed 
an d  sto red  a t  4°C  to aw ait analysis. The PSP instilla tion  tu b e  w as 
d isconnected  from the  nasogastric  tube  an d  the  p o st-te s t 
s ta n d a rd  PSP w as collected over nex t 10 m inu tes.

3 .4 .4 .2  CARE OF PATIENT AFTER TEST

The sub jec t w as re tu rn ed  to th e  w ard, a  sm all m eal w as 
given an d  the  sub ject advised to re s t for four h o u rs  or longer u n til
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m ost of the  effect of the  Phenergan  w orn off. The n u rs in g  sta ff 
of the  w ard  w as told ab o u t the  te s t and  requested  to  observe th e  
su b jec t for any  unexpected  reaction. All sub jec ts  w ere v isited by 
m e after 4  h o u rs  and  checked for the  general condition a n d  an y  
after effect. They were advised n o t to drive a  car or opera te  any  
m ach inery  for 24 h ou rs, allowing tim e for th e  an ti-h is tam in e  to 
fully w ear off.

3 .4 .5  ANALYSIS OF THE GASTRIC SECRETION SAMPLES

U sually  all sam ples were analysed  w ith in  a  week. The 
sam ples w ere removed from the refrigerator and  allowed to 
w arm  u p  to the  room  tem pera tu re . From  th e  sam ple, chloride, 
po tassium , hydrogen and  sodium  in  ionic form s an d  PSP were 
analysed. The hydrogen ion w as m easu red  in  order to calcu late  
acid o u tp u t, sodium  w as m easu red  for th e  calcu lation  of 
duodenogastric  reflux and  the  o ther two ions in  o rder to  check  
th a t  the  su m s of cations and  an ions balanced . If th e  a n io n / 
cation  difference w as m ore th a n  4 m m ol I-1 th e n  a  rep ea t analysis 
of the  sam ple w as perform ed.

3 .5.5.1 PSP CONCENTRATION

The concen tra tion  of PSP w as m easu red  by  
spectropho tom eter (Corning Spectrophotom eter Model 256).
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The filtered asp ira te  w as tak en  u p  by a  1 in  200  dilu tor, an d  
passed  to a  flow cell in the  spectrophotom eter. The d iluen t 
contained  am m onium  hydroxide, in  o rder to m ake th e  sam ple  
alkaline and  so develop the  colour. The pre- and  p o st-te s t 
s ta n d a rd s  were carefully and  com pletely w ashed  o u t of th e ir 
bo ttles into separa te  10 ml flasks, and  m easu red  a s  asp ira te  
sam ples. The m eans of each  p a ir of 558nm  an d  each  p a ir  of 
410nm  read ings were u sed  in the  calcu lations.

3 .5 .5 .2  CHLORIDE IONS

T his w as m easu red  electrochem ically u s in g  a  silver 
electrode chloride m eter (EE1 Chloride M eter Model 96, 
R adiom eter Copenhagen). 0 .2  ml of the  asp ira te  w as p ipetted  
in to  a  beaker of buffer, and  titra ted  to electrical n eu tra lity  an d  a  
d irect read ing  obtained in mmol I-1.

3 .4 .5 .3  HYDROGEN IONS

T itratable  hydrogen ion w as m easu red  by  pH m eter an d  
au tom atic  b u re tte  (pH m eter, A utoburette  ABU 12 R adiom eter 
Copenhagen), using  1ml of sam ple titra ted  ag a in st 0.1N  NaOH to 
pH 7.0. The re su lt in ml of 0.1 N NaOH w as converted to m m ol 
L1 of hydrogen ion by m ultip lication by  100.
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3.4 .5 .4  SODIUM and POTASSIUM IONS

T hese were m easu red  by  flam e pho tom etry  (FLM3 
R adiom eter Copenhagen), u sing  a  1 in  200  d ilu tion  of th e  
asp ira te , th e  re su lts  being read  directly  in  m m ol l 1. Since the  
sam e d ilu en t (am m onium  hydroxide) w as u sed  for PSP read ings it 
w as possible to sem i-au tom ate  th e  read ings of phenol red, 
sodium  ions and  po tassium  ions.

3 .4 .6  COMPUTER ANALYSIS

The p a tien t's  d a ta  and  m easu red  read ings w ere fed in to  a  
BBC com puter and  sen t to a  m ain  fram e com puter a t  Im perial 
College. The d a ta  were analysed  u sing  a  specially w ritten  F o rtran  
program m e ru n  on the  m ain  fram e. The re su lts  w ere sto red  in  
the  m as te r file a t Im perial College and  a  p rin to u t w as received a t 
laboratory  term inal.

3.4.6.1 CALCULATION FOR PYLORIC LOSS

The probable co n tam in an ts  were blood and  bile an d  they  
have sm all absorbance  a t 558 nm  an d  peak  a t  410  nm . A
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correction for th is  abso rbance  h a s  been  calculated , th o u g h  the  
correction w as never m ore th a n  7% of th e  in itial read ings 
(Crawford an d  Hobsley 1968). It w as found to have a  linear 
regression.

PSPcorr = PSP558 " ° - 135 x  p sp 410 + 0 -004

Using th is  value the  asp ira ted  volum es w ere corrected 
for pyloric loss. The PSP w as ad ju sted  to allow for th e  1 in  200  
d ilu tion th a t  the  asp ira ted  sam ple un d erw en t (PSPadj). The 
to tal volum e (Vtot) of gastric  con ten t w as calcu lated  a s  follows:

V tot = (PSPadj /  PSPasp) x  V asp

The volum e of infused  PSP p er m inu te  (1.7 ml) w as 
deducted  from Vtot to give the  corrected  volum e (Vcor), th is  
being the  volum e of gastric  ju ice  corrected for incom plete 
asp ira tion  and  pyloric loss. The volum e of asp ira ted  ju ice  w as 
divided by  V tot to give the  fractional recovery of gastric  ju ice  and  
hence of PSP. This sam e fraction of 1.7 m l w as deducted  from 
the  asp ira ted  volum e to give the  observed volum e (Vobs) a n d  th e  
difference betw een Vcor and  Vobs w as th e  pyloric loss.

3 .4 .6 .2  CORRECTION FOR ELECTROLYTE CONCENTRATION

Electrolyte concen tra tion  h ad  been  reduced  by  the  
d ilu ting effect of th e  infused PSP. C orrection for th is  effect w as 
m ade by  m ultiplying the  observed concen tra tion  by th e  fraction 
V tot/V obs, w hich a t  low volum es (< 20  ml m i n 1) of secretion  can  
be appreciable.
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3 .4 .6 .3  CALCULATION FOR ACID OUTPUT

Hydrogen ion o u tp u t w as calcu lated  from  th e  p ro d u c t of 
th e  corrected hydrogen ion concen tra tion  an d  Vobs m ultiplied by 
0 .006  to  give the  o u tp u t in  m l t r 1.

3 .4 .6 .4  CALCULATION FOR DUODENOGASTRIC REFLUX

No correction is yet possible for swallowed saliva an d  in  
th e  calcu lation  of duodenogastric  reflux it w as a ssu m ed  th a t  the  
swallowed saliva w as negligible. The concen tra tion  of sod ium  
w as assu m ed  to be c o n stan t 143 m m ol l"1. The electrolyte 
com position, all expressed  in  m mol I 1, (Hobsley an d  W hitfield 
1977) of 'pure  gastric  ju ice ' is as follows:

[Cl'] = 170, [H+] = 145, [Na+] = 7 an d  [K+] = 17

The volum e of duodenogastric  reflux (Vr) can  be 
calcu lated  by the  following form ula (see A ppendix for derivation):

Vr = {Vcor x  ([Na+] - 7)) /  143

The Vg, w hich w as the  volum e of p u re  gastric  secretion  
corrected for pyloric loss and  duodenogastric  reflux is calcu lated  
as:

Vg = Vcor - Vr
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3.4 .6 .5  SELECTION OF PLATEAU

This w as done by th e  com puter program m e (Whitfield 
and  Hobsley 1979), selecting a  p la teau  of m axim al leng th  u sing  
th e  la te s t possible sam ples in  the  m axim al secretion  period.
The PSP recovery of each  sam ple h ad  to be  w ith in  15% of the  
m ean  of th e  proposed p la teau . No p la teau  could s ta r t  from  the  
first period no r could it la s t for less th a n  20  m inu tes.

3 .4 .6 .6  STATISTICAL ANALYSIS

D ata  were expressed  in m eans an d  s ta n d a rd  deviation. 
An u n p a ired  S tu d en t's  t te s t w as u sed  to com pare th e  m eans. A 
non-param etric  test, th e  Wilcoxon signed-rank  test, w as also 
u sed  to com pare the  data , because  gastric  secretion  w as n o t 
norm ally  d istribu ted  in the  population. C ontingency-table

analysis w ith  ch i-squared  [%2) w ith  Y ates's correction or F isher's  

exact te s t w as u sed  depending on the  expected n u m b ers  w ith in  
th e  sm allest cells. K endall's t  w as u sed  to a sse ss  the  
non-param etric  correlation betw een sm oking an d  gastric  
secretion. P < 0 .05  w as considered to be sta tistica lly  significant.
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CHAPTER 4  

SUBJECTS & RESULTS
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4. SUBJECTS AND STRUCTURE OF INVESTIGATION &
RESULTS

4.1 Sub jects and  D iagnosis

Two h u n d red  an d  fifty two p a tien ts  u n d e rw en t 
endoscopy (Tablet & Fig. 1). O esophagitis w as diagnosed in  30  
(12%); 23  (9%) p a tien ts  h ad  m iscellaneous findings, includ ing  
5 w ith  gastric  u lcer. T hese 53 p a tien ts  w ere n o t app roached  
for gastric  secretion  stud ies. A duodenal u lcer (DU) w as 
d iagnosed in  76 (30%) an d  no abnorm ality , th a t  is no  u lcer 
d isease  (NUD) w as found in 123 (49%).

The C P-urease te s t w as positive in  145 (57%) and  
negative in  107 (43%). The re su lts  of the  CP- u rea se  te s ts  by 
diagnostic category are given in  Table 2.

W hen the  cu ltu re  and  histology re su lts  for H  pylori w ere 
obtained , none of the  C P-urease positive p a tien ts  w as classified 
a s  H  pylori negative b u t  14 (13%) of th e  107 C P -urease negative 
p a tien ts  were positive for H  pylori by  the  m ore search ing  tes ts . 
Subdividing the  p a tien t g roups according to the  new  decision on 
w he ther or n o t H  pylori w as p resen t gave th e  re su lts  also  show n 
in  Table 5& 8 an d  Fig. 2 . It w as clear th a t  th e  percen tage 
prevalence of H  pylori w as sim ilar in  all d iagnostic  categories 
except th a t  it w as sm aller in reflux oesophagitis p a tien ts  th a n  in

th e  o thers (for DU vs NUD %2 = 0 .099, p  > 0 .7  n. s; for

m iscellaneous findings vs DU & NUD %2 = 1.604, p  > 0 .30  n .s

an d  for oesophagitis vs DU & NUD %2 = 16.51, p  < 0 .0005 , s).

Soon after the  endoscopy, w hen  th e  re su lts  of th e  CP- 
u rea se  te s t b u t  n o t the  o ther te s ts  for H  pylori w ere know n, 46
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(60%) of 76 DU and  93 (76%) of 123 NUD p a tien ts  were 
app roached  for gastric  secretion. The rem ainder were 
excluded because  of the  criteria  previously described.
T hirty-six  (78%) of the  46 DU p a tien ts  and  58 (62%) of th e  93 
NUD p a tien ts  agreed to undergo  the  test. Secretion d a ta  
becam e available in  62 (60%) of the  94 sub jec ts  w ho agreed to  
th e  secretion  stud ies; the  rem ainder failed to a tten d . Secretion 
w as m easu red  in  31 (86%) of the  36  DU, 31 (53%) of th e  58 
NUD; th a t  is in  37 (64%) of the  C P-urease te s t positive an d  25  
(64%) of th e  39 C P-urease te s t negative sub jects; in  41 (65%) of 
th e  63 positive by the  m ore search ing  te s ts  for H  pylori, an d  in  
21 (68%) of the  31 negative by  those  tes ts . The flow c h a r t  in  
Figure 3 dem onstra tes the  s tru c tu re  of the  investigation.

Active chronic a n tra l gastritis  w as p resen t in  sections of 
m u co sa  in  all sub jec ts  finally assigned  to the  H  pylori positive 
division, b u t  w as ab sen t in  all H  pylori negative p a tien ts . The 
p roportion  of p a tien ts  infected w ith H  pylori increased  w ith  age 
(Table 11 & Fig. 4&5).

4 .2  Sex

O esophagogastroduodenoscopy w as done on  100 m ale 
an d  152 female sub jec ts  (Tables 12 & 13). NUD w as diagnosed 
in  37 m ale and  75 female subjects; 39 m ale an d  48 fem ale 
sub jec ts  h ad  an  active DU; reflux oesophagitis w as no ted  in  13 
m ale and  17 female sub jects and  10 m ale and  13 fem ale su b jec ts  
h a d  m iscellaneous findings. Sixty (60%) of the  m ale su b jec ts  
an d  99 (65%) of the  female sub jec ts  were H  pylori positive.

A to ta l of 39 m ales and  23 fem ales u n d erw en t a  gastric
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secre tion  tes t. There were 19 m ales an d  12 fem ales in  th e  
NUD group  an d  20 m ales an d  11 fem ales in  the  DU group.
H  pylori w as p resen t in  25 m ales and  16 fem ales. Twelve of 
th e  m ales an d  8  of the  fem ales in  th e  NUD group  and  13 of 
m ales an d  8  of the  fem ales in  the  DU group  w ere positive for 
H  pylori (Tables 14 - 16)

4 .3  Age

The m ean  age for NUD w as 52 years (14 sd), for DU w as 
46  years (13 sd), 56 years (8 sd) for oesophagitis an d  54 years 
(11 sd) for those  sub jec ts  who h ad  m iscellaneous findings. In 
general th e  p roportion  of sub jec ts  infected w ith  H pylori 
increased  w ith  age (Table 11 & Fig. 4  & 5).

