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. Duodenogastric reflux has been implicated in the pathoqenesis
of gastric ulcer and postgastrectomy syndromes. Pyloric dysfunction,
iq;iopathic or post-_-surqlcal, is the postulated fundamental defect -.
allowmg reflux to occur. - This study evaluated human pyioric pressures,
quantitated bile reflux and qastric morpmloqic changes, and sought to

establish correlatlons between these factors.

- Q - - v (
. / Pyloric "pressure measurements were performed in tln normal human-

/éubjects using an infused catheter system. Duodenogastric reflux was

Lo 'ed J_n a separate qroup of 40 patients bv radionuclide injection

w’ rastric content analysis for vile.  The gastric fluid was collected.

x

‘fac111tate patients groupings for eorrelatlons

Mancmetric studies failed to demonstrate cons:.stently a zone of

,elevated pressure at the pylorus, either at rest or afte.r mtraduodenal

a01d mfusmns. Duodenoqastric reflux was demonstrated in four of 16

patients using radionuclide methods, and in 18 of 40 patients using’

<y

gastric content analys:Ls for bile. Gastritic soores mcreased s:.gnificantly
with age, as. did the 1nc:1dence of bile reflux. However, when matched for
aqe, a 51gnif1cant p051t1ve correlatlon per31sted between qastritis and

: _duodenoqastrlc reflux. Neither reflux nor gastritis could be oorrelated

with symptcms | . \



is

9

This study demonstrated in unoperated patients the“ same éssociationf“/

of duodenogastric reflux and gastritis as was dard:strated in qastr}d
ulcer\and pos't-—operative patients. This strengthens the proposed/ ]
-etiologlc role of refluxed duodenal content in effecting gastrlc m.:oosal

vi |
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: 3 To systematically examlne gastrlc muoosal morpholoqy in these

L |
¥

w1th duodenogastrlc reflux, ) 't the body of eVJ.dence comes fmm o

stud::es of postoperat:.ve Qr gastrlc uloer patlents. The purpose

'of tlus mvestlgatlon was to’ atterpt to- den‘onstrate thlS correlat:l.on
' m unoperated patients w;Lthout ulceratlon. Several pert.ment areas . ) X '

: were assessed pylorlc functlon, presence of reflux, and gastrlc ;

1. o measure pylor:.c pressure. .

2. To quantltabe duodenogastrlc reflux in symptanatlc unoperated

- patlents..

o

ES

: patlents

4. 'Do attenpt to correlate gastrlc morphologlc changes with dyjis

gastrlc reflux ‘and w1th symprtans

1
.
.
H
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. . . ~ - - ¢ E g o r
- PYIDRIC FUNCTION, DUCI)MASTRIC REFI'.LD( ANDJ GASTRITIS

N

(Introductlon) B o b

The ,role of bJ.le in the stcmach has been varlously regarded
as protectlve, ummportant or :Lnjurlous to the gastrlc mucosa The
questlon of bJ.le reflux has fecently :mc:.ted wxdespread interest,

extens:we speculation and diligent research This revian w111 discuss
]
the evolutlon of current theorles, the rol,e of the pylorus, methods

of - quantlflcatlon of duodenogastrlc reflux, and the effects of this

\

'reflux on the gastrJ.c mucosal barrler, and qastr:Lc hlstplogy ‘ 'Vv‘
N . , o \ '

N : ' : \

' ‘I. HISTORICAL PERSPmTIVE _ ’ \

The class:.cal studles an Beaumont8 J_n 1833 are Stll frequently e :

. quoted. The gastric content of \Aleuus st. Mart:m was ¢ _> ‘

through a gastrocutaneous fJ.stula. Beaumont found that' ile' was absent
in health and was "only present during violent - passion 02 ‘

antrum was J.rrltated w1th a tube, or when pressure was applied over the °
' -‘duodenum or. gal]bladder" HoNeVer, it was generally thought that |
“. reflux of alkalme substances served a protectlve functlon and played

~a role in regulatlng gastrlc ac1d1ty (Bold‘yreffl

‘vlshner@ 1015; Olch106, 1928)..

, 1914; chk and

It was noted that followrng gastrlc surgery or bile dlversion » ‘
there was a hlgh 1n01dence of stcmal uloeratlon, whlch was attrlbuted
to the local ‘absence of b:Lle and pancreatlc secretlons to neutralize ‘
gastric acid. Operatlve procedures a&ually attemptecf to fac111tate‘&

bile dramage into the stcmach. ‘ (Bralthwaltel_g; 1943) .

2% N



The introduction of 'vagotamy by Dragstedts‘l:.z around 1940, and -
the subsequent w1despread acceptance of thls procedure based on a
better’ understard/.l.ng of gastrn.c secretion brought serious doubts to
the theor:.zed protectlve role of. blle. Furthernore, ploneer studlesé »
by Du Ples;:l.s (1965) ) Capper (1967), and Siurala and. Tawastlzsl -
(1955) ourxi a much mcreased mcldence of gastr:.c bile in gastric
ulcer patients. than in normals or duodenal ulcer pat_l.ents. The stage

- was then set for the oppos:.ng v1ew -~ that bile was harmful to _gastrlc_‘
mucosa and an etiologic factor in gastric ulceratlon. "Ilhis'"'revolution-,-
ary thought stJ.mulated cllnlcal and laboratory mvestlgatlon. Techuical
advances hlstologlcal and blocham.cal analys:Ls. Nevertheless’,
arguments ooncernmg ‘the role of bile contmue due’ to the comple.uty
of the problan and the scmet:mes contradlctory results.