The m ean  age for the  61 su b jec ts  a tten d ed  th e  gastric  
secretion  te s t  w as 54 years and  o u t of the  61 sub jec ts  23 (74%) 
of th e  31 NUD were e ither 54 years or older th a n  54 years  and  
only 11 (36%) of the  31 DU were e ither 54 or older th a n  54 
years (Table 19).

The m ean  age for sub jec ts  w ith H  pylori w as 54 (14 sd) 
an d  for sub jec ts  negative for H  pylori w as 40  (13 sd). Twenty 
five (81%) of th e  31 sub jects w ith H  pylori w ere e ither 54 years 
or older th a n  54 years an d  only 16 (51%) of th e  31 su b jec ts  w ith 
no H  pylori were e ither 54 years or older th a n  54 years (Tables 
21 ).
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4 .4  Height

The m ean  heigh t of sub jec ts  in  th e  NUD group  w as 168 
cm  (8 sd) an d  in th e  DU group w as 169 cm  (10 sd) (Table 22).

4 .5  Sm oking H abits

T hirty  th ree  of the  61 sub jects, w ho u n d erw en t a  
gastric  secretion  te s t  were sm okers; 17 w ere m ale a n d  16 
fem ale sub jects. There were 11 sm okers in  the  NUD group  of 
w hich  7 w ere fem ales; there  were 22 sm okers in  the  DU group 
of w hich 9 were fem ales. W hen classified according to th e  H  
pylori s ta tu s  it w as noted  th a t  there  were 22  sm okers am ong the  
sub jec ts  w ith  H  pylori an d  11 sm okers am ong th e  sub jec ts  
w ith o u t H  pylori (Tables 2 3 - 2 5  & Fig. 8  & 9)

4 .6  G astric secretion  s tu d y

M aximal gastric  secretion w as h igher in  p a tien ts  w ith  
DU th a n  in  those w ithou t DU no m a tte r  how  secretion  w as 
expressed  (Table 32 & Fig. 14 & 15)), an d  w ith in  each  of th ese  
m ajor g roups w as 15 -18% lower in  those  w ith  H  pylori 
com pared to those w ithou t (Table 33 & Fig. 16 & 17). T his 
second s ta tem en t w as correct w hen secretion  w as expressed  a s  
h e ig h t-s tan d ard ised  Vg, b u t  the  effect of u s in g  th e  less accu ra te  
indices (Vg u n stan d ard ised , acid o u tp u t u n s ta n d a rd ise d  an d  
standard ised ) is show n in  Tables 32 - 36. T hese tab les also 
show  th a t  th e  Wilcoxon ra n k  su m  te s t can  be m ore sensitive 
th a n  the  t-test.
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In sm okers, positive correlations betw een sm oking 
factor (SMF), th a t  is the  square  root of th e  p ro d u c t of the  
n u m b er of cigarettes sm oked per day  and  th e  n u m b er of years 
sm oked, an d  m axim al gastric  secretion  w ere d em onstra ted  in 
H  pylori negative (both u lcer and  non-ulcer) g roups, b u t  once 
again  only if the  secretion  w as expressed  a s  Vg (Table 37). 
However in  p a tien ts  who were H  pylori positive, th ere  w as no 
correlation  betw een gastric  secretion  an d  sm oking, no  m a tte r  
how  th e  secretion  ra te  w as expressed or w h e th er th e  p a tien ts  
had  a  DU.

4.7  T rea tm en t & Follow-up

All 20  NUD sub jects w ith H  pylori were  trea ted  w ith  
colloidal b ism u th  sub c itra te  (CBS). In 15 (75%) su b jec ts  H  
pylori w as cleared an d  the  ACG w as im proved after 6-8  w eeks of 
trea tm en t. In 5 sub jec ts  CBS failed to c lear H  pylori and  th ese  5 
sub jec ts  were la te r trea ted  w ith antib io tics (am picillin and  
m etronidazole) and  H  pylori w as cleared in  3  su b jec ts  w ith  
im provem ent of ACG. H  pylori w as still p re se n t in  2 sub jec ts  
and  on  follow u p  though  ACG w as p re sen t no  DU w as diagnosed 
in  th ese  two pa tien ts . H  pylori w as iso lated  in  5 of th e  18 
sub jec ts  betw een 9 and  12 m onths.

All 21 DU sub jec ts  w ith H  pylori w ere trea ted  w ith  CBS 
and  all 10 DU sub jects w ithou t H  pylori w ere trea ted  w ith 
ran itid ine. After 4-6 w eeks of trea tm en t th e  u lcer did n o t heal 
in  6  sub jec ts  who were tak ing  CBS an d  in  6  w ho were tak ing  
ran itid ine. The u lcer h ad  healed in  3 su b jec ts  in  the  CBS

113



tre a tm e n t group in  sp ite  of the  p resence  of H  pylori an d  failed to 
heal in  4 sub jec ts  even though  H  pylori w as cleared w ith  CBS 
(Fig. 24& 25).

At the  end of eight w eeks of trea tm e n t in  th e  CBS 
trea tm e n t group, the  u lcer h ad  n o t healed  in  th e  6  p a tien ts  b u t  
in  th e  ran itid ine  trea tm e n t group th e  DU h a d  healed  in  2 m ore 
sub jects. CBS w as given to those  w hose u lce r h a d  failed to heal 
w ith  ran itid ine  and  ran itid ine  w as given to th o se  w hose u lcer 
h ad  failed to heal w ith  CBS. Four w eeks after th is  revised 
trea tm e n t it w as found th a t  4  of th e  u lcers  w hich  failed to heal 
w ith  CBS healed  w ith  ran itid ine  b u t  2 failed to heal a n d  3 of th e  
u lcers  w hich failed to heal w ith  ran itid ine  healed  w ith  CBS b u t 1 
failed to heal.

The 3 sub jec ts  w hose u lcer failed to heal w ere 
con tinued  w ith  the  sam e trea tm en t for a n o th e r 4 w eeks b u t  
rem ained  unhea led  and  they  required  proxim al gastric  vagotom y. 
The rep ea t oesophagogastroduodenoscopy perform ed on  th ese  3 
su b jec ts  after 6  w eeks show ed the  u lcer h a d  healed  an d  2 of 
th ese  3 sub jec ts  were found to have H  pylori in  th e  a n tru m .

Twenty six (84%) of the  31 NUD an d  28  (90%) of the  
31 DU sub jec ts  com pleted the  12 m o n th  follow-up. Two (10%) 
of the  20  NUD w ith  H  pylori, 2 (10%) of the  21 DU w ith  
H  pylori; 3 (27%) of the  11 NUD w ith  no H  pylori a n d  1 (10%) 
of th e  10 DU w ith  no H  pylori failed to com plete th e  12 m on th  
follow-up.

N ineteen (90%) of the  21 DU sub jec ts  w ho originally 
h ad  H  pylori and  9 (90%) of the  10 DU sub jec ts  w ho did n o t 
have H  pylori com pleted the  12 m o n th  follow up . At the  end of 
th e  followed u p  period, DU had  recu rred  in  4  of th e  9 sub jec ts  
w ho never h ad  H  pylori and  in  6 of th e  15 su b jec ts  w hose
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H  pylori infection w as cleared. In the  la tte r  group of 6 , H  
pylori w as positive in  2 sub jects and  negative in  4. Two of th e  
5 sub jec ts  w hose DU healed in  sp ite  of th e  presence  of H  pylori 
h ad  recu rrence  of DU.

DU did n o t rec u r in  5 (1 h ad  PGV) of th e  9 su b jec ts  
who never h ad  H  pylori, 10 of the  15 su b jec ts  w hose H  pylori 
infection w as cleared an d  in  2 (both h ad  PGV) of th e  4  sub jec ts  
w hose H  pylori infection w as n o t being cleared.

Two subjects, 1 of the  10 DU su b jec ts  w ho never h a d  H  
pylori and  1 of the  16 sub jects on w hom  H  pylori w as cleared, 
failed to a tten d  the  12 m on th  follow u p  b u t  w ere seen  6  m o n th s  
after th e  u lcer w as healed  and  no recu rrence  w as found. O ne of 
the  16 p a tien ts  w ith  DU, in w hom  H  pylori h a d  been  cleared 
failed to a tten d  the  12 m on th  follow u p  clinic b u t  w as seen  15 
m o n th s after the  u lcer w as healed, found to  have a  DU an d  H  
pylori w as isolated.

Twenty six (84%) of the  31 NUD an d  28 (90%) of th e  
31 DU sub jec ts  com pleted the  12 m on th  follow-up. Two (10%) 
of the  20  NUD w ith H  pylori, 2 (10%) of th e  21 DU w ith  
H  pylori; 3 (27%) of the  11 NUD w ith  no H  pylori an d  1 (10%) 
of th e  10 DU w ith no H  pylori failed to com plete th e  12 m o n th  
follow-up (Table 38).
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Table 1.

MACROSCOPIC DIAGNOSIS OF PATIENTS UNDERGOING

ENDOSCOPY

Total Number 2 5 2

Non-Ulcer D yspepsia (NUD) 123 (49%)

D uodenal Ulcer (DU) 76 (30%)

O esophagitis 30 (12%)

M iscellaneous 23 (9%)
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Table 2.

Group

NUD

DU

Oesophagitis

M iscellaneous

TOTAL

CP-UREASE TEST RESULTS

CP-Urease te s t  
positive

75 (61%)

49 (64%)

8 (28%)

13 (57%)

145 (58%)

CP-Urease te s t  
negative

48 (39%)

27 (36%)

22 (74%)

10 (43%)

107  (42%)

Total

123

76

30

23

2 5 2

118



Table 3.

HELICOBACTER PYLORI IN GASTRIC BIOPSIES 

IDENTIFIED WITH GIEMSA STAINING

Giemsa stain Glemsa sta in
Group positive negative Total

for H  p y lo r i  for H  p y lo r i

NUD 80 (65%) 43  (35%) 123

DU 51 (67%) 25  (33%) 76

Oesophagitis 9 (30%) 21 (70%) 3 0

M iscellaneous 13 (57%) 10 (43%) 23

TOTAL 153(61% ) 9 9  (39%) 2 5 2
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Table 4.

HELICOBACTER PYLORI IDENTIFIED WITH 

CULTURE TECHNIQUE IN THE FOUR GROUPS

Group Culture positive Culture negative Total
for H  p y lo r i  for H  p y lo r i

NUD 81 (66%) 42 (34%) 123

DU 52 (68%) 24  (32%) 76

Oesophagitis 7 (23%) 23 (77%) 30

M iscellaneous 12 (52%) 11 (48%) 23

TOTAL 154(61% ) 9 8  (39%) 2 5 2
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Table 5.

DISTRIBUTION OF 

HELICOBACTER PYLORI IN THE FOUR GROUPS

Group H  py lo ri 
positive

H  p y lo r i  
negative

NUD

DU

83 (67%)

53 (70%)

O esophagitis 9 (30%)

M iscellaneous 14 (61%)

40 (33%)

23 (30%)

21 (70%)

9 (39%)

TOTAL 159  (63%) 9 3  (37%)
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Figure 1.

MACROSCOPIC DIAGNOSIS OF PATIENTS UNDERGOING

ENDOSCOPY

□ NUD
n DU
□ Oeso
□ Misc

Figure 2.

FREQUENCY OF HELICOBACTER PYLORI IN THE FOUR GROUPS

□ NUD
M DU
□ Oeso.
□ Misc.

67%

30%
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F ig u re  3 . C h a r t  s h o w s  th e  p a t i e n t s  w h o  w e re  in v i te d  a n d  th o s e  
w h o  a t te n d e d  fo r th e  G a s tr ic  S e c r e t io n  T e s t .

TOTAL number = 199

DU = 46 
U+ = 26, U- = 20 

HP+ = 29, HP- = 17

DU = 36 
U+ = 22 U- = 14 

HP+ = 24, HP-= 12

APPROACHED =139 
DU = 46, NUD = 93

AGREED = 94 
DU = 36, NUD = 58

GST Done = 62 
DU = 31, NUD = 31

TOTAL DU (76) & NUD (123) = 199

DU = 76 NUD = 123
| U+ = 49, U- = 27 U+ = 75, U- = 48
! HP+ = 53, HP- = 23 HP+ = 83,HP- = 40

NUD = 93 
U+ = 51, U- = 42 

HP+ = 55, HP- = 38

NUD = 58 
U+ = 33, U- = 25 

HP+ = 39, HP- = 19

! DU = 31 NUD = 31
| U+ = 18 U- = 13 U+ = 19, U- = 12
| HP+ = 21, HP- = 10 HP+ = 20, HP-= 11

(* DU  =  du oden al ulcer, GST = gastric  secretion  test, HP  =  H elicobacter p y lo r i  
NUD = non-ulcer d ysp ep sia , U = u rease  test, +  /  - =  p o sitiv e  /  negativeJ
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Table 6.

COMPARISON OF THE THREE TESTS USED FOR 
THE IDENTIFICATION OF HELICOBACTER PYLORI

T est H p y lo r i H  p y lo r i  Total
positive negative

CP-urease
te s t  145 (0 false pos.) 107 (14 false neg.) 252

Giemsa stain 153 (2 false pos.) 99 (8 false neg.) 252

Culture 154 (1 false pos.) 98  (6 false neg.) 252

True
H  p y lo r i  159  9 3  2 5 2
positivity
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Table 7.

COMPARISON OF THE RELIABLITY OF THE THREE TESTS USED 

FOR THE IDENTIFICATION OF HEUCOBACTER PYLORI

INDEX CP-Urease Gram Culture
test stain

Sensitivity 91.2% 94.9%  96.2%

Specificity  100% 97.8% 98.9%

Accuracy 94.4% 96.0% 97.2%

Positive
predictive value 100% 98.7% 99.4%

Negative
predictive value 86.9% 91.9% 93.9%
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Table 8.

COMPARISON OF 

CP-UREASF. TFST POSmVITY & HELICOBACTER PYLORI 

IN THE FOUR GROUPS

Group CP-urease te s t  
positive

H  p y lo r i  
positive

NUD

DU

Oesophagitis

75 (61%)

49 (64%)

8 (28%)

M iscellaneous 13 (57%)

83  (67%)

53 (70%)

9 (30%)

14 (61%)

TOTAL 145 (58%) 1 5 9  (63%)
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Table 9.

THE ASSOCIATION OF ACTIVE CHRONIC GASTRITIS

IN THE DIFFERENT GROUPS

Active Chronic Active Chronic
Group (antral) Gastritis (antral) G astritis Total

presen t absent

NUD 83 (67%) 40 (33%) 123

DU 53 (70%) 23 (30%) 76

Oesophagitis 9 (30%) 21 (70%) 30

M iscellaneous 14 (61%) 9 (39%) 23

TOTAL 159(63% ) 9 3  (37%) 2 5 2
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Table 10.

FREQUENCY OF H E U C O B A C T E R  P Y L O R I

IN DU & NUD SUBTECTS

(who underwent Gastric Secretion Test)

H  p y lo r i  presen t H  p y lo r i  absent

D uodenal Ulcer
subjects 21 10

Non-Ulcer D yspepsia  20 11
subjects

TOTAL 41 21

The difference in  d istribu tion  of H pylori in  th e  duodenal u lcer 
group an d  non-duodenal u lcer group is non  significant
{X2 = 0 .720. p > 0.40).
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Table 11.

PREVALENCE OF HEUCOBACTER PYLORI STRATIFIED 

ACCORDING TO AGE

Age NUD DU Oeso. M isc. Total
HP positive HP positive HP positive HP positive HP positive

n (%) n (%) n (%) n (%) n (%)

1 6 - 2 5 2 (40) 2 (50) 4 (44)

26-35 6 (55) 7 (53) - - - - 13 (52)

36-45 14 (78) 13 (72) 2 (25) 2 (66 ) 31 (6 6 )

46-55 28 (72) 17 (68 ) 3 (23) 4 (57) 52 (62)

56-65 21 (68 ) 11 (91) 2 (50) 7 (64) 41 (68 )

66-75 10 (67) 3 (75) 1 (33) - - 14 (64)

76-85 2 (50) - - 1 (100) 1 (100) 4 (57)
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Figure 4.

THE PREVALENCE OF HEUCOBACTER PYLORI vs AGE 

{with simple curve fit)
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Figure 5.

THE PREVALENCE OF HEUCOBACTER PYLORI vs AGE 

{with binomial curve fit)

70

60

50

y = 29.587 + 15.852x - 1.6969xA2 RA2 = 0.901

40
16-25 26-35 36-45 46-55 56-65 66-75 76-85

Age

131



Table 12.

THE ENDOSCOPIC DIAGNOSIS & 
DISTRIBUTION OF THE SEXES

MALE FEMALE TOTAL

Non-Ulcer D yspeptic
subjects 41 82 123

D uodenal Ulcer
subjects 36 40  76

Oesophagitis
subjects 13 17 30

Subjects w ith
M isc. findings 10 13 23

TOTAL 100 152  2 5 2



Table 13.

COMPARISON OF SEXES & 

FREQUENCY OF HELICOBACTER PYLORI

MALE FEMALE

H  p y lo r i
p resen t 60  99

H  p y lo r i
absent 40  53

TOTAL 100  152
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Table 14.

COMPARISON OF SEXES IN THE DU & NUD SUBTECTS

(who underwent Gastric Secretion Test)

MALE FEMALE TOTAL

Duodenal Ulcer
subjects 20 11 31

Non-Ulcer D yspepitc
patients 19 12 20

TOTAL 39 23 62

The difference in d istribution of DU & NUD betw een m ale 
and  female subjects is not significant (%2 = 0 .069, p  > 0.7).
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Table 15.

COMPARISON OF SEXES & 

FREQUENCY OFHELICOBACTER PYLORI 

fin sub jects who underw en t G astric  Secretion Test)

MALE FEMALE TOTAL

H elicobacter pylori
p resen t 25 16 41

H elicobacter p y lo r i
absent 14 7 21

TOTAL 39 23 62

The difference in d istribu tion  of H  pylori positive an d  
negative sub jects is non  significant betw een th e  2 sexes 
(%2 = 0.196, p > 0.06).
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TABLE 16.

COMPARISON OF SEXES. ENDOSCOPIC DIAGNOSIS &

H E U C O B A C T E R  P Y L O R I  IN SUBTECTS

(who underwent Gastric Secretion Test)

H  pylori 
p resen t

D uodenal Ulcer 
subjects

H  pylori 
ab sen t

H  pylori 
p resen t

Non-Ulcer D yspepsia  
subjects

H  pylori 
ab sen t

TOTAL

MALE FEMALE TOTAL

13 8 21

7 3 10

12 8  20

7 4 11

39 23 62
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Table 17.

THE MEAN AGE FOR THE FOUR GROUPS 

DIAGNOSED ENDOSCOPICALLY

AGE RANGE

Non-Ulcer D yspeptic
Subjects 52 24-79

D uodenal Ulcer
Subjects 46  16-70

Oesophagitis
Subjects 56 32-80

Subjects w ith
M isc. findings 54 37-76



Table 18.

DISTRIBUTION OF FOUR GROUPS 

(ENDOSCOPICALLY DIAGNOSED) 

BELOW 53 YEARS AND 54 YEARS & MORE

< 53  YRS 5 4  YRS
& m ore

Non-Duodenal Ulcer
subjects 53 70

D uodenal Ulcer
subjects 47 29

Oesophagitis
subjects 14 16

Subjects w ith
M isc. findings 7 16

TOTAL 127  125

TOTAL

123

76

30

23

2 5 2
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Table 19.

DISTRIBUTION OF DU & NUD SUBTECTS 

BELOW 53 YEARS AND 54 YEARS & MORE 

(who underwent Gastric Secretion Test)

< 53  YRS 5 4  YRS TOTAL 
& m ore

D uodenal Ulcer
Subjects 20  11 31

Non-Ulcer D yspeptic
Subjects 8 23  31

TOTAL 2 8  3 4  6 2

T here is a  significant difference in  the  d istribu tion  of duodenal 
u lcer sub jec ts  betw een the  two age groups.
(x2 = 9 .378, p <  0.0050).
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Figure 6.

DISTRIBUTION OF DU & NUD SUBTECTS

BELOW 53 YEARS AND 54 YEARS & MORE
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Table 20.

DISTRIBUTION OF H ELICO BACTER P Y L O R I

SUBTECTS BELOW 53 YEARS AND 54 YEARS & MORE

GROUP < 5 3  YRS 5 4  YRS TOTAL
& m ore

H  p y lo r i
p resen t 72 87 159

H  p y lo r i
absent 55 38 93

TOTAL 127  125  2 5 2

The differences in the  d is tridu tion  of H  pylori positive 
and  negative sub jec ts  betw een th e  two age groups a re  
significant (%2 = 4 .362, p < 0.050).

141



Figure 7.

DISTRIBUTION OF H ELICOBACTER PYLO RI

SUBTECTS BELOW 53 YEARS AND 54 YEARS & MORE
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Table 21.

DISTRIBUTION OF H E LICO BA CTE R P Y L O R I

SUBTECTS BELOW 53 YEARS AND 54 YEARS & MORE

(who underwent Gastric Secretion Test)

< 53  YRS 5 4  YRS TOTAL
& m ore

H  p y lo r i
p resen t 16 25 41

H  p y lo r i
absent 12 9 21

TOTAL 2 8  3 4  6 2

The differences in d is tribu tion  of H  pylori positive an d  
negative betw een the  two age groups are  significant.
(%2 = 5.272, p <  0.0250).
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Table 22.

MEAN HEIGHT OF SUBTECTS 

(who underwent Gastric Secretion Test)

HEIGHT RANGE SD

H  pylori 169 158-183 9
p resen t

D uodenal Ulcer 
subjects

H  pylori 170 152-184 11
ab sen t

H p ylo r  168 152-183 6
p resen t 

Non-Ulcer D yspeptic  
subjects

H  pylori 168 152-182 10
ab sen t
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Table 23.

FREQUENCY OF SMOKERS & NON-SMOKERS IN BOTH SEXES 

(who underwent Gastric Secretion Test)

SMOKERS NON-SMOKERS TOTAL

Male subjects 18 21 39

Fem ale subjects 15 8 23

TOTAL 3 3  2 9  6 2

There is no significant difference in  the  d is tribu tion  of sm okers 
and  non-sm okers betw een the  2 sexes [%2 = 2 .115, p  >0.20).
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Table 24.

DISTRIBUTION OF SMOKERS & NON-SMOKERS

DU & NUD SUBTECTS

(who underwent Gastric Secretion Test)

SMOKERS NON-SMOKERS TOTAL

D uodenal Ulcer
subjects 22 9 31

Non-Ulcer D yspeptic
subjects 11 20  31

TOTAL 3 3  2 9  62

There is a  significant difference in  th e  d is trib u tio n  of 
duodenal u lcer in  the  sm oking su b jec ts  w hen  com pared
w ith non-sm okers [%2 = 7 .839, p  < 0.010).
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Figure 8.

DISTRIBUTION OF SMOKERS & NON-SMOKERS 

DU & NUD SUBTECTS 

(who underwent Gastric Secretion Test)
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Table 25.

FREQUENCY OF HELICOBACTER PYLORI 

AMONG THE SMOKERS & NON-SMOKERS SUBTECT 

(who underwent Gastric Secretion Test)

SMOKERS NON-SMOKERS TOTAL

H  p y lo r i
p resen t 22 19 41

H  p y lo r i
absent 11 10 21

TOTAL 3 3  2 9  6 2

There is no significant differences in  th e  d is trib u tio n  of 
H  pylori in  the  2 groups (%2 = 0 .0780 , p > 0.40).
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Figure 9.

FREQUENCY OF HELICOBACTER PY L O R I  
AMONG THE SMOKERS & NON-SMOKERS SUBTECT 

(who underwent Gastric Secretion Test)
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Table 26.

GASTRIC SECRETION STUDY

BASAL ACID OUTPUT (BAOpi) &
BASAL VOLUME OF ACID SECRETED 

(Vgbaspl/ corrected for pyloric loss & duodenogastric reflux) 
bv DU & NUD SUBJECTS

Vgbaspl BAOpj
ml h 1 m m ol h _1
m ean  m ean
(sd) (sd)

D uodenal Ulcer
Subjects 122 7 .33
n=31 (42) (5.13)

Non-Ulcer D yspeptic
Subjects 100 2 .8
n=31 (52) (3.67)
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Table 27.

GASTRIC SECRETION STUDY

MAXIMAL ACID OUTPUT (MAOpi) AND 
MAXIMAL VOLUME OF ACID SECRETED 

(Vgmaxpl/ corrected for pyloric loss & duodenogastric reflux) 
bv DU & NUD SUBJECTS

V gm axpl MAOpi
m l h 1 m m ol h 1
m ean  m ean
(sd) (sd)

D uodenal Ulcer
subjects 383 47 .90
n=31 (77) (14.96)

Non-Ulcer D yspeptic
subjects 188 25 .75
n=31 (72) (12.14)
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Table 28.

GASTRIC SECRETION STUDY

HEIGHT-STANDARDISED 
MAXIMAL ACID OUTPUT (MAOpi>s) AND 
MAXIMAL VOLUME OF ACID SECRETED 

(Vgmaxpl.s, corrected for pyloric loss & duodenogastric reflux) 
bv DU & NUD SUBJECTS

Vgmaxpl.s
m l h 1
m ean

MAOpi. s
m m ol h 1 
m ean

(sd) (sd)

D uodenal Ulcer
Subjects
n=31

395
(87)

49 .60
(14.35)

Non-Duodenal Ulcer
Subjects
n=32

203
(68)

27.31
(11.51)
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Figure 10.

ACID OUTPUT (mmol I"1)

(BASAL, MAXIMAL & HEIGHT-STANDARDISED) 

OF DU AND NUD SUBTECTS.

□  BAOpl 
1  MAOpi 
M MAOpi.s
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Figure 11.

VOLUME OF ACID SECRETED (ml h"1)

(Vg, corrected for pyloric loss & duodenogastric reflux) 

(BASAL, MAXIMAL & HEIGHT-STANDARDISED) 

by DU AND NUD SUBJECTS.

□  Vgbaspl 
m  Vgmaxpl 
M  Vgmaxpl.s WMWmm* T:
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Table 29.

GASTRIC SECRETION STUDY

BASAL ACID OUTPUT (BAOpi) AND 
BASAL VOLUME OF ACID SECRETED 

(Vgbaspl/ corrected for pyloric loss & duodenogastric reflux) 
bv H  PYLORI POSITIVE & NEGATIVE SUBJECTS

Vgbaspl BAOpi
m l h 1 m m ol h 1
m ean  m ean
(sd) (sd)

H elicobacter p y lo r i
positive Subjects 111 5 .14
n=31 (51) (5.56)

H elicobacter p y lo r i
negative Subjects 110 4 .97
n=31 (41) (3.68)
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Table 30.

GASTRIC SECRETION STUDY

MAXIMAL ACID OUTPUT (MAOpi) AND
MAXIMAL VOLUME OF ACID SECRETED 

(Vgmaxpl/ corrected for pyloric loss & duodenogastric reflux) 
bvH  PYLORI POSITIVE & NEGATIVE SUBJECTS

^Sm axpl MAOpi
ml h 1 m m ol h 1
m ean  m ean
(sd) (sd)

H elicobacter p y lo r i
positive subjects 267 34 .34
n=31 (120) (17.33)

H elicobacter p y lo r i
negative subjects 323 41 .68
n=31 (122) (17.29)
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Table 31.

GASTRIC SECRETION STUDY

HEIGHT-STANDARDISED 
MAXIMAL ACID OUTPUT (MAOpi.s) AND 
MAXIMAL VOLUME OF ACID SECRETED 

Vgmaxpl.s, corrected for pyloric loss & duodenogastric reflux) 
bv  H  PYLORI POSITIVE & NEGATIVE SUBJECTS

Vgmaxpl.s MAOpi.s
m l h _1 m m ol h _1
m ean  m ean
(sd) (sd)

H elicobacter p y lo r i
positive subjects 284  36 .58
n=31 (119) (17.32)

H elicobacter p y lo r i
negative subjects 330 42 .13
n=31 (122) (16.49)
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Figure 12.