TG N

" II. THE PYIORUS: IS IT A SPH.NCTER? .  , -

v

The thickened muscular rmg located at the gastroduodenal junction
has the name, “pylorus" The questlon of whether or not 1t constltutes |

139

a true sph.mcter is Stlll open to debate. (Wmans ~y 1976)

A. Anatcm/lcal Ev1dence | '

| ‘To the anatianist'as well as the 'surgeon, the pylorus 1s -represented

by a deflnlte palpable loca.llzed thickening of the gastromtest:.nal |

tract at the narrowest portlcm of t\}%e gastric outlet. 'I'lus thlckened

| \ ‘area is circu.mferentlal, measures 1—2 cm in length, and impinges on.
the lumen There 1s defmlte asynmetry starting gradually on the
gastr:uc sxde, becan:mg progresswely th:Lcker and endmg abmptly on the

: dt:eodenal side. (’rozgersor1130, 1954) . These factors suggest that the

o

N



| -pylorus must play a role in the regulatlon of gastrlc enptylng, and ”
preventlon of dwdenogastrlc reflux, i.e. it has the gross, appearance
of a sph:mcter. 'I'o the erxdosc0plst the pylorus also is a def:mite

.. entity Ii@ls ldentlflable as a m;,ral ring causmg luminal narrming

and serving as a consmtent ]_andmark.

Histologically, ‘the pylorus is found to be the zone of trans:.tlon |

from gastric to duodenal mucosa, -and shows a very characteristw _
‘ muscular thJ.ckem.ng whlch develops gradually on the gastric side, and
v whlch ends abruptly on the ‘duodenal side, being separated from the |

‘cn_rcular muscle of the duodenum by a connectlve tiSSue septum or .
"pyloric bl ", The longltud_mal muscle coat of the. stcmach also
thlckens at the pylorus but much less so than the circular, and appears
to have partlal cont:unuty with the corresporxd:mg duodenal rmuscle
lager The mucosal trans:LtJ.on occurs more gradually in the same reglon
‘as the connective tissue septum, and is identified by the appearance of
duodenal or Brunner's glands These glands effect:wely anchor the '
duodenal \mucosa to the underlylng muscularls, makmg it much less mobile
than gastrlc mcosa. The gastrlc mucosa, because of 1ts moblllty,
could prolapse into the pylorlc rmg, and oe.rhaps act as a valve

(Chapnan , 1977)

Anatomlc evidence, therefore,
is a sph.mcter

B. Funct:Lonal E\rldence

In contrast to anatomical cor ideratlons, the funct.lonal ev:.dence | ‘.
- favouring the presence of a pylo ric sphJ.DCter is sur.prlsmgly weak.
» Mancmetrlcally, a sphnncter is a zone of tomcally elevated pressure

' \\

N\
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with precise eplsodes of open:l.ng, as for example the lower esophageal
' sph:mcter Attempts to measure pyloric pressure have met with lmu.ted
~ success. Five studles using the balloon in man and dog failed to

demonstrate a tonic contraction of the pyloric ridg (Whelan and

'I’hcmas]‘?’6 20,‘ 1940; Quigley et alnl
et al4, 1957;=Anderson and Gmssmanl, '1965) . However, by cambined use.

, 1920; Brody et al , 1942; Atkinson
of balloons and side-hole open tipped tubes, Brink et a1'® (1965) founa
a zone of hlgh pressure at the cahine gastroduodenal junction. ‘Similar
results were: obtamed by Isenberg and Csendes (1972) '

: Usz.ng the open—tlpped perfused catheter system, ‘Fisher .and (}ohen54

’ (1973) and FJ.sher Idpshutz ard Coheh (1973) , on normal human subjects
:i.n‘the right'decubitus position, denonstrated a basal elevated restmg -
‘ pylor1cpressureof3 8 + 0.3 mm Hg (mean:tSEM) Valenzuelaand
Zoworkers13 ‘used smu.lar methods and found pylorlc pressure to be about
10 mm of mercury Kaye, Mehta and Schowalter (1976) , using both a
, miniature transducer assambly and pe_rfused catheters, and with the sub-
ject supine ,: were unable to-denonstrate oonsistently a zone of tonica-lly
elevated pressure. Pandolfo et al 2 (1979) studied the human gastro-
duodenal Junctlon for prolonged perlods and concluded that the pylorus
was not tonlc in the restJ.ng state, but _they were able to denonst.rate ~

a zone of elevated pressure after duodenal ac1d1f1cat10n.

T’he oonflicting results may be.due to dlfferent methodologies.
Var:.ous tube and balloon assanblles may not be equally sultable, altl'nugh
.‘ tube dlameters were very similar. Furthermore, the position of the

subject,. whether supine or r:Lght ‘lateral decubltus, probably alters

\ ' ,
LI E @



 the anatom:.c configura'tion of the gastroduodenajxl r,eg’ion., es argued
by Kaye et a1’® (1976), thereby giving divergent results. Fﬁmlly,

the methods of analysxs Qf the results varied ‘thereby leading to
."dlfferent conclus:.ons based on simn.lar recordings.

Sanewhat more cmmmmg and more interesting is the finding that
the pylorlc 1on ‘reacts to exogenous drugs and hormones, and to
endogenous hormones The C-terminal octopeptlde of cholecystok:mn
was shown to im:rease.the resting tone of the pyloric high pressure

'zone in dogs (Isenberg and Cserdee72, 1972). BrJ.nk, Schlegel and

Code19

(1966) demonstrated increased pressure of the caniné pylorus ,‘ |
fdlloding mtraduodemal acid and olive oil iﬁfueions.. In mén, pylorie
pressure increased. in respo?se to intraduodenal J.nfusmn of. 0.1 NHCl, ‘
oliveoilarﬂanu'.noacide, which are known to release secretin and

cholecystokinin (Fisher and Cohen’', 1973; Valenzuela et a1'>?, 1976;

Pandolfo et a1'%?, 1979) . Once again, Kaye et al’® (1976) and Quigley'™
(i942) ~were unable to demonstrate any signi_.ficenfl response to acid ar
bl_ive oil adminis}:fation. Exogenous secretin and cholecystok:mm
inci:eased human pyleric pressure (Fisher and Cohen54, 1973-6) as did
metoclopramide (Valenzuela et a1132, 1976) and insulin-induced hypogly-
cemia (Fisher et a156, 19Y9) - In a canbined in vivo and 1,n vitro study

" using human volunteers and opossum pyloric muscle,: Fisher, Lipshutz

and Cohen (1973) examined the effect of several gastrointestinal
Ihonnoﬁes. Gastrin I had 11tt1e effect on the pylorus, but both chole-

] cystokmm and secretln were agonlsts with an additive effect at sub-

- maximal concentrations. Gastrin I produced a campetitive-like antagonism



to the effect of cholecystokinin on pyloric muscle.