ACID OUTPUT (mmol I"1)

(BASAL. MAXIMAL & HEIGHT-STANDARDISED) 

OF H  PYLO RI  POSITIVE & NEGATIVE SUBTECTS.

□  BAOpi 
I I  MAOpi 
H  MAOpi.s
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Figure 13.

VOLUME OF ACID SECRETED (ml hrU 

(Vg, corrected for pyloric loss & duodenogastric reflux) 

(BASAL. MAXIMAL & HEIGHT-STANDARDISED) 

BY H  PYLORI  POSITIVE & NEGATIVE SUBTECTS.

□  Vgbaspl 
II  Vgmaxpl 
H  Vgm axpl.s
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Table 32.

THE RELATIONSHIP BETWEEN MAXIMAL GASTRIC SECRETION.

EXPRESSED IN FOUR DIFFERENT WAYS

FOR DU & NDU SUBTECTS

Group MAOpi MAOpi.s Vgm axpl Vgmaxpl.s
m m ol h*1 m m ol h '1 m l h _1 m l h _1

D U 47.90  49 .60  383 395
(n=31)

N on-D U  25.75  27.31 188 203
(n=31)

% difference 46 .24  44 .93  50 .9  48 .6

t-value 6 .399 6 .746  10.187 8 .883
S S S S
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Figure 14.

THE RELATIONSHIP BETWEEN MAXIMAL GASTRIC SECRETION.

EXPRESSED IN FOUR DIFFERENT WAYS

FOR DU & NDU SUBTECTS

□  BAOpi 
H  MAOpi 
H  MAOpi.s
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Figure 15.

THE RELATIONSHIP BETWEEN MAXIMAL GASTRIC SECRETION.

EXPRESSED IN FOUR DIFFERENT WAYS

FOR DU & NDU SUBTECTS

□ Vgbaspl
Vgmaxpl
Vgm axpl.s
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Table 33.

THE RELATIONSHIP BETWEEN MAXIMAL GASTRIC SECRETION.

EXPRESSED IN FOUR DIFFERENT WAYS

FOR H  P Y L O R I  POSITIVE & NEGATIVE SUBTECTS

Group MAOpi MAOpi.s Vgm axpl Vgmaxpl.s
m m ol h*1 m m ol h"1 m l h _1 m l h _1

HP neg.
(n=21 )

39.68 42 .13 323 339

HP pos.
(n=21 )

34 .34 36 .58 267 274

% difference 13.45 13.17 17.3 19.1

t-value 1.578
NS

1.213
NS

1.654
NS

1.7
NS

Wilcoxon 
ra n k  sum 738

NS
743
NS

751
NS

774
S
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Figure 16.

THE RELATIONSHIP BETWEEN MAXIMAL ACID OUTPUT. EXPRESSED

IN FOUR DIFFERENT WAYS

FOR H PYLO RI  POSITIVE & NEGATIVE SUBTECTS
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Figure 17.

THE RELATIONSHIP BETWEEN MAXIMAL GASTRIC SECRETION.

EXPRESSED IN FOUR DIFFERENT WAYS

FOR H  PYLO RI  POSITIVE & NEGATIVE SUBTECTS

□  Vgbaspl 
I I  Vgmaxpl 
M  Vgmaxpl.s
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Table 35.

THE RELATIONSHIP BETWEEN MAXIMAL GASTRIC SECRETION.

EXPRESSED IN FOUR DIFFERENT WAYS

FOR H  P Y L O R I  POSITIVE & NEGATIVE DU SUBTECTS

HP(+)
n =21

HP(-)
n =10

% R eduction

t-value

W ilcoxon 
ra n k  su m

MAOpi
m m ol h 1 
m ean  
(sd)

45.28
(15.12)

53.41
(13.75)

15.0

1.439
NS

182
NS

m m ol h -1 
m ean  
(sd)

47 .82
(14.08)

53.35
(14.94)

10.3

1.003
NS

194
NS

V gm ax
m l h 1 
m ean  
(sd)

361
(68)

429
(79)

15.8

2 .463
S

202
S

v &max.s
m l h 1 
m ean  
(sd)

374
(73)

439
( 100)

14.8

2 .340
S

206
S
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Figure 18.

THE RELATIONSHIP BETWEEN MAXIMAL ACID OUTPUT.

EXPRESSED IN FOUR DIFFERENT WAYS

FOR H  PYLO RI  POSITIVE & NEGATIVE DU SUBTECTS

□  MAOpi
M  MAOpi.s
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Figure 19.

THE RELATIONSHIP BETWEEN MAXIMAL GASTRIC SECRETION,

EXPRESSED IN FOUR DIFFERENT WAYS

FOR H  PY LO RI  POSITIVE & NEGATIVE DU SUBTECTS

□  Vgmaxpl 
M  Vgmaxpl.s
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Table 36.

THE RELATIONSHIP BETWEEN MAXIMAL GASTRIC SECRETION.

EXPRESSED IN FOUR DIFFERENT WAYS

FOR H  PY L O R I POSITIVE & NEGATIVE NUD SUBTECTS

MAOpi Vgm axp i Vgm az p i 'S
m m ol h 1 mmol h 1 m l h 1 m l h -
m ean  m ean  m ean  m ean
(sd) (sd) (sd) (sd)

HP(+) 22 .86
n=20 (10.90)

HP(-) 31.01
n = l 1 (12 .86 )

% R eduction 26.2

t-value 1.861
NS

Wilcoxon
ra n k  su m  229

S

24.77  168 188
(11.67) (75) (74)

31.92  225 230
(10.11) (51) (46)

22.3  25 .3  18.2

1.706 2.231 2.401
NS S S

221 219 266
S S S
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Figure 20.

THE RELATIONSHIP BETWEEN MAXIMAL ACID OUTPUT.

EXPRESSED IN FOUR DIFFERENT WAYS

FOR H  PYLO RI  POSITIVE & NEGATIVE NUD SUBTECTS
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Figure 21.

THE RELATIONSHIP BETWEEN MAXIMAL GASTRIC SECRETION.

EXPRESSED IN FOUR DIFFERENT WAYS

FOR H  PYLO RI  POSIHVE & NEGATIVE NUD SUBTECTS
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Table 37.

Helicobacter pylori Negative Patients

Kendall's rank correlation (x) 

(with Smoking Factor)

MAOpi MAOpi.s Vgmaxpl Vgmaxpi>s
(sd) (sd) (sd) (sd)

DU 53 .41  5 3 .3 5  4 2 9  4 3 9
n = 1 0  (13 .75 ) (14 .94 ) (79 ) (1 0 0 )

(x=0.198,ns) (x=0.188,ns) (x=0.288,s) (x=0.301,s)

non-DU 31 .01  3 1 .9 2  2 2 5  2 3 0
n = l  1 (12 .86 ) (10 .11 ) (51 ) (46 )

(x=0.303,ns) (x=0.361,ns) (x=0.410,s) (x=0.441,s)
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Table 38.

FOLLOW-UP OF SUBTECTS 
(who underwent Gastric Secretion Test)

CONTROL ACG ACG
no ulcer or ACG only w ith  DU

(H pylori (H  pylori (H  pylori
negative) positive) positive)

GSS Done 11 20  21

PU attended

4 -6  W eeks * 20  20

8 -1 2  W eeks * 17 21

2 4 -2 6  W eeks 10 19 19

5 2 -6 0  W eeks 8 18 19

DU 
no ACG

(H pylori 
negative)

10

9

10 

9

* sub jec ts  were n o t invited for endoscopy for th a t  period.



Figure 22.

THE RISK CURVE OF DUODENAL ULCER 

IN RELATION TO MAXIMAL GASTRIC SECRETION 

& THE DISTRIBUTION OF H PYLORI POSITIVE & 

NEGATIVE DU SUBTECTS)
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Figure 23.

THE RISK CURVE OF DUODENAL ULCER 

IN RELATION TO MAXIMAL GASTRIC SECRETION 

& THE DISTRIBUTION OF H PYLORI POSITIVE & 

NEGATIVE DU SUBTECTS)

(after the Vgmaxpl.s of H pylori positive DU subjects was raised by 17%)
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Figure 24.
THE CHART SHOWS THE TREATMENT RESPONSE OF

HEUCOBACTER PYLORI NEGATIVE - DUODENAL ULCER SUBTECTS.
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Figure 25.

THE CHART SHOWS THE TREATMENT RESPONSE OF

HEUCOBACTER PYLORI NEGATIVE - DUODENAL ULCER SUBTECTS.
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5. DISCUSSION

The d iscussion  of th is  th es is  will be  p resen ted  u n d e r  the  
headings: in troduction , sub jects, m ethods an d  re su lts .

5.1 In troduction

D uodenal u lcers are  strongly linked to th e  level of 
gastric  acid o u tp u t, b u t  the  recen t iso lation of th e  sp ira l gastric  
b ac te rium  Helicobacter pylori (W arren an d  M arshall 1983) h a s  
led to a n  explosion of worldwide resea rch  an d  th e  c u rre n t d a ta  
have been  in te rp re ted  a s  strongly suggesting  th a t  H  pylori is the  
causative  agen t for DU (M arshall, McGehie, Rogers e t al 1985, 
R auw s, Langenberg, H outhoff et al, 1988 and  Goodwin, M arshall, 
Blincow e t al 1988)). However, the  available re su lts  a re  
inconclusive and  som etim es conflicting. Those w ho accep t th e  
evidence for a  causa l rela tionsh ip  have sp e n t considerable effort 
on exploring the  m echan ism  by w hich the  organism  m ight 
p roduce  the  ulcer. At p resen t there  are  2 p o p u lar hypo theses:
(i) p a tien ts  w ith  hypersecretion  of acid an d  /  or rap id  g a ts tric  
em ptying w ith an  increased  acid load in  the  d u o denum  get 
gastric  m etap lasia  w hich encourages colonisation of th e  
duodenum  w ith  H  pylori and  p roduces duoden itis  of th e  
duodenum  and  finally an  u lcer (Wyatt, R athbone, Dixon e t al 1987 
an d  Goodwin 1988), and  (ii) p a tien ts  w ith  a n tra l infection w ith  
th e  organism  have a n  a n tra l m ilieu w hich  is less acid th a n  u su a l, 
b ecau se  th e  u rea -sp litting  activity of the  organism  re su lts  in  
production  ofam m onia. The relative a n tra l hypoacidity
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stim u la te s  th e  secretion  of gastrin  w hich re su lts  in  a n  increased  
o u tp u t of acid (Levi, H addad, B eardshall e t al 1989) in  w h a t w ould 
otherw ise be subm axim al secretory  c ircum stances, an d  in  th e  
long term  a n  increase  in  parie ta l cell m ass.

If b o th  hypo theses a re  p u t together, it ap p ea rs  th a t  
H  pylori infection cau ses a n  inappropria te  secretion  of g a s trin  
w hich  in  tu rn  leads to hypersecretion  of gastric  acid; th is  c rea te s  
a  low duodenal pH, re su lts  in  gastric  m etap lasia  in  th e  d u o d en u m  
an d  perm its the  H  pylori to colonise th is  a rea  of gastric  
m etap lasia  leading to duodenitis an d  th e n  to  DU. It m u s t be 
s tre ssed  th a t  bo th  these  hypotheses require  increased  acid 
delivery to the  duodenum , e ither due to an  increased  parie ta l cell 
m ass  or to increased  gastric  em ptying. However, th e  evidence 
ab o u t the  rela tionsh ip  betw een the  p resence  of th e  o rganism  an d  
e ither acid secretion  or gastric  em ptying is conflicting an d  will 
be  d iscussed  later.

The aim  of the  s tu d y  w as to investigate w h e th er th ere  
w as any  link  betw een H  pylori infection of the  a n tru m  an d  th e  
capacity  of the  stom ach  to secrete acid w hen  m axim ally 
stim u la ted . At the  sam e tim e it w as felt im portan t to explore th e  
incidence of the  organism  in DU p a tien ts  an d  in  a  co n trastin g  
group. The c losest control appeared  to be dyspeptic p a tien ts  
w ithou t a  DU an d  indeed w ithou t any  endoscopic evidence of 
d isease, th a t  is non  - u lcer dyspepsia  or NUD. D uring  th e  period 
of s tu d y  m any  o ther p a tien ts  underw en t endoscopy a n d  w ere 
found to have lesions o ther th a n  DU; th e  opportun ity  w as 
therefore tak en  to define the  incidence of H  pylori in  su c h  
pa tien ts . For reaso n s w hich becam e evident du ring  th e  s tudy , 
th is  group of p a tien ts  h a s  been  subdivided into reflux 
oesophagitis an d  o ther m iscellaneous condition.
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5.2 Subjects:

The sub jec ts  in  th is  s tu d y  consisted  of p a tien ts  w ith  
dyspepsia , w ho were referred to the  D epartm en t of 
G astroenterology for oesophagogastro- duodenoscopy. The type 
of p a tien ts  w ith  dyspepsia  referred to gastro in testina l 
d ep artm en ts  h a s  changed. In the  p ast, especially  w ith  the  

w ide-spread  u se  of H2-receptor an tagon ists , p a tien ts  w ere u su a lly  

referred only if the  trea tm en t h ad  failed or re lapse  h a d  occurred . 
In o ther w ords, they  w ere a  selected group w ith  severe 
sym ptom s an d  n o t necessarily  represen ta tive  of the  m ajority  of 
p a tien ts  w ith  dyspepsia  in  the  com m unity. However, du rin g  th e  
period of th is  study , and  p resum ab ly  b ecau se  of the  greatly  
increased  availability of endoscopic services, m any  of th e  referred  
p a tien ts  h ad  relatively mild sym ptom s. T h u s th e  sub jec ts  
s tud ied  have probably  rep resen ted  a  good sam ple  of th e  p a tien ts  
w ith  dyspepsia  in  the  population.