‘The mechanism of response to duodenal acidification is generally
thought to be hormonal, but his, may be moorrect The pressure response
is almost :imnediate, whereas the response to olive oil is délayed

19

about fifteen minutes (Brink et al™~, 1965;). Furthermore, the response

to acid is quickly abolished with atropine,v thus favouring a neurogenic
or dlrectpathway Endogenous release of secretin and cholecystokinin

7

has been demonstrated (Barbezat', 1971) and.probably also plays a role.

. C._.Pyloric Dysfunction

Attmptlng to correlate pyloric functior'l and dlsease states
is greatly hampered by the disparity of findings in nommal subjects.
It is postulated that pyloric dysfunction allows reflux of duodenal
| contents into the‘si:anach, which in turn causes gastric mucosal danege.
‘Gastric ulcer patients have served as a model .to test this }wpdﬂmesis.
Mok et 21193 (1976) found that gastric ulcer patients had a larger
pjloric dlameter, lower pyloric presme and decreased regponse to
Acholecystokuun when canpared with duoda'xal ulcer patients and normals.
Fisher and Boden (1975) demonstratued low—nox nal rest:mg pyloric
‘pressures in gastric ulcer patients. 'I'hls pressure however, failed t& .
rise in response to duodenal ac1d or fat, as seen in normal controls.
After gastric acid_ification, the response became normal. . The effect’
* of -ulcer healing on vpy,lorJv'.c response was not described.

Anatauc alteratlons of the pylorus have also been J.ncrnmmted
in gastric ulcer patients. A t-hlckened pylorus w1th assocmted luminal
' narrowing. has been demonstrated and thought to cause delayed gastrlc '

i
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mm and consequerxtiy increased acid secretion ‘(Bﬁrgezz, 1966;
Dragstedt and wOodward44, 1970). Recent anatomical studies of the
antrum and pylorus have shown that patients w1th gastric ulcer have
hypertruphy of the muscle, submucosa and mucosa, with occasional fibrous

\narrom.ng compared to controls (Llebennann—Meffert and Allgmver93, 1974) .

'mhal—pylorlc hypertrophy could e primary or secondary and
suggests an associated motlllty disorder. Davenport (1967) showed

in Heidenhain pouches that aspirin in an acid solution increased motnity
1nthepouch andthlswaspresm\edtobeduetomcreasedbackdlffusmn
of. hydrogen ions. Bile releases gastrin fram antral mucosa and, in

l 102

subject:s, increases antral contractlons (Misiewicz et al ; 1969)

human
Garrett, Sum\ersklll and Code (1966) found abnormal gastr1c motility
in gastric ulcer patients. ' The data regarding this question is still

L3

rathé.r speculatlve .

'D Electxophymologlcal Ev:Ldence
" Membrane potentlal in the gastro:mtest:mal tract is a reflection
of qualitative dlfferences in the-'eplthelmm. ‘An abrupt change in

potential difference (PD) reflects a change in {:ypes of cells. ' Anderson

”and Grossman1 (‘1965)\developed a.technique whereby the mucosal duodein—,

gastric junction could be 1dent1f1ed as a sharp change in potential
dlfferenoe, as measured by a catheter fllled with a conductlng medlum.
The antral mucosal potentzl.al dlfference is about 21 mv more negatlve

thanduodenalnuoosalnthedog,arﬂabout27mv1nman Othershave

; used the same bas:.c prmc1p1e in mancmetrlc sLudles to J,dentlfy the

78 . 1976; Valenzuela132 ‘

1976; Hernandez®’, 1969; Fisher, Lipshutz and Cohen>, 1973<76.)

pylorus. ‘(Fisher and cohenSﬂ' 1973; Kaye et al



Antral-pyloric-duodenal co-ordination is a camplex area and has
been studied in detail. (Carlson28,1966; Sarnalzl, 1979; H_iesinger69

1979) .

There are two components to electrical activ1ty in stamach and
duodenum. The first is always present, and is a recurrent cycilc slow
fluctuation in potential, usually referred to as 'slow wave' ar the
basic electncal rhythn (BER) . It continues regardless of contraction
or relaxation of the stamach. The second is the spike potential which
initiates Aga‘s,‘tri-c contraction. It occupies a specific segment of the
slow wave and one burst of spike potential occurs in slow.wave. A
spike potent_Lal is always associated with a BER cycle, but not every

29

 BER cycle produces a spike (Chapnan , 1977) .

Despite the fact that there is. almost oanplete muscular separat;:n.on
'between stamach and duodenum, sane electrlcal activity appears to be co-
ordinated across the junctlon_. ‘This was illustrated‘ i_n the guinea pig
after tetratoxin (Fujii”", 1971) and the dog by circﬂmferentiei trans-

9 1972). Stoddaral?®

ection and mucosal sparing (Bedi and Code (1976)
thought that in humans the pylorus did not act a8 an electrical -
insulator. | | T

Pyloric muscle does haye distinct pmpertles that are pecul:.ar
to itself. Amras, Cooke and Christiansend (1974) found that electrical
field stimulation produced relaxation of pyldric muscle strips but not
adjacent gastric or duodenal muscle.- A dlst.mctlve neural inhibitory
control mechanism for pylorlc muscle was suggested on the basis of

pharmacologic mampulat:.bns of the tissue.’ Smular conclusions were
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drawn by Golenhofen®? (1979) who also attempted to separate the
pyloric muscle 1171:’0 inner and outer layers. Int:erestingly, both he
and Ehrlein et a1 (1979) found no pyloric response to secretin or
cholecystokinin as has been suggesbed by clinical work.

‘The role of the pylorus particularly with respect to its sphinctarlc
function, is not at all elucldated The apparent anatcmical and
;i'xamaoologically distinct muscular ring does not appear distinct when
examined electrically. Manametric studies are inconclusive. Perhapé
the pylorus will not conform to a rigid definition of a sphincter applied
to other regions of the gastrointestinal tract but further studies
» concermng its function may help to define its role more accurately

JII. DUODENOGASTRIC REFLUX

The normal anatomic configuration of the gastrointestinal tract '
is such. that bile and pancreatic juice are secreted into the duodenum
distal to the pylorus The appearance of these substances in the
stomach, therefore, uxdlcates retmgrade or orad flow along proximal
. duode:dum and across pylorus, hence the termm "duodenogastrlc reflux".
: Alteratlon of the anatamic pattern by surgical procedures may be

reflected by physmloglc and pathologic changes.

modenogastrlc reflux may be assessed endosooplcally, radlologl-
cally or blochenically v ' -

A. Endoscopic Assessment of Reflux
| As noted previously, Beaunont8 (1833) had direct access to ‘the
stamach of his, patlerrt tjmropgh a large chronic gastrocutaneous fistula.

+
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He noted that bile was rarely present. Normally, however, the stomach

is accessible only surgically or by passage of tubes or imstruments

along the esophagus. The greatest technical advance in this regard has A
been the introduction of the flexible fibreoptic gastroscope, which f
allows accurate inspection and sampling of fluid and tissue.

Ducdenogastric reflux can be identified by positioning the gastro-

scope in the antrum and observing the pylorus. (Scudamore et a1123,

103 86 91

1973; Mink et al” " ~, 1976; Koelsch et al” , 1978; Lechner” , 1975).

Same patients may have reflux vigorously producing a jet of fluid across

the pylorus (Eckstram’®

, 1974). Goldner and Boyce® (1975) found that
endoscopic grading of degree ‘of bile staining found in gastric fluid
correlated weld with total bile acid concentrations.

Endoscopic c.:ritei'ia for reflux or mucosal status are sub]ectlve
ax;d impossible to standardize. 1In orde.r" to draw ccmparisbns between
studies it is important to obtain appropriate samples for more objective
‘analysis. It is also mceséary to attempt to standardize and to
describe the canditions under which a study was performed. The position
of the patient amd administration of premedication, for example, could '
| ~influence the results obtained It is quite conceivable that the
. presence of the géstroscope itself affects reflux and thus other methods

of evaluation need to be explored.

B. Radiological Assessment of Reflux |
Duodenogastrlc reflux may be assessed radiologically by using
contrast material or isotopes. Beneventano and Scheinll (1970) ?erfomed.
T-tube ctnlangiogfams 1n 36 patients and found that one third of them
\

N R

AY
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refluxed scame of the contrast material into the utana‘ch.( The conclu-
sion that this reflux could be physiologic was challenged by Feinbexyg
and Delaney>! (1974), who found reflux in only two of 148 T-tube

cholangiograms.

Capper, Alrth and Kilby?® (1966) introduced the "pyloric regurgita-
tion test™ which involved the placement of a small tube into the duodemmm
followed by barium injection and observation of the stomach. Reflux was
graded as absent, mild, moderate or severe. Their technique was later
modified by dilution of the barium before instillatio? (Cocking and

h31

Grech™, 1973). Unfortunately, the "pyloric regurgitation test" requires

t},tuseofanxbewhichcmssesthepylonxsandcandtherebyinﬂuane

pyloric function.

Several radioisotope techniques have been devised to quantitate

14

reflux. Rhodes et all1? (1969) used 1ic-labelling of the bile acid

pool to measure bile acid concentrations in gastric samples obtained
by aspiration. This technique seemed better because the pylorus remained
uncampromised. However, it still necessitated the introduction of a

tube into the st-;mwach for collection of samples. ' 5

-Sannenberg e’c‘al127 (1979) used isotope labelllng in dogs to study
gastric emptying and duodenogastric reflux. |

A new and perhaps superior technique was described by Tolin et al129

(1969). This method involved intravencus administration of 5 uCi >

Technetium (Tc) bound to iminodiacetic acid (IDA) and later oral
administration of 250 uCi ll]f’éndidm bound to diethylene—-triamine~

penta-acetic acid (DIPA). The o3 -1 was secreted in the bile and



L i"'{could be observed by scmtlgraphlc JmagJ.ng (Harvey ’ 1975-

" 13
65

120

-‘ :Ibsenthal , 1978 andIoberg ’ l979) The 1l

Ind:Lmn-—Dl‘PA was used ‘
| :to outl:.ne the stcmach. By canputer ana1y51s it s was poss;Lble to '_ _ -If;.*‘t
| quant:l.tate reflux based on the distribution and nunber. of counts i
) _obtamed Thls tecl'mlqueseenssuperiortcothermethodsbecauselt is
’ 5tube1ess and quantltatlve, put more experlence is requlred before 1ts ‘
'valldltycanbewidelyaccepted ' N o

e B:.ochem.cal Assessment of Reflux ,
The balk of the llterature concerning methods of assessmg duodeno— Pas
‘.ﬁgastrlc reflux J.nvolve analy51s of gastric content for the _presence '

of e.rxiogenous or exogenous markers.