T his investigation s ta rted  w ith  the  hypo thesis th a t  
H  pylori is a  causative  agen t for DU. It w as therefore n ecessa ry  
to determ ine the  incidence of the  organism  in  th e  DU group  a n d  
in  a  c o n tra s t or control group. The c losest control w as the  
group  of p a tien ts  w ith dyspepsia  w ho h ad  no organic lesion, th a t  
is NUD. O ther organic lesions m ight them selves have been  
assoc iated  w ith  H  pylori and  it w as n ecessa ry  to exclude them .
At first I therefore h ad  3 groups: DU, NUD an d  m iscellaneous 
findings. However, du ring  the  analysis of th e  re su lts  it becam e 
clear th a t  p a tien ts  w ith  oesophagitis shou ld  be segregated a s  a  
sep ara te  group and  so th e  re su lts  have been  p resen ted  in  te rm s 
of 4  groups.
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In th is  s tu d y  dyspepsia  w as defined a s  chron ic  or 
rec u rren t u p p e r abdom inal pa in  of a t lea s t 6  m o n th s ' du ra tion , 
w ith  or w ithou t n a u se a  and  n o t necessarily  rela ted  to m eals. 
D uodenal u lcer sub jec ts  were those  w ith  endoscopic evidence in 
th e  duodenum  of a  chronic ulcer, including  the  sc a r  of a  healed  
u lcer. O esophagitis sub jec ts  were those  w ith  m acroscopic 
inflam m atory  changes in  the  lower end of oesophagus an d  in  
w hom  biopsy an d  m icroscopy h ad  failed to show  any  evidence of 
m alignancy. Sub jects w ith  m iscellaneous findings included  
p a tien ts  w ith  m alignan t lesions in  the  oesophagus an d  stom ach , 
oesophageal varices and  gastric  u lcer, erosion, polyp or 
d iverticulum . Non Ulcer D yspepsia su b jec ts  were those  w ith  no 
(m acroscopic) organic lesions noted endoscopically.

5 .3  M ethods

5.3.1 Endoscopy:

The 252 endoscopy exam inations w ere carried  o u t w ith  
th e  help of a n  experienced endoscopist. The m odem  narrow  
a n d  flexible GIF-XQ 20 gastroscope w as easy  to u se  an d  m y 
findings of m acroscopic lesions (51%) in  consecutive endoscopy 
exam inations were no different from o th er m ajor cen tres (Jiang, 
Liu, Z hang e t al 1987). This elim inated an y  b ias aris ing  from  
inexperience and  the  failure to identify m acroscopic lesions.
The endoscope w as disinfected according to th e  H ealth  A uthority  
policy an d  th ere  w as no evidence th a t  infection w as ever p assed  
on  to th e  su b seq u e n t sub jects.
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D uodenal u lcer w as no ted  in  76 (30% of to ta l 252) 
sub jec ts , oesophagitis w as diagnosed in  30  (12%) sub jects, th e re  
w ere m iscellaneous findings in 23 (9%) an d  in  123 (49%) no 
m acroscopic lesions were identified (Table 1 & Fig. 1).

5 .3 .2  Microbiology:

It w as accepted th a t  the  d istribu tion  of H  pylori w as 
p a tch y  in  th e  gastric  a n tru m  and  hence 3 specim ens (biopsies) 
w ere tak e n  random ly from the  a n tru m  for 3 sep ara te  te s ts  to 
identify th e  H  py lo ri

The C P-urease te s t u sed  in  th is  s tu d y  w as invented  by  
th e  D epartm en t of Microbiology of The M iddlesex H ospital 
M edical School (Vaira, Holton, C airns e t al 1988). T his te s t  h a s  
been  com pared  w ith o ther u rease  te s ts  and  found to yield re su lts  
co n sis ten t w ith  those  tes ts . Moreover, it h a s  been  show n th a t  its 
sensitiv ity  in  com parison  w ith m ore powerful te s ts  like cu ltu re  
an d  histology is equally a s  good as  o ther u rease  te s ts  (Vaira, 
Holton, Falzon et al 1988). In th is  s tu d y  th e  C P -urease te s t  h ad  a  
sensitiv ity  of 91.2% , specificity of 100%, an d  accu racy  of 94.4%  
w ith  a  positive predictive value of 100% an d  a  negative predictive 
value of 86.9%  (Tables 2 & 7). These re su lts  were also sim ilar to 
o th e r s tu d ies  (Vaira, Holton, Falzon et al 1988, Arvind, Cook, 
T abaqchali e t al 1988).

The microbiological cu ltu re  s tu d y  w as perform ed n o t by 
m e b u t  by a n  experienced senior sta ff m em ber of the  Dept, of 
Microbiology. The blood agar m edium  w ith  6m g /m l of 
am photeric in  w as u sed  for cu ltu re  and  th e  re su lts  h ad  a  
sensitiv ity  of 96.2% , specificity of 98.9% , an d  accu racy  of 97.2%  
w ith  a  positive predictive value of 99.4%  an d  a  negative
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predictive value of 93.9%  (Tables 3 & 7). T hese re su lts  w ere 
com parab le  to the  re su lts  o ther investigators ( Tytgat, R auw s, 
L angenberg 1986).

The h istopathology stu d ies  w ere also  n o t perform ed by 
m e b u t  by  an o th e r sen ior m em ber of the  Dept, of H istopathology. 
M ultiple c u ts  of the  specim en were u sed  an d  G iem sa sta in in g  
perform ed to identify H  pylo ri  Sections w ere s ta in ed  w ith  
haem otoxylin  an d  eosin  to detect th e  ACG. The identification of 
H  pylori re su lts  h ad  a  sensitivity  of 94.9% , specificity of 97.8% , 
a n d  accu racy  of 96.0%  w ith a  positive predictive value of 98.7%  
a n d  a  negative predictive value of 91.9%  (Tables 4  & 7). T hese 
re su lts  were sim ilar to o ther s tu d ies  (Montgomery, M artin  an d  
P eu ra  1988).

It w as no ted  th a t  ACG w as p resen t in  all specim ens 
w here H  pylori w as identified (Tables 5 & 9). T hough m any  
factors influence (as described in C hap ter 2) the  isolation of H  
pylo ri in  th is  s tu d y  it w as noted th a t  H  pylori w as identified by 
a t  lea s t 2 te s ts  and  alw ays associated  w ith  ACG. S ub jects who 
w ere C P-urease positive were positive by  microbiology an d  /  or 
cu ltu re .

The percentage incidences of a  positive C P-urease  te s t 
in  DU, oesophagitis, sub jec ts  w ith  m iscellaneous findings an d  
NUD were 64, 28, 57 and  61 respectively and  th e  incidences of 
H  pylori a fter consideration  of all m ethods w ere 70, 30, 61 and  
67  respectively (Table 8). The la tte r  four re su lts  were sim ilar to 
those  found in  o ther clinics. The ra tio s of C P-urease positive and  
H  pylori positive sub jec ts  were sim ilar in  all four g roups an d  
sim ilar to those  found by o thers investigators. The su m  of all 
th is  evidence su p p o rts  the  accuracy  of th e  m icrobiology te s ts .
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5.3 .3 Selection of sub jec ts  for G astric  Secretion Test.

The p a tien ts  I stud ied  by  gastric  secretion  te s ts  w ere 
less th a n  h a lf  of the  to ta l n u m b er undergoing  endoscopy. It w as 
im p o rtan t therefore to consider the  possib ility  th a t  th e  selection 
for secretion  s tu d ies  w as in  som e w ay b iased .

At th e  tim e of inviting the  sub jec ts  for gastric  secretion  
te s ts , only the  re su lts  of the  C P-urease te s t were available. 
However, the  re su lts  of the  o ther te s ts  for H  pylori becam e 
available la te r and  u sua lly  after the  gastric  secretion  te s t h a d  been  
perform ed.

Sixty (30%) of the  199 DU and  NUD su b jec ts  were 
excluded because  of the  criteria  (C hapter 4) previously described. 
The rem ain ing  139 (70%) sub jec ts  (46 of DU and  93  of NUD) 

w ere app roached  for gastric  secretion  tes ts .

The ra tios of C P-urease positive an d  negative sub jec ts  
w ere sim ilar in  the  76 DU (4 9 /2 7  or 64% - 36%) and  in  th e  123 
NUD (7 5 /4 8  or 60% - 40%); in those  w ho were approached  for a  
gastric  secretion  te s t (DU: 2 6 /2 0  or 56% - 44% an d  NUD: 5 1 /4 2  
or 55% - 45%), and  in those who a ttended  for th e  gastric  
secretion  te s t (DU: 1 8 /1 3  or 58% - 42%  an d  NUD: 1 9 /1 2  or 61%
- 39%). It w as in te resting  to note how  sim ilar the  proportion  of 
H  pylori infected sub jec ts  rem ained  in th e  2 groups (DU: 2 1 /1 0  
or 68% - 32%  and  NUD: 2 0 /1 1  or 65% - 35%) a t all th e  s tag es of 
th e  selection process (Table 8 & Fig. 3). T hus there  w as no 
evidence of b ias, e ither in  the  selection of p a tien ts  for the  gastric  
secretion  te s t or in  those  who a ttended  for the  gastric  secretion  
tes t. However, it w as also in te resting  th a t  DU su b jec ts  w ere 
m ore likely to a tten d  the  gastric  secretion  te s t th a n  NUD
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sub jec ts . T hough 93 NUD pa tien ts , nearly  twice the  DU (46), 
w ere approached , only equal n u m b ers  of p a tien ts  (31) from  each  
group  a ttended  the  gastric  secretion  te s t  (Fig. 3). T his 
difference in  the  ratio  a ttend ing  w as possibly  due  to th e  fact th a t  
th e  DU p a tien ts  h ad  the  knowledge th a t  a  se rious d isease  h a d  
been  d iagnosed an d  th is  m ade them  m ore likely to vo lun teer for 
fu rth e r  investigation th a n  the  NUD p a tien ts  w ho h a d  been  
rea ssu red  th a t  no serious organic d isease  h a d  been  found.

5 .3 .4  G astric  Secretion Test.

Only 62 sub jec ts  a ttended  for the  gastric  secre tion  te s t 
an d  a  careful detailed recording of each  p a tien t's  age, sm oking 
history , he igh t and  w eight w as kept. For sm oking h isto ry , the  
m axim um  period of sm oking and  s ta ted  average ra te  of sm oking 
p e r day  w as used . All non-sm okers in  th is  s tu d y  confirm ed th a t  
they  h ad  been  life-long non-sm okers. S ub jects m ay u n d e rs ta te  
th e ir  cigarette consum ption  or deny being sm okers for fear of 
disapproval; th u s  in  the  m ain  it h ad  to be tak e n  on t ru s t  th a t  the  
su b jec ts  h ad  told the  tru th .

The m ethod of stim u la ting  m axim al gastric  secretion  
w as a t  variance w ith com m on practice, the  m ost p o p u lar 
stim u la to ry  m ethod being th a t  of a  single bo lus of p en tag as trin . 
The m ethod u sed  in  th is  s tu d y  w as th a t  of Lawrie, S m ith  a n d  
F o rrest (1964) and  modified by  W hitfield an d  Hobsley (1979): a  
con tin u o u s in travenous infusion of h istam ine, w ith  th e  u se  of an  
an ti-h is tam in e  to reduce  the  side effects. The infusion  w as 
con tinued  long enough to p roduce a  relatively stab le  period to 
select a  p la teau . The p la teau  w as preferable to a  p eak  response
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for th is  reaso n  of g rea ter stability, and  also b ecau se  it facilitated 
th e  detection  of, an d  correction for, seq u estra tio n  an d  poor 
asp ira tion . H istam ine w as u sed  since it does n o t have a  'fade' 
effect a s  h a d  been  found w ith  p en tag as trin  (Aubrey 1970 a n d  
E m as an d  Svensson, 1972).

As expected, exogenous h istam ine  increased  acid o u tp u t 
in  all sub jec ts. The m axim al gastric  secretion  w as expressed  in  

4  different w ays, nam ely  m axim al acid o u tp u t (mmol h 1, MAOpi), 

m axim al acid o u tp u t stan d ard ised  for a  he igh t of 170 cm  

(MAOspl), volum e corrected for pyloric loss and  duodenogastric  

reflux (ml I r 1, Vgmax) and  volum e corrected for pyloric loss an d  

duodenogastric  reflux and  stan d ard ised  for he igh t of 170 cm  

(Vgsmax). T he Vgsmax. is theoretically  th e  m ost accu ra te  index  

a n d  evidence to em phasise  th is  po in t will be  show n later.

In  th is  s tu d y  th e  m ean  secretion  of gastric  acid  in  DU 
su b jec ts  w as g rea ter th a n  in non-DU sub jects, and  co n sis ten t 
w ith  o ther pub lished  reports. However, it is im p o rtan t to 
em phasise  th a t  the  gastric  secretion  increased  a s  th e  index  of 
sm oking (SMF) increased  (Table 38). This positive correlation  
w as found only in the  H  pylori negative sub jec ts  an d  it w as 
clearly  p re sen t despite  the  sm all n u m b er of indiv iduals in  th is  H  
pylori negative group. This finding a ttes ted  to the  sensitiv ity  of 
th e  gastric  secretion  stud ies. Sim ilar findings in  o th er s tu d ies  
have required  m uch  larger g roups (Whitfield and  Hobsley 1985 & 
1987).
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5 .4  Results

5.4.1 D iagnosis

O esophagogastroduodenoscopy w as done on  100 m ale 
a n d  152 fem ale sub jects. Thirtynine m ale an d  48 fem ale 
su b jec ts  h ad  a  DU; reflux oesophagitis w as no ted  in  13 m ale a n d  
17 fem ale sub jec ts  and  10 m ale an d  13 fem ale su b jec ts  h a d  
m iscellaneous findings; NUD w as diagnosed in  37 m ale a n d  75 
fem ale sub jects. There w as no difference betw een the  
d istribu tion  of sexes in  th e  four g roups (Table 13).

Sixty (60%) of the  m ale sub jec ts  an d  99 (65%) of the  
fem ale sub jec ts  were H  pylori positive and  th e re  w as no 
significant difference in  the  d istribu tion  of th e  o rgan ism s

betw een the  sexes (Table 14, %2 = 0 .196, p  > 0.06). T hese d a ta  

suggest th a t  there  is no gender predilection and  the  pub lished  
d a ta  of o thers confirm  th is  finding.

The m ean  age for NUD w as 52 years, for DU w as 46 
years, 56 years for oesophagitis and  54 years for those  sub jec ts  
w ho h ad  m iscellaneous findings (Table 17).