 The cmmonest endogenous marke.r used is blle._ The preserlce of'

. »y,bile in the gastr:.c asplrate has been 1dent1f:|,ed by yellcw or green

dlscoloration (James and Plcker:mg 7 1949 Watkﬁ;,nson , 1951; Goldner O

91

' 1975;. Iechner ;. 1975) Althoug}(x v:Lsual mspectlon of the fl\.u,d for

e .\blle is faJ.rly accurate when mcderate or large amounts are present it

62"

is, unsatlsfactory at 1ow concentratlons '(Goldner 1975) Scudamore -

et a1123 (1973): and Koelsch et al 6 (1978) combined vi oual and biocheucai B
| analys:.s to establlsh the presence of b:Lle. Du Pless1s (1965) used
paper chranatography to 1dent1fy blle acid conjugates Rhodes et al114 7

bid
14C—~1abellec'i chenodeoxychollc ac1d in gastrlc %plrates

(1969) measured
- as mentloned prev10usly. mzymatlc analys:Ls us:mg stermd dehydrogenase .
- was used by Black et al (1971) and by Hoare et al (1978). B1-1e e

'acids are stable in an. ac1d med.um and therefore accurately assessed at

. varia.zs pH 1evels. : Bll:n.rubm as assessed by 1cteric 1ndex is. scmevzhat

mxmstable in an ac:.d env:.rorment and therefore should be evaluated early o

_ :%. r

SN
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o Wormsley

R

(Wormsleyl 1, 1972; Scudamore et al'??, 22 1973 and Keighley’® , 1975) .

Furthermore, acid samples must be cleared Wlth sodlum hydrox1de before s

oolorlmetrlc estmatlon for blllrubln can be performed

A varlety of endogenous markers other than bile have been measured
141 (1972). measured b:Lle plgment as icteric mdex blcarbonate
ooncentratlon, and- trypsm as proteolytlc act1v1ty Both b:.carbonate

concent: ation and trypsm act1v1ty were J.nfluenced by the dec:;ree of

gastrJ.c ac:.dlty and t.he.refore should be oons:.dered less rellable indices

of reflux. other endogenous markers such as sodlum concentratlon have

been trled (F1dd1an—Green et alsz, 1979) but these lack: specrf:.c:.ty
Recent attentlon has ‘been tumed to 1ysolec1th1n, a product of pancreatlc

p}nspmllpase A reacting w1th blllary lecithin. (Jolmson and McDeJ:mott76

"1974; Orchardlo7

meﬁ@vlous advantage to usmg endogenous markers of reflux is
the.Lr ready avallablllty, but unfortunately 11. is 1mposs:.ble to control
for blologlc variabil:n.ty Several workers have therefore admnustered

exogenous markers of known amount and then measured the fraction Whlch

: refluxed. Brcmsulphthaleln and Indocyanlne .Green are secreted in the

blle a'r}d can be. measured in gastrlc fluld (I‘lddmn—Green et a152 19'79)

" These substances are dependent on dellvery to the duodenum via’ the
blllary tree at’ the tnme that samples are taken, and therefore subject

to the same criticisms as blle analys:.s.

T

A dlfferent technlque mvolves J.nt.raduodenal J.nfus:l.on of an exo-

genous ‘marker with simultaneous antral asplratlon to determine whether

- reflux is occurr:i.ng. Wormsley (1972) used this method and J.nfused

1977) - SRR e PR
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' polyethylene glycol F:Lsher and Cohen (1973) used phenol red as a

| mavker; and Rokk:)ar119

\.

J.nfused a radlolabelled marker .- These

expernments fac111tate mathematlcal calculatlons and ccmparlsons between :

- groups of Subjects but the one: dlsadvantage again is the necess:Lty of -
a transpylorlc tube. In an animal model with distal access to the - ‘
duodenum, as for example, through a Thanas cannula in the dog, thlS
metlx)d is ideal. - L o o k

R

IV. GASTRIC MORPHOLOGY

A. Normal Gastric Micosa o PR
The gastric mucosa when exemined gmssly_ is moist, moblle apd
;_beige»to p:.nk ‘in colour. It is soft and thick gJ.vingthe appearance |

of a very fine, rlch plush: carpet, undulatlng over the mmderlynxg
rugae of the body while being relatlvely flat in the antrum Endosoopl-'
cally it is more dif:flcult to judge mucosal colour, but in the normal A
" state. it should be relatlvely unlform w:Lthout patchy redness or granu-
].arlty Gastritic mucosa should be suspected when the vascular pattern
.is eas:.ly reoogmzable (atrophic) or when there is marked granularlty or
patchy redness (acute superflcn.al) Howevelr, the endoscoplc diagnosis
of gaStrltlS is notorlously .maccurate, kand must be substant:ated by

62 79 70

biopsies’ (Goldne.r 1975- Keighley et al’7, 1975; Hoare " 1977)'.

-~ The nonnal hlStOlOglC appearances of gastrlc mucosal blopsn.es ‘have

been described and illustrated by Whlteheadl (1977).  In the sub-

138

vsequent chapter of the ‘same bock, as well as a separate pule.cat:Lon
“(Whltehead et al ﬁb

’ 1972) . he presents _’a workable classification of

.

.
/

/»
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gastrltls based on mucosal type, grade and activ:.ty of the gastr::.tls, '
and presence of metaplasia. Schrager et al (1967) have described

.- antral changes found in duodenal and gastric ulcer patients..

B. The Gastric Mucosal BarrJ.er »
Manhasbeenmtrlguedbythedlscoverythatthestmlachls

capable of ‘secreting acid and pepsin for digestion buat appears immune

, to autodlgestlon (Dragstedt , 1978). A great volume of 11terature has .
aocmmllated concerning this property called the gastric muoosal barrler
(GVJB) The gastrlc su.rface eplthelwm is gelatlvely Jmpermeable to |
'oertaln ions, espec:Lally hydrogen and sodium. Maintenance of the QB

A requ:l.res J.ntact epithelial cells and may be assisted by an overlymg layer |
of mucus. ' ' . . B

? 33

A variety of ahimal models have been used dog (Davenport et al

1964; Werther et al'>>, 1970; Black et t a1%3, 1071; Ritchie'’, 1976);

rabbit (Birkett and Sllenl ., '1974) ; mouse (E:as’d»;ooc’i49

11975); and guinea
107 -

, 1977) . Human subjects have also been studied

\

4 ‘plg (Orchard et al

73, » 1970; Chapman et a130 1972) . The most extens:.ve stud:Les

(Ivey et al
of the GMB have been perfonned by Davenport and hlS oolleagues who
demonstrated J.ncreased transmcosal flux of hydrogen, sodium and |
potassmm after exposure of canme gastric mcosa to a variety of agents
J.nclud:l.ng eugenol acetylsallcyllc acid, ethanol, bile, taurocholate,
urea, lysolecithin and digitonin. (Davenport33 35-38 1964, 1965, 1968,
1970, 1975). The work of other authors confirm his results, especmlly .
with regard to the effects of bile (Werther 35 §970; Tvey'> 1970— | |

Ritchie™5, 1875; Eastwood®?, 1975; Blrkett and Sllenlz , 15747 Black,
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Holeé and Rhodes ™, 1971) and of lysoleCJ.thln (Orchard

Johnson and»McDemott76, 1974) Davenport,’ Werner and Codeﬁv (1964)

, 1977; '

also found that an abmpt change in mucosal potent1a1 difference
occurred whlch paralleled the increased ionic permeability Hlstologi— "

cal damage can also be detected after exposure of gastrlc rmucosa to
| 88 40 stooa®?
bJ__'Le or other agents (Lawson ' 1964_; Delaney et al =, 1975; Eastwood

- 1975). Tissue damage is related to hydrogen ion back diffusion and w:.-ll' -
‘not octur if the‘gast_ric content is ofh neutral pH. ‘Histamine.has.-been :
implicated as a medlator of tissue dar\riage because damage can be pre-

vented by coambined use of Hy and H, rece;;tor antagonists. (Rees et a1113,

- 1976) .

—

C. Clmlcal Observatlons and Studles
| The pathogenesis of gastrlc ulcer and gastrltls has been the sub—
ject of v1gorous debate for many years. Whereas excess gastrlc ac1d
« secretion is an Jmporbént factor in duodenal ulcer disease, gastrlc _

ulcer patients characterlstlcally secrete. normal or below normal 1evels

of acmé. The prese.nce of acid may play an important role (D:x:agstedt43

1978) , but other. factors must be oon51dered partlcularly mucosal

res:.stance and ﬁresence of duodenogastrn.c reflux

k Careful hlstological exanunatlon of gastrlc ulcer spec:mens is
N
mandatory to exclude the. d.lagno51s of mallgnancy. However, it has been

found that gastric ulcer usually occurs in abnormal mucosa (Magnusgs

1938; Hebbel“ 1943; Guiss and Stewart64, 1948) . Schrager, Sp:Lnk and

Mitral??, (1967) and Du Plessis®® (1965) have denonstrated that diffuse
inflammatory and epltlxel;al changes are nearly always .present in the

/ o
\ !
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‘mucosa of” the 'gastric ulcer patients.s The relative size of the pyloric

gland area and extent cr the'gastritis are increased if the ulcer is more

prozxm% in the stcmach\ (Bal1 and Jamess, 1961; Capper2>, 1967; O,

Oshida and Sugnnuralq5
vy
gastr:.c ulcer patlents demonstrated by cfnapnan et al (1972) could

’ 1959) The J.ncreased hydrogen ion absorptlon in

be a functlon of an unusually extens:Lve pylorlc gland or antral mucosa,
which is mnnally samewhat more permeable to ions than fundic micosa.

., T‘he co—exlstence of gastr:.c ulcer and’ gastrltls suggests the possubJ.l;Lty
._Tof a common etlologlc mechanJ.sm. : S (

BeautmntB, fram hlS study of Alex:.s St. Martin in 1833, stated

"Bile is never fourd in: the gastric 1umen in a state cf ‘health".
Wauanson134 (1951) found that bile staining was :mvarlably present in
cases of gastric ulcer where nocturnal neutrallzatlon occurred. Picker-
'ing and James (1949) sl'x:wed that blle-stamed gastrlc aspirate was -

" more cammon in patlents w1th gastrlc ulcer than in healthy people.

" pu Plessis?® (1965) and Buckler? (1965) also denonstrated increased -
m01dence and corx:entrat:l.on of gastrlc blle in gastrlc ulcer patlents :

114 14

versus controls. Rhodes et‘ al (1969) used “C~labelling of the bile

acid pool to measure bile acid concentrations in gast.ric samples. and
‘found elevatlons in gastrlc ulcer patlents while fast.mg and after a
11qu1d meal, as canpared to mrmal subjects Reflux was accentuated by
feeding and was more hzarked in the distal stamach than the fundus.
Black, Roberts and Rhodes (1971) were unable to show accentuatlon of
reflux by a liquid neal, and furthermore found no consistent change

in bJ.le reflux with ulcer heah.ng

e

"

The pylorlc regurg1tat10n test described by Capper Airth, and

.Sy 5
%,

1

\,
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Kllby ' (1966) gave smu.lar results: 19 of 29 gastric -ulcer patients
'demonst.rated gross duodenogastric reflux but none of 15 controls. He
* described active reflux visualized fluoroscoplcally and occurnng with
vlgomus duodenal antlperlsta151s. Other clinical studles have enployed-
Capper's technique and found reflux in nine of 27 patlents with duodenal
'ulcer, and. in six of elght patients with atrophic gastrltls (Capper,

'Butler and Buckler27, 1966) ; in seven patients with chronic alccholic

gastritis (Flint and Grech®’, 1970); and in 17 of 19 patients with

chronic non-specific lung disease (Beeley and Grechlo, 1971).

_ Finally, exogenous marker infusion techniques employed by
wormsley'®l (1972) and Fisher and Cohen> (1973) also demonstrated
increased duodenogastric refluxln gastric ulce‘r.patien'ts. Duodenal
"ulcer patlents also showed reflux above coﬁtrol levels, but much 1ess

thin gastrlc ulcer cases, conflrnpng the results of Capper et al (1966)

The cl:uucal §tud1es g1ve conv1ncmg ev1dence for the assoc:.atn.on
‘of bile reflux and gastrlc ulcer, and the. GMB exper:.ments Jmpllcate
b11e as -an etlologlc factor But what about gastrltls'> Is bile reflux

‘1ncreased in, and poss:.bly the cause of gastrltls'f" Dlrect evidence in

I

this regard is rather weak, but addltlonal clues are suggested by -

ammal experiments ard post—operatlve Tuman studles

Gastrltls is a oLxm'on f:mdmg and J.ncreases with age {Andrews

2 84 81

et al“, 1967; Kimura , -1972; Kekki et al 1977) It may be caused -

by mucosal irritants such as aoetylsalicylic acid (Davenport34, 1967;

Metzger et a1'%%, 1976); aloohol (Palmer'®’, 1954; Kekii'et al®', 1977)

and the drinking of hot liquids (Bdwards and Edyards®®, 1956). The high
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incidence of ‘gastritis in gasti'ic ulcer patients has almdy'been
dlscussed Gastrltls, partlcularly the atroph:.c fonn, is also found -

in patients w1th parletal cell or intrinsic factor antibodies and is a

61

constant fmdmg in pernmlous anemia (Glass —, 1977). Apparently

normal totally asymptomatic human\ub]ects have a significant incidence

‘of gastritis as ae_(bnstrated by Kreurxig87. All of these factors must

' be taken mto account when studying gastritis. ' o ,
Bile reflux' has been noted in ‘association with gastritis (Capper,.
Adirth and Kilby?®, 1966; Siurala and Tawast'2®, 1956; Capper”>, 1967;
Kleckner et al®>, 1972; Scudamore et al'’2, 1973). The main problem . -
mevaluating clinical studies ooncernmg this topic is the lack of

‘uniformity of protoool between dlfferent authors and even w1th:|.n

, J.ndJ.vn.dual studies. Crlterla for pat.lent grouping are often an?mguous

For example, the study reported by Scudamore et a1123 (1973) seems to

Aclas_s:.f; patients as ref_ltmers_on the basis of endoscopic observations,

| or presence of bile stammg at the time of ga\striéh flnid .analysis.

The fluid apparently was ot analyzed for the actual presence or concen—-
' trat:.on of gg:le. Their dlagnos;Ls of gastrltls was made in a var:.ety of |
- ways. Since 42 cases are described, but only 36 hlstologi<:a1 specimens

. were obtamed it must be assumed that subjective criteria depend:mg on

| endosooplc appearance were 1nvolved at least part of the time. Further—
more, the 36 spec:.mens were partly derlved frcm surgical resection pro-
oedures and partly fram gastrosooplc mcosal blop31es, but the numbers

are not speclfled. Their conclusion that all patients had chronic A

gastrltls may, therefore, not be adequately substant:ated

A German paper by Lechnen (1975) has attempted to correlate blle_ ’

s BN
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reflux with various gastric lesions. This study' included 40(_)‘ unoperated
patients who urxierweht gastrosoqpy;' Bile reflux was considered present

when either it was observed directly through the gastroscope or there

- was siqnificant yellow or greenish discolouration of the gastric pool.
. Agam, the VlSual Jmpressmns were not authenticated by biochemical |

v analys:.s. Using these crlterla, he found.that 17% of the 400 sub]ects

‘showed evidence of bile reflux. There were no significant dlff_eremes

-+

between sexes or age groups. Micosal biopsies were taken from all

patients but their location or number was not spéci'fiedf Erxios;coéically,

146 of 400 were considered rb:fmal but histologically 6hly 54 of 400 v

‘were called normal.‘ However, he fqund that bile reflux occurred just

- as frequentiy in normals as in abnormals, and that the 1nc:.dence of

reflux did not vary significantly between groups of patients (normal,
duodenal uiqer, gastric éj:rbphy, erosions, gastric uléer, carcinama,
hiatus hernia with ulcef) . Finally, he also af:tempted to correlate ‘
type of gastritis. w1th ‘presence of 'bilé réflux, and again fcn.}nd no
difference. | . .
Koelsch et al®6 (1978) have performed a study which is alse pub—
‘1ished in German, but produced very aifferent results. - The study consisted

of 221 patients undergoing gastroscopy for dyspepsia of undefined cause. -«

Gastric fluid was aspirated and a‘nalysedvfor total bile acid concentration

" followed by thm-layer chranatography for bile acid fractionation. -

Serial mucosal biopsies were taken. A ﬁxatient was ’oonsidéred to have
bile reflux if (a) duodenal reguxglfaatmn was cobserved gastrosooplcally,
(b) gastric .fluid analys:.s for b11 was pos:.tJ.ve, or (c) blllous dis-

colourdtion of gastrlc flm.d was ted on gastric analysis. Unfortunately,

N
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it is unclear whethér all uatients underwent gastric aspia'ration and
b, analysis at gastrosoopy or how many patients were classed as nefluxers
under cri‘terla (a) or (c) above. Duodenogastrlc reflux was said to
be present in 58. 8% of all patlents. The incidence of reflux and the
| 'ooncentratlon of bile both increased with age. Two thJ.rds (8 of 12) |
gastrlc ulcer patients were found to have reflux, as campared to 6 of 7
(85.7%) duodenal ulcer patients, and 6 of 13 (46.1%) patlents with |
erosive gastritis. The incidence of reflux was about 60% for chronlc
superflclal gast.rltls (42 of 70) as well as for chronic atrophic

(20 of 47). Whereas Lechner” " found no difference in reflux between
cholecystectomized and unoperated patieuts, Koelsch and oolieagues |
reported reflux in 81% of cholecystectcnuzed patlents (30 of 37) as
opposed to 54.3% of non-cholecystectanlzed patients (100 of 184). Heavy
snokers w1th reflux had a 51gm.flcantly h.xgher incidence of chronic
‘ gdstrlt_ls than non-smokers with reflux However , when cons:.derlng all.

smokers versus light or non—snokers, the dlfference in incidence of
chronic gastrltls was not 51gnlf1cant. :

Goldner and Worth. Boyce®? (1975) studied 48 patients and found no
‘correlat_lon of bile acid concentrata.on w1th histologic evidence of
gastrltls.