The incidence of H  pylori in  th is  s tu d y  increased  w ith  
age. The m ean  age for sub jec ts  w ith  H  pylori w as 54 an d  for 
su b jec ts  negative for H  pylori w as 40. E ighty-seven (55%) of th e  
159 H  pylori positive sub jec ts  an d  38 (41%) of the  H  pylori 
negative sub jec ts  were e ither 54 years or older. B u t 72 (45%) of 
th e  159 H  pylori positive sub jec ts  an d  55 (59%) of th e  H  pylori
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negative sub jec ts  were younger th a n  54 years. The differences in  
frequency of H  pylori positive an d  negative betw een th ese  2 age

groups w ere significant (Table 19, %2 = 9 .378 , p  < 0.0050).

However, it is in te resting  th a t  th e  p eak  incidence of 
H  pylori w as in  the  six th  decade and  there  w as a  decline a fte r 
th a t. T his w as suggested  by  eye w hen  a  polynom ial ra th e r  th a n  a  
s tra ig h t fit w as used . A sim ilar phenom enon  can  be seen  in  th e  
tab les of o ther w orkers (Barthel, W estblom , Havey e t al 1988, 
G raham , Klien, O pkun  e t al 1988, Al-Moagel, E vans, A bdulghani 
e t al 190) and  in  a  repo rt for a n  asym ptom atic  control popu lation  
(Cheng, B erm anski, S ilversm ith et al 1989). However, those  
a u th o rs , w ith  exception of Pretolani, Bonvicini, B rocchi e t al 
(1989), did n o t m ention  the  decline in incidence. In m y study , 
w ith  the  sm all n u m b er of sub jec ts  it w as n o t possible to show  any  
s ta tis tica l significance in  the  decline; b u t  com bining m y re su lts  
w ith  those  of o ther w orkers it m ay be reasonab le  to accep t th a t  
there  is one.

The sm oking h isto ry  w as available only for those  62 
su b jec ts  w ho underw en t a  gastric  secretion  test. T hirty  th ree  
(53%) of the  sub jec ts  were sm okers; 18 w ere m ale a n d  15 w ere 
fem ale sub jects. There were 11 (35%) sm okers in  th e  NUD 
group  and  22 (71%) sm okers in  th e  DU group. Am ong th e  41 H  
pylori positive sub jec ts  22 (54%) were sm okers an d  11 (52%) of 
th e  21 H  pylori negative sub jec ts  were sm okers. T here w as no 
significant difference in  the  d is tribu tion  of sm okers e ither 
betw een the  two sexes or betw een H  pylori positive or negative

su b jec ts  (Table 25, %2 -  0 .0780, p  > 0.4). B u t significantly  m ore 

of the  sub jec ts  in  the  DU group were sm okers w hen  com pared

w ith  NUD sub jec ts  (Table 24, %2 = 7 .839, p  < 0.010). T h u s  m y 

re su lts  confirm  th a t  sm oking is a  risk  factor for DU; it is
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in te res ting  th a t  the  d istribu tion  of DU betw een th e  two sexes in 
th e  W estern  population  now adays is nearly  the  sam e, p e rh ap s  
b ecau se  th e  n u m b er of sm okers am ong m en is declining w hile 
am ong w om en it h a s  been  increasing  over th e  la s t decade 
(K urata, Haile and  E lashoff 1985).

5 .4 .2  Acid ou tpu t.

5 .4 .2 .1  Effect of H  pylori on G astric Secretion.

The m axim al gastric  secretion  w as h igher in  sub jec ts  
w ith  DU th a n  in  NUD subjects, no m a tte r  how  secretion  w as 
expressed  (Table 33). This fact w as obvious even w ithou t any  
correction for pyloric loss and  duodenogastric  reflux or 
s ta n d ard isa tio n  for height. This is because  th e  difference w as so 
great. There w as also a  difference in  m axim al gastric  secretion  
betw een the  H  pylori positive and  negative sub jects, th e  form er 
secre ting  the  larger volume. It w as in te resting  th a t  th is  
difference becam e ap p aren t only w hen  th e  secretion  w as 
expressed  a s  he igh t-standard ised  Vg and  th e  s ta tis tica l te s t  u sed  
w as the  W ilcoxon ran k  sum  te s t (Tables 32-36). If correction  
and  s tan d ard isa tio n  had  n o t been  m ade and  a n  appropria te  
s ta tis tica l te s t had  no t been  used , th is  valuable inform ation  w ould 
have been  lost. The reduction  of gastric  secretion  assoc ia ted  
w ith  H  pylori suggests th a t  infection w ith  H  pylori m ay  be the  
cau se  for th e  reduction  of gastric  secretion  noted  in  elderly 
su b jec ts  (Baron 1969, H assan  and  Hobsley 1971).

In the  NUD sub jects the  gastric  secretion  w as 18-25%  
lower in  those  w ith  H  pylori com pared to those  w ithout, b u t
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again  th is  difference w as significant only w hen  expressed  in  Vg 
or he ig h t-s tan d ard ised  Vg. Among the  DU su b jec ts  the  
reduc tion  w as ab o u t 15% and  here  too, th e  significance becam e 
m an ifest only w hen  secretion  w as expressed  a s  Vg or 
h e ig h t-s tan d ard ised  Vg. This po in t again  illu s tra te s  th e  fac t th a t  
correction  h a d  to be done to avoid any  m isleading  conclusions.

In sm okers, a  positive correlation  betw een sm oking 
factor (SMF), th a t  is th e  square  root of th e  p ro d u c t of c igarettes 
sm oked p er day  and  n u m b er of years sm oked, an d  m axim al 
gastric  secretion  w as dem onstra ted  in  the  H  pylori negative 
p a tien ts  (both DU and  NUD groups) (Table 37) b u t  there  w as no 
correlation  betw een gastric  secretion  an d  sm oking in  the  
H  pylori positive sub jects. Again, the  correction w as n o t 
sta tistica lly  significant in  the  H  pylori negative group u n le ss  the  
corrections for collection e rro rs were m ade. The question  
arises, w hy w as there  no correlation betw een dose of sm oking 
and  m axim al secretion  in  H pylori positive sub jec ts?  Sm oking 
increases parie ta l cell m ass and  so the  m axim al gastric  secre tion  
b u t  H  pylori decreases the  secretion. T hese effects a re  iden tical 
in  DU an d  NUD sub jects. It is know n th a t  th ere  is a  positive 
correlation  betw een SMF and  m axim al gastric  secretion  in  all DU 
an d  control sub jec ts  (Whitfield and  Hobsley 1987). It is also  
know n from th is  p resen t s tu d y  th a t  H  pylori infection w as 
associated  w ith reduced  gastric  secretion. T hus, b o th  DU an d  
NUD sub jec ts  who sm oke and  have H  pylori infection are  su b jec t 
to 2 forces, the  one increasing  and  the  o ther reducing  the  
m axim al secretion. This coun terac tion  w ould seem  to explain 
w hy the  correlation is c lear-cu t in  th e  H  pylori negative group  
b u t n o t in  the  H  pylori positive sub jects. It seem s likely th a t  
th ese  two factors (sm oking an d  H  pylori) cancel each  o th er out, 
an d  the  link  w ith sm oking is lost in  the  H  pylori positive group.
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The re su lts  obtained  in  m y s tu d y  show  th a t  th e  DU 
su b jec ts  secrete  m ore acid w hen m axim ally secreted . This is in  
concordance w ith  o ther s tu d ies  w hich also show  th a t  m axim al 
(and m eal stim ulated) acid secretion  ra te s  w ere h igher in 
su b jec ts  w ith  DU th a n  in  norm al su b jec ts  (W ormsley an d  
G rossm an  1965, H assan  and  Hobsley 1971). The m ost 
im p o rtan t finding in  m y s tu d y  w as th a t  the  H  pylori is a ssoc ia ted  
w ith  reduced  gastric  secretion  w he ther th e  su b jec ts  h a d  DU o r 
not.

A review of the  lite ra tu re  ab o u t th e  effect of H  pylori on 
gastric  secretion  m u s t s ta r t  w ith  the  acu te  infection w ith  th e  
organism . It is a n  estab lished  fact th a t  th e  acu te  infection of th e  
stom ach  w ith  H  pylori leads to hypochlorhydria. T here w ere 
two in s tan ces  of epidem ic hypochlorhydria  (Ramsey, Carey, 
Peterson  et al 1979, Gledhill, Leicester, Addis e t al 1985) in  
sub jec ts  partic ipa ting  in the  gastric  secretion  stud ies . In  b o th  
in s tan ces  the  healthy  vo lun teers becam e rap id ly  an d  profoundly  
hypochlorhydric after a  tra n s ie n t illness w ith abdom inal p a in  and  
n a u sea . It w as th o u g h t th a t  an  unidentified  pathogen  h a d  been  
tran sm itted  by  the  con tam inated  pH electrode. T hese s tu d ies  
were carried  ou t before H  pylori w as identified by  W arren  a n d  
M arshall in  1983. (Gledhill, Leicester, Addis et al s tu d ied  th e  
gastric  secretion  in  vo lun teers in  1981/82). Later Peterson  e t al 
(1987) tested  the  se rum  sam ples tak en  d u ring  and  after th e  
illness in  sub jec ts  reported  by  R am sey (1979) and  found th e  
an tibody  titres  for H  pylori raised , suggesting  th a t  th e  organism  
played a  role in  the  epidem ic hypochlorhydria  due to gastritis .
In the  case  of Gledhill's s tu d y  the  gastric  b iopsies of th e  
vo lun teers subsequen tly  proved to con ta in  H  pylori The gastric  
secretion re tu rn ed  to n e a r norm al level w hen  the  infection w as 
cleared. There w as an o th e r case docum ented  (G raham , Alpert, 
Sm ith et al 1988) th a t iatrogenic H  pylori infection w as th e
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cau se  for hypochlorhydria  in  a  vo lun teer w ho u n d erw en t repeated  
gastric  analyses in  the  s tu d y  of gastric  ad ap ta tio n  to asp irin . 
F u rth e r  evidence w as provided by a  vo lun teer w ho ingested  
H  pylori (Morris an d  Nicholson 1987); th e  pH  rose  to  7 .6  on  the  
8 th  day  of ingestion  b u t  it h ad  re tu rn ed  to 1.6 by  th e  2 9 th  day. 
The infection persisted  in  a  chronic form  for m ore th a n  3 years 
a n d  it w ould have been  in te resting  to know  w h e th er th e  chronic 
s ta te  p roduced  its  own tendency  to hypoacidity, b u t  sad ly  the  
gastric  secretion  s tu d ies  were n o t carried  o u t in  the  chronic 
stage (Morris, Ali, Nicholson et al 1991).

So m u ch  for gastric  secretion  re su lts  for acu te  infection 
w ith  H  pylo ri It is im portan t to consider now  th e  re la tionsh ip  
betw een chronic infection w ith the  o rganism  an d  gastric  
secretion  in  sub jec ts  w ith  DU and  NUD. B arthel, W estblom , 
Havey et al (1988) stud ied  the  hydrogen ion concen tra tion  of the  
fasting  gastric  secretion  in  the  sub jec ts  w ith  an d  w ithou t H  pylori 
infection and  found th a t  vo lun teers w ithou t H pylori infection 
secre ted  significantly g rea ter am o u n ts  of hydrogen ion th a n  those  
w ith  H  pylori infection. M aximally s tim u la ted  acid secretion  in  
response  to p en tag as trin  or h istam ine  w as n o t u n d e rta k en  in 
th ese  stud ies. In Brazil, th e  incidence of H  pylori is very high 
an d  am ong th e  poor B razilians it is nearly  100%: a  s tu d y  show s 
th a t  asym ptom atic  B razilians w ith H  pylori w ere hypochlorhydric 
an d  20%  of them  were h istam ine-fast achlorhydric  (Braga, 
M arshall, M oreno e t al 1990). Furtherm ore , Peterson , B arnett, 
E vans e t al (1991) show ed th a t  norm al vo lun teers w ith  H  pylori 
infection had  significantly lower b a sa l acid o u tp u ts  th a n  volu teers 
w ithou t H  pylori infection. In all these  s tu d ies  th e  volum e of 
gastric  secretion  w as e ither no t m easu red  or n o t published ; 
however, they  confirm  m y finding th a t  NUD sub jec ts  w ith  H  
pylori infection secrete a  lesser am o u n t of gastric  ju ice  th a n  
NUD sub jec ts  w ithou t H  pylori infection.
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W ith regard  to gastric secretion  in  DU sub jects, a  
n u m b er of stu d ies  are  available. S teer (1984) found  th a t  there  
w as a  significant negative correlation betw een th e  to ta l n u m b er of 
b ac te ria  (Cam pylobacter - like organism s) an d  e ither th e  b a sa l 
acid  o u tp u t or the  m axim al acid o u tp u t after p en tag as trin  in  DU 
p a tien ts . O ne s tu d y  (Saeed, E vans J r ,  E vans e t al 1991) show ed 
th a t  in  Zollinger-Ellison syndrom e th e  H  pylori positive su b jec ts  
secre ted  less acid th a n  th e  negative sub jects; an d  it w as also 
reported  in an o th e r case th a t th e  DU in  a  Z-E syndrom e h ad  
healed  following a n  in te rcu rren t illness w ithou t any  a ltera tion  of 
th e  g astrin  level (W iersingh and  Tytgat 1977). No an tibod ies 
a g a in st p a rie ta l cells could be detected  n o r in farction  of th e  
gastrinom a docum ented . Again, in  these  s tu d ies  th e  gastric  
secretion  w as m easu red  in term s of acid o u tp u t ra th e r  th a n  in  
corrected volume; however these  s tu d ies  a re  in  concordance 
w ith  m y finding th a t  DU sub jects w ith  H  pylori secre te  less acid.

It m u s t be pointed ou t th a t  som e stu d ies  of infection 
w ith  H  pylori and  gastric  secretion have show n no c lear-cu t 
re la tionsh ip  betw een the  two. W agner, Gebel, Freise e t al (1990) 
found DU sub jec ts  irrespective of w he ther they  were H  pylori 
positive or negative h ad  lower pH th a n  p a tien ts  w ith  gastritis  or 
norm al healthy  sub jects; and  did n o t find an y  difference betw een 
H  pylori positive an d  negative DU sub jects. Brady, Hadfield, 
H yatt e t al (1988) found no consisten t correlation  betw een 
gastric  secretion  and  H  pylori in  DU sub jects. Again, in  bo th  
th ese  s tu d ies  the  acid o u tp u t w as m easu red  w ithou t correction 
for collection error or s tan d ard isa tio n  for s ta tu re ; m oreover, in  

B rady 's s tu d y  the  sub jec ts  were n o t stringen tly  advised to  stop  H2 

b lockers for a t least 72 h o u rs  p rio r to the  gastric  secre tion  test.
I am , therefore, n o t a ltogether su rp rised  th a t  these  s tu d ies  
show ed no consisten t findings.
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5.4 .2 .2  H  pylori and gastrin

Finally, there  is one s tudy  w hich  claim s th a t  DU su b jec ts  
w ith  H  pylori secrete  m ore acid th a n  those  free of infection 
(Levi, B eardshall, H addad et al 1989). It is p a rticu la r im p o rtan t 
to note th a t  th e ir m ethod of m easu ring  gastric  secre tion  is 
sim ilar to  m ine and  yet the resu lts  w ere con trasting . The reaso n  
for th is  I can n o t explain. However, in  m y s tu d y  th e  gastric  
secre tion  w as reduced  in the  p resence of H  pylori infection, n o t 
only in  th e  DU sub jec ts  b u t also in  the  NUD sub jec ts . T his 
finding suggests  th a t  the  phenom enon of reduction  of gastric  
secretion  is of w ider significance th a n  th a t  of a  link  w ith  the  
aetiology of DU.

Levi, B eardshall, H addad et al (1989) suggested  the  
'gastrin  link ' theory, th a t  is th a t the  p resence  of H  pylori induces 
a n  increased  b asa l gastrin  level and  an  increased  response  to 
food, thereby  producing  increased gastric  secretion  an d  
u ltim ately  increased  parietal cell m ass. A few s tu d ies  have 
reproduced  sim ilar resu lts  (Graham , O pekun, Lew e t al 1989 & 
1990, McColl, Fullarton , Nujumi e t al 1989). T hough 
erad ica tion  of H  pylori led to the  fall of the  gastrin  level to 
norm al, th e  acid secretion rem ained  u n changed  even a s  late  a s  7 
m o n th s  after eradication (McColl, F u llarton , C h itta ja lu  e t al 
1991). They p resum ed  th a t th is  reflected th e  need  for a  longer 
period of tim e to elapse before a  significant reduction  of p a rie ta l 
cell n u m b ers  occurs. Peters, Feldm an, W alsh e t al (1983) h ad  
show n th a t  there  would be an  increase  of se ru m  g astrin  in  
hea lth y  and  DU sub jects w hen the  a n tra l pH w as m ain ta ined  
betw een 6 .0  and  7.0. Also it is now know n th a t  prolonged 
a lkalin isa tion  of the  an tru m  produces an  exaggerated gastrin  
release  a s  seen  in pernicious anaem ia. M cGuin an d  T ru d eau  
(1973) recorded th a t  the  m ean  fasting  se ru m  gastrin  
concen tra tion  for DU sub jects did n o t differ from th a t  in  control
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su b jec ts  b u t  the  post-p rand ia l levels w ere significantly  g rea te r 
th a n  th o se  of the  control sub jects. A s tu d y  com prising  58 
p a tien ts  w ith  chronic DU and  91 no rm al su b jec ts  show ed th a t  
th e  b a sa l gastrin , b a sa l acid o u tp u t an d  m axim al acid  o u tp u t w ere 
h igher in  DU p a tien ts  com pared to  no rm al sub jec ts . B u t th e  
po st-p ran d ia l increases of g astrin  an d  gastric  secre tion  w ere 
sim ilar in  b o th  groups (Blair, Feldm an, B a rn e tt e t al 1987). 
M ontbriand, A pplem an, C otner e t al (1989) s tud ied  12 NUD 
su b jec ts  w ith  H  pylori infection and  also found no difference in  
gastric  acid secretion  before and  after th e  clearance of H  py lo ri 
However, in  none of these  stud ies w as acid secretion  m easu red  
w ith  all th e  corrections described in  th is  T hesis.

C hittajallu , N eithercut, M acD onald e t al (1991) stud ied  
th e  effect on p lasm a gastrin  of increasing  am m onia  p roduction  
w ith in  the  stom ach  by  infusing u re a  in  8 H  pylori positive DU 
sub jects. They found th a t  augm enting  th e  H  pylori am m onia  
p roduction  did no t cause  any  early change in  p lasm a  gastrin . 
W alsh ,R ichardson and  F ord tran  (1975) described  th a t  in  DU 
su b jec ts  there  w as a  defective inhib ition  of g astrin  release  by  a  
low in tragastric  pH. W yatt, R athbone, G reen e t al (1989) 
suggested  the  hypergastrinaem ia  induced  by  H  pylori w as a  
re su lt of inflam m atory response  s tim u la ted  by th e  o rgan ism s in  
th e  a n tra l m ucosa. Later, they  show ed th a t  se ru m  g astrin  w as 
h igher in  gastritis  p a tien ts  w ith  or w ithou t H  pylori th a n  in  
sub jec ts  w ith norm al m ucosa  and  w as sim ilar in  su b jec ts  w ith  H  
pylori w hether or n o t they  h ad  DU. A sym ptom atic su b jec ts  
infected w ith H  pylori (diagnosed by ELISA test) w ere found  to 
have h igher in tegrated  24 h o u r p lasm a g astrin  th a n  those  w ithou t 
H  pylori infection. B u t there  w as no significance difference in  
the  m ed ian  in tegrated  24 h o u r in tragastric  acidity  (Sm ith,
Pounder, Nwokolo et al 1990). Sim ilar re su lts  were rep roduced  
by G oldschm iedt, K arnes an d  Feldm an(1989) an d  Peterson , 
B arnett, E vans J r  e t al (1991). In the  th e  la s t th ree  s tu d ies
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H  pylori s ta tu s  w as assessed  by  serology an d  one shou ld  be 
c au tio u s  w hen  accepting  th is  finding b ecau se  ELISA te s t  will n o t 
de tec t th e  infection u n til th e  im m une reaction  h a s  tak e n  place 
an d  th e  titre  rem ains h igh  for a  period even after th e  erad ica tion  
of th e  H  p y lo r i . F urtherm ore, it is a  well know n fact th a t  se ru m  
g astrin  concen tra tions are  elevated in  p a tien ts  w ho have low acid 
levels due  e ither to pern ic ious anaem ia  or to vagotom y. Levi, 
B eardshall, H ddad e t al (1989) suggested  th a t  th e  ra ised  g astrin  
concen tra tion  w as a  p rim ary  phenom enon  due  to H  pylori b u t  I 
believe it is a  secondary  to the  dam age to th e  acid-secreting  cells 
by  H  pylori

The basic  principle of the  'gastrin  link ' theo ry  w as th a t  
th e  u rea se  of H  pylori sp lits the  u re a  to p roduce am m onia  an d  
th is  w ould produce a  m icroenvironm ent of elevated pH  w ith in  
th e  m u cu s  layer. In m y study, a p a r t from m easu rin g  hydrogen, 
sod ium  an d  chloride I also m easu red  th e  p o tass iu m  ion 
concen tra tion  and  found th a t  w as no significant difference 
betw een the  chloride ions and  the  su m  of cations in  th e  H  pylori 
positive an d  negative groups. One w ould have expected to  find a  
positive cation  difference in sub jec ts  w ith  H  pylori infection, b u t  
I did n o t find su ch  a  difference. The available d a ta  ab o u t the  
in tragastric  am m onia  levels w ith and  w ithou t H  pylori a re  
conflicting. A ndreica, D um itrascu , Suciu  e t al (1990) an d  Im ota, 
Shida, Yoshida et al (1990) show ed th a t  the  in trag astric  am m onia  
decreased  significantly after the  erad ica tion  of H  pylori b u t  Kato, 
Kano, Sato  et al (1990) stud ied  the  am m onia  levels in  H  pylori 
positive and  negative p a tien ts  and  found th a t  th e  p resence  of H  
pylori did n o t affect the  am m onia level in  gastric  ju ice . Lawson, 
Taylor, D resner et al (1990) found th a t  there  were no significant 
differences in  the  in tragastric  am m onia  levels of H  pylori 
infected sub jects w ith  different variety  of gastroduodenal 
diseases.
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The relative a n tra l hypoacidity  p roduced  by  H  pylori 
could fit th e  observed tendency  to hypergastrinaem ia , an d  in  th is  
respect, it is instructive  to com pare th e  effect of H  pylori w ith  
th a t  of acu te  cigarette sm oking, w hich sim ilarly  p roduces 
hypergastrinaem ia . However, chronic cigarette  sm oking gives 
rise  to a n  increased  parie ta l cell m ass  an d  h y p e ra c id ity . T his 
does n o t occur w ith H  pylori The reaso n  m ay be th a t  H  pylori 
p roduces its  hypoacidity  n o t only by  pharm acological (Cave a n d  
Vargas) b u t  also by  pathological effects (W iersinga an d  T ytgat 
1977 and  Defize, Goldie and  H u n t 1988). This suggestion  is 
sup p o rted  by  m y observation th a t  the  increase  in  m axim al gastric  
secretion  w ith  overall dose of c igarettes (SMF) w as dem onstrab le  
in  H  pylori negative sub jects, b u t  n o t in  H  pylori positive 
sub jec ts  (Table 37).

5 .4 .2 .3  H  pylori in  the  D uodenum

If H  pylori is the  final an d  im m ediate cau se  of DU it 
m u s t be found in the  duodenum . H  pylori is only able to 
colonise on the  gastric  type of epithelium .

The hypothesis proposed by  W yatt e t al (1989) w as 
based  on the  fact th a t  H  pylori can  colonise th e  gastric  type of 
epithelium  in the  duodenum , and  they  suggested  th a t  the  
p resence of the  organism  th en  led to duoden itis  and  u ltim ately  to 
DU. Jo h n so n , Reed and  Ali e t al (1986) and  W yatt, R athbone, 
Dixon et al (1987) observed H  pylori in  th e  duodenal b iopsies of 
92%  and  55% of p a tien ts  w ith  duodenitis. G astric  ep ithelium  is 
p resen t in  the  duodenum  e ither over a reas  of hetero topic gastric  
body type m ucosa  or as a  m etap lastic  change in  the  duodenal 
epithelium .
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However, th is  hypothesis is unlikely  to be tru e  in  th is  
very  sim ple form  b ecau se  there  is a  considerable  body of evidence 
ag a in s t it. F irstly, gastric  m etap lasia  is com m oner th a n  
h e te ro to p ia  a n d  is p re sen t in  u p  to 64%  of norm al ind iv iduals 
(K reuning, B osm an, K uiper e t al 1978) an d  h a s  been  correlated  
w ith  m axim al acid  o u tp u t (Wyatt, R athbone, Dixon e t al 1987). 
The occu rrence  of gastric  m etap lasia  in  th e  d u odenum  in 
su b je c ts  w ith  d uodenal u lcer ranges in  th e  lite ra tu re  from  
41-90%  (Fitzgibbons, Dooley, C ihen e t al 1988) b u t  it is n o t 
u n com m on  in  no rm al sub jec ts  in  w hom  the  prevalence ran g es 
from  22  -64%. T hese high prevalence ra te s  m ay be 
overestim ates resu ltin g  from inclusion  of b iopsies tak e n  from  the  
py loroduodenal tran s itio n  zone (W hitehead 1979). Secondly, a  
de ta iled  s tu d y  of 32 p a tien ts  by Ja m e s  (1964) concluded th a t  
'gastric ' ep ithelium  ap p ears  w hen th e  duodenal acidity  is h igh  
an d  it confers res is tan ce  to u lceration  ra th e r  th a n  p red isposing  
tow ards it. Thirdly, in  som e s tu d ies  it h a s  been  no ted  th a t  th e  
incidence of gastric  m etap lasia  in  th e  duodenum  of DU su b jec ts  
w as less th a n  8% (Gad 1989). Fourthly , there  have been  a  few 
rep o rts  w hich  show  th a t  in  Meckel's d iverticulum  the  
hetero top ic  gastric  epithelium  can  becom e inflam ed and  
som etim es p rogresses to u lcer in th e  absence  of H  p y lo r i .
Finally, "duodenitis" rem ains a  controversial entity. The 
definition of duoden itis  h a s  proved to be extrem ly difficult a n d  a  
sa tisfac to ry  definition is im possible. In a tsu ch i e t al s tu d ied  484 
p a tien ts  an d  found th e  frequency w as 7.2%  and  they  could n o t 
recognise an y  cases  of duodenitis w hich  advanced to DU. It is 
e stim ated  th a t  duoden itis  is 3-4 tim es com m on in  m ales th a n  
fem ales b u t  the  duodenal u lcer is nearly  of 1:1 ratio  (Johnsen , 
B em ersen , S trau m e e t al 1991). The incidence of H  pylori in  
duoden itis  (0-33%) is com paratively lower th a n  in  DU an d  DU 
healed  w ithou t any  im provem ent of th e  duodenitis. The 
presence  or absence  of duodenitis h a s  no effect on su b se q u e n t 
effect on relapse  (Pettengell, Spitael an d  Simjee 1985). The
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b a sa l acid o u tp u t of sub jec ts  w ith DU w as significantly  h igher th a n  
su b jec ts  w ith  duodenitis (Collen an d  Loebenberg 1989). T h u s it 
is un likely  th a t  duodenitis p rogresses to DU an d  it does n o t 
a p p ea r th a t  duodenitis an d  DU are  two different p a rts  of th e  sam e 
spectrum .

5 .4 .2 .4  H  pylori an d  gastric  em ptying

W yatt e t al believed th a t  developm ent of gastric  
m etap lasia  in  the  duodenum  requ ires a n  increased  load of acid 
delivered to the  duodenum , e ither by  rap id  em ptying or by  
n a tu ra lly  increased  gastric  secretion; th e  p resen t s tu d y  found no 
evidence for increased  acid ou tpu t, b u t  h a s  n o t ad d ressed  the  
su b jec t of gastric  em ptying.