Clinical studies attempting to correlate duodenogastrlc reflux
and gastritis thus far have‘produced unpredictable and conflicting

4]
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D Animal Experiments
~— | | |
- Mach of our knowledge concerning the gastric mucosal barrier

cames from various animal studies. However,: special mention must be «

made of several ingeneous experiments designed to study the effects

‘of chronic exposure to bile. 1awson88 (1964) studied the effects of

bile and pancreatic juice on canine gastric mucosa by surgically
dlvertlng these substances into the stomach. ' The gastritis was most

marked near the site of entry and was more severe with both bile and

" pancreatic juice, hut. least with pancreatic juice alone. Definite

histologic changes omxparable to human gastritis were reported. These
changes were later shown to be reversible by diverting bile away from

90

the stamach (Lawson™ , 1972).

Delaney et al40 (1975) constructed tubes of canine gastric corpus
in such a manner as to allow chronlc exposure to jejunal contents, to
pancreatic juice or to bile. Madrked gastritis was reported under all

conditions but whole jejunal contents were foun&‘ to cause more severe

| changes than pancreatic juice or bile separately.

.Atrophic gastriti's has been induced in dogs by explant:mg parts

90

of the stomach (Lawson’®, 1966; Ritchie and Delaney 'S, 1971). Reim-

plantation of damaged mucosa into the stamach was shown by the same

authors to cause an increased incidence of gastric ulcers J.n the affected

portion. This is suggestive evidence of increased susceptibility to

ulcer formation in abnormal or gastritic mucosa.

The concept that bile is deleterious to cjastf:ic mucosa has not

been accepted unanimously. Byers and Jordan24\ (1965)\ implanted

-\\
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vascularized patches of gastric mucosa into the wall of the gallbladder
in dogs. After a year the mucosa was' histologically normal. Bil® alone,

therefore, does not appear to be responsible.

Dragstedt's treatise43 (1978) on the'pathogenesis of duode.nal and
gastric ulcers still favours the concept of a protective function
afforded by~~bi1e-érxi par;creatic Juice. His reasons are twofold. First
of all, patients u‘ndergoing Rt;mc—er;—Y pxocedurés for peptic ulcer have
a high incidence of stomal ﬁlceration. Secondly, animal experiments
by Mann and Williamson’® by McCann®’ (1927) and by Dragstedt ot a1’
(1971) causing bile diversion .mté the gastric fundus or into esophagus
" failed to reveal gastrlc or esopha.geal ulcers, only stamach ulcers
distally. Unfort:unately, hlstologlcal evidence of gast:itis under
these circumstances was not sought The cumulative data in postoperative
patients favours the former ‘hypothesis that duodenal juice is in fact
injuricus to gastric mucosa, rather than protective, as will be discussed

next.

E. Postoperative Studies

It was previously noted that bile reflux occurred infrequently
in normal subjects, and this was attributed to a functionin‘gpylorus.
Any opera_tive procedu:fe which removes or othexrwise interferes with
pyloric‘ integrity, then, would be expected to induce reflux. Bov':gl7

(1959) and Du Plessis (1965) ‘reported. frequent severe bile reflux
after‘ Billroth II gastrectamy. Kllby (1970) used Capper" 's method

to assess duodenogastric reflux in 30 patlents who had under:gone pyloro-
plasty and a further 15 after pylorJ.c resectlon (Billroth I) He

observed reflux in all of these subjects but suggested that any operation

N\



on the pylorus reduced the force with which reflux occurred. Keighley

et a1’ (1975) measured reflux radiologically and by bilirubin screen-
ing and found reflux in 12% after praximal gastric vagotomy, 45% after
vagotorny and pyloroplasty, and 78% after \;agotcmy and antrectamy.

Hoare et al’l (1978) found elevated levels of bile acids in post-gastric
surgical patienté and attempted to quantify the réflux during a specific
time interval (Fasting Rate of Bile Reflux).

Gastritis is frequently present after gastric surgery (Pa]merlog,

1954) and its extent and severity increase with time following- surgery

77 5

(Johnston™ °, 1966; Aukee and Kxohn™, 1972). The site of the gastritis

was variable but corresponded to areas where duodenal contents had
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access to the stamach (Capper, Butler and Buckler®’, 1966). Lees and

Grandjean’? (1958) studied patients who had und®rgone a Polya type

- gastrectamy for benign ulcer. disease perfox.med within five years} In
32 of 33 patients inflammatory changes were present. Both Du Plessis’®
(igss') and Capper®> (1967) concluded that gastritis vas ciused by bile

requrgitation.

V. BIIE REFIUX, GASTRITIS AND SYMPTOMATOLOGY
' Patients with reflux or gé.strifis may present clinically w1th a
‘variety of non-specific symptoms, but these may be difficult to evaluate
because apparently normal subjects may have smllar symptams. Also,
totally asymptamatic patlents may be shown to have the same degree of

" reflux or grade and extent of gastritis. (Shiner and Doniaiych125

Coghi1132, 1960; Beeley and Grech'®

, 1957;
, 1971; Lees and Grandjean2, 1958).

Recently however, because of the severity and persistencé of postoperative
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symptcms a number of clinical studies have been carried out. (Boren
and Way'®, 1980; Davidson. and Hersh>?, 1?90; Menquey and Chey'°®, 1980;

' . |
16 450). |

Ritchie ]‘
Keighley et a1’® (1975) studied 35 patients who had previously
undergone surgery for peptic ulcer disease. Those patients with high
concentrations of bilirubin in gastric juice frequently camplained of
bile vamiting, nausea, epigastric pain after meals, bile requrgitation
and heartburn. These symptams were infrequent in patients with low
concentrations of bilirubin in the gastric éspirate. A further study
by Keighley and his colleaguesso (1975) of 63 postoperative patients
found an association between the degree of reflux and the presence of
' severe heartburn, epigastric pain and bilious vomiting. The term,
postoperative alkaline reflu'); gastritis was introduced by van Heerden

et al (1969) Toye and williamsnl. (1965) described and illustrated

a severe case of postoperative bile reflux. Scudamore 123 (1973) as well
as Bushkin®> (1974) describe