One s tu d y  (Masci, Tosi, Colombo e t al 1990) h a d  show n 
th a t  there  w as no a ltera tion  in  the  gastric  em ptying in  H  pylori 
positive sub jec ts  com pared w ith H  pylori negative sub jec ts . B u t 
in  DU there  is an  increased  load of acid to d u o denum  (Roxburgh 
1990); he  show ed th a t  pyloric loss is proportional to th e  parie ta l 
cell m ass  b u t  dem onstra ted  th a t  it is n o t rela ted  to th e  p resence  
of DU as  su c h  b u t  only to increased  gastric  secretory  capacity.

5 .4 .2 .5  R isk curve and  Helicobacter pylori

I believe th a t  DU belongs to a  he terogeneous group of 
d isorders w ith m ultiple aetiological factors. Before th e  recen t
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in te re s t in  H  pylori, th e  s tra ig h t evidence for a n  aetiological 
factor w as th a t  for gastric  hyperacidity. My s tu d y  d em o n stra te s  
th a t  H  pylori is associated  n o t w ith  a n  increase  of m axim al 
gastric  secretion  b u t  w ith  a  decrease. U nder these  
c ircum stances, it is im possible to p o stu la te  a n  aetiological link  
betw een H  pylori an d  DU, th a t  ac ts  in  a  w ay th a t  involves 
hypersecretion  of acid.

There is, however, one w ay th a t  th e  hyposecretion  in  
assoc iation  w ith  H  pylori m ight be linked w ith  duodenal u lcer. 
H obsley an d  W hitfield (1987) u sed  th e  p roperties of G au ss ian  
d is trib u tio n  curves for the  control an d  DU population , to deduce 
a  r isk  curve w hich show ed th a t  a t low levels of secretion, factors 
o th er th a n  hyperacidity  m u s t play a  role in  the  aetiology of DU.
If H  pylori is a  factor in  the  pathogenesis of DU, one w ould 
expect to find th a t  DU sub jec ts  w ith  lower ra th e r  th a n  h igher 
secretion  ra te s  would have a  g rea ter ra th e r  th a n  a  lower 
incidence of H  pylori positivity.

At first the  re su lts  obtained  suggested  th a t  th is  
hypo thesis m ight be correct: it w as indeed th e  case  th a t  H  pylori 
positive DU negative p a tien ts  h ad  a  significantly lower gastric  
secretion  th a n  H  pylori negative pa tien ts . If one accep ts  th a t  
H  pylori is sum m ating  w ith m axim al gastric  secretion  to p roduce  
duodenal u lcer, th en  m y finding of low gastric  secretion  in  
H  pylori positive DU could fit very well w ith  th is  hypothesis. 
However, there  is no reason  w hy H  pylori is also assoc ia ted  w ith  
low gastric  secretion in NUD sub jects. In o th er w ords, it seem s 
likely th a t  there  is a  tru e  association  betw een H  pylori an d  
reduced  m axim al gastric  secretion, m anifest n o t only in  th e  DU 
b u t  also in  the  NUD subjects. T hus th e  sum m ation  hypo thesis 
can n o t be true.

In the  range of s tan d ard ised  Vg of 270-32  lm l there  w as 
an  overlap betw een th e  DU an d  NUD groups consisting  of 6 DU
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an d  6  NUD subjects. All 6 of the  DU, b u t  also 4 of th e  NUD, w ere 
H  pylori positive . Subdividing the  DU group in to  those  lying 
w ith in  th e  norm al range previously reported  from  th is  
departm en t, th a t  is below 425m l, and  those  lying above th is  
range an d  therefore sta tistically  hypersecreto rs, there  w ere 23 in  
th e  norm al range an d  8 hypersecretors. The H  pylori positive 
su b jec ts  were d istribu ted  a s  17 o u t of th e  23  in  th e  no rm al range 
(74%) an d  4 o u t of 8 in  the  hypersecreto rs (50%) (Fig. 22). T his 
difference is n o t significant. If one accep ts th a t  H  pylori 
reduces gastric  secretion  by 17% and  increases  the  secretion  
values of the  H  pylori positive DU p a tien ts  approxim ately  by 
17%, they  now  split as 11 hypersecreto rs an d  10 hyposecretors 
(Fig. 23). This em phasise  the  fact th a t  H  pylori is n o t 
apparen tly  sum m ating  w ith low gastric  secretion  to p roduce  a  
DU. The fact th a t  NUD sub jec ts  w ith  H  pylori do n o t have u lcers 
also lends su p p o rt to the  above view th a t  it is n o t a  risk  factor for 
th e  aetiology of DU.

The p a tien ts  in  the  DU an d  NUD groups w ho h ad  
overlapping gastric  secretion  show ed no evidence of any  
predilection of the  organism  for the  DU group. Again, th is  
a rgues ag a in st a n  aetiological role for H  pylori b u t  I accep t th a t  
the  n u m b ers  were sm all.

5 .4 .2 .6  Is H  pylori associated  w ith  DU?

In m y stu d y  I found th a t  there  w as no significant 
difference in  the  d istribu tion  of H  pylori am ong th e  dyspeptic 
p a tien ts , except those  w ith  oesophagitis. M any investigators 
no ted  sim ilar incidences, b u t  m any  o thers found th a t  the  
incidence of H  pylori w as m ore th a n  90%  (even u p  to 100%) in  
DU.
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The incidence of DU in th e  Aborigines of N orth A utralia  
is v irtually  zero and  they  have a  very low incidence of H  pylori 
(Dwyer, S un , Kaldor e t al 1988). T his finding is co n sis ten t w ith  
th e  hypo thesis th a t  H  pylori is a n  im p o rtan t factor in  the  
pa thogenesis of DU. However the  incidence of H  pylori in  
South-W est Ind ians in  USA is approxim ately, 58% b u t  th e  
incidence of DU is very low an d  n o t one su b jec t h ad  a  DU in  th e  
53 cases  stud ied  (Gogel, Crook, M erlin e t al e t al 1989). Also it 
is no ted  th a t  in  the  closed com m unity  of m onks in  T ibet th e  DU 
incidence is very high (more th a n  3 tim es th a t  of developed 
countries) b u t  th a t  of H  pylori is sim ilar to th a t  in  th e  developed 
coun tries (Katelaris, T ippet, B ren n an  et al e t al 1991). Moreover, 
in  S o u th  A m erica and  in  developing coun tries, especially am ong 
people of low socio-econom ic s ta tu s  an d  in stitu tiona lised  
sub jects, the  incidence of H  pylori is very high, nearly  90%, b u t  
th e  incidence of DU is no h igher th a n  reported  in  th e  W estern  
coun tries. In Singapore /  M alaysia the  prevalence of DU in 
C hinese is g rea ter th a n  the  Ind ians (Ti 1983) b u t  the  prevalence 
of H  pylori infection is h igher in  Ind ians th a n  C hinese. Also, 
P a rsh u  (1975) noted th a t  Ind ians of Fiji appeared  to  have a  ra te  of 
DU a t  least twice th a t  in  ethnic  Fijians; b u t  Beg an d  co-w orkers 
(1988) have show n H  pylori is p re sen t w ith  equal frequency in  
bo th  Fijian and  Indian  p a tien ts  w ith  DU. T hese findings are  in  
sh a rp  c o n tra s t to Dwyer's finding.

Only a  sm all su b se t of ind iv iduals w ith  H  pylori g astritis  
develop DU. Som e epidemiological s tu d ies  show ed th a t  different 
e thn ic  groups living in  the  sam e a rea  have different ra te s  of 
prevalence of DU, even though  the  prevalence of H  pylori is th e  
sam e. O ther s tu d ies  show ed th a t  the  prevalence of DU is h igher 
in  som e races in  w hom  the  H  pylori infection ra te  is lesse r th a n  
an o th e r e thn ic  group in  w hom  the  prevalence ra te  of DU is less, 
in  spite  of the  fact they  live in  sam e area.
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The prevalence of H  pylori in creases  w ith  age b u t  DU is 
n o t p redom inan tly  a  d isease of the  elderly. DU is m ore com m on 
am ong th e  sm okers while the  prevalence ra te  of H  pylori is 
sim ilar betw een sm okers and  non  sm okers. H  pylori h a s  no 
gender predilection, an d  a t  first sigh t th is  fact fits neatly  w ith  th e  
p re se n t s itu a tio n  for DU w hich in  W estern  co un tries  show  little 
predilection  for gender. However, it shou ld  be recalled  th a t  DU 
u se d  to show  a  m arked  predilection for m ales an d  th e  recen t 
lowering of th e  im balance m ay well be assoc ia ted  w ith  th e  change 
in  sm oking h ab its  - fem ales now  sm oke a lm ost a s  com m only a s  
m ales. Indeed, in  coun tries w here fem ales do n o t sm oke the  
prevalence of DU am ong m ales is very h igh  even th o u g h  the  
prevalence of H  pylori is the  sam e in  b o th  sexes. Again, th ere  is 
a  s trong  association  betw een non-secre to r blood group  O an d  DU 
b u t  H  pylori w as found equally com m only in  secre to rs  an d  in 
non -secre to rs a s  well a s  in  each  of th e  blood g roups (M ohiuddin, 
R hodes and  R hodes (1989).

One s tu d y  w hich  followed up , for 12 to 28 m on ths, 
p a tien ts  w ith u n trea ted  ACG due to H  pylori found no 
sp o n tan eo u s d isappearance  of H  pylori n o r anyone w ho 
developed DU.

T hus, the  ability to d issociate betw een the  p resence  of H  
pylori an d  the  p resence of DU suggests th a t  H  pylori is n e ith e r a  
necessa ry  n o r a  sufficient factor in the  pa thogen isis of DU.

5 .4 .2 .7  H pylori and  T reatm ent, E rad ica tion  & R elapse

M any stu d ies  have show n bo th  th a t  u lcers  have healed  
even w hen  th e  H  pylori h ad  n o t been  cleared an d  th a t  u lcers h a d  
n o t healed  w hen  the  H  pylori h ad  been  erad ica ted  (C handra-M am
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1990, J ia , H u and  He 1990, W ang, Chen, J a n  e t al 1990). T h u s 
healing  of DU is n o t necessarily  influenced by  th e  p resence  of H  
p y lo ri My d a ta  are  co n sis ten t w ith  th ese  findings. T here is 
u su a lly  a  significant reduction  in H  pylori co lonisation after 
surg ical trea tm e n t and  u lcer healing  (Steer 1988). At th e  sam e 
tim e Petkaneshov, Mitova, Michova e t al (1990) show ed th a t  
proxim al gastric  vagotom y a s  well a s  tru n ca l vagotom y w ith  
pyloroplasty  do n o t influence the incidence ra te  of H  pylori 
gastritis .

Over the  la s t 7 years several s tu d ies  have show n th a t  th e  
re lapse  ra te  of DU is lower in  those initially trea ted  w ith  colloidal 
b ism u th  su b c itra te  (CBS) th a n  those  healed  w ith  H2 an tagon is ts . 
T his finding w as a ttrib u ted  to the  an tibac teria l effect of CBS, 
nevertheless one shou ld  b ea r in  m ind th a t  CBS h a s  m any  u lcer 
healing  p roperties w hich m ay be the  reaso n  th a t  p a tien ts  trea ted  
w ith  CBS have less recu rrence  of DU. Lately, w hen  th e  
an tib io tics w hich are bactericidal (m etronidazole, tetracycline, 
amoxycillin) to H  pylori were u sed  to tre a t DU, m any  
investigators found th a t  the  recu rrence  ra te  w as low if th e  H  
pylori w as eradicated.

It is difficult to be certa in  how  these  findings shou ld  be 
in terp reted . If on fu rth e r a sse ssm en t of th is  zone of conflicting 
evidence, it w as to be estab lished  th a t  the  recu rrence  ra te  of 
u lcers  healed  w ith  an tib io tics is lower th a n  th a t  of u lcers healed  

w ith, say, H2- an tagon ists , the  conclusion  will probably  have to be 

th a t  th e  phenom enon  is due n o t to the  effect of the  an tib io tics on  
H  pylori b u t  to som e effect th a t  p rom otes th e  healing  of th e  
ulcers.
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CONCLUSIONS
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6 CONCLUSIONS:

(a) H  pylori w as found in  the  a n tru m  of dyspeptic  
su b jec ts  w ith  the  sam e frequency w he ther th e  su b jec ts  h a d  a  
duodenal u lcer (DU) or no endoscopically d iagnosable lesion 
(NUD) or any  o ther d iagnosable lesions except reflux 
oesophagitis. It w as m u ch  less com m on in  sub jec ts  w ith  reflux 
oesophagitis.

(b) Sm oking w as com m oner in DU th a n  in  NUD.

(c) The average age of DU in  th is  s tu d y  w as less th a n  
th e  average age of sub jec ts  w ith H  pylori infection.

(d) The DU sub jec ts  secreted  m ore acid th a n  NUD
subjects.

(e) The p resence of H  pylori w as assoc iated  w ith  a  
sm aller m axim al gastric  secretion  in  bo th  DU an d  NUD groups.

(f) G astric secretion  s tu d ies  in w hich  corrections h ad  
been  m ade for pyloric loss an d  duodenogastric  reflux, an d  values 
h ad  been  s tan d ard ised  for height were less likely to m iss valuab le  
inform ation.

(g) There w as a  positive correlation  betw een sm okers 
an d  gastric  gastric  secretion  in H  pylori-negative sub jec ts , b u t  n o t 
in  H  pylori-positve sub jects.

(h) I have failed to find an y  link betw een H  pylori an d
DU.
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I accep t th a t m y s tu d y  p e rta in s  only to th e  duodenal 
u lce r group in  co n tra s t w ith  th e  group  in  w hom  no d isease  could 
be d iagnosed from endoscopic appearance. However, it is a  
po in t to note th a t  only 10% of the  popu lation  h a s  a n  absence  of 
dyspepsia , norm al endoscopic findings, an d  no m icroscopic 
abnorm alities (Johnsen  e t al 1991). This m akes it difficult to get 
adequa te  n u m b ers  of control sub jec ts  to perform  a  s tu d y  sim ilar 
to m ine; u n til su c h  tim e the  fascinating  saga  of Helicobacter 
pylori will continue.
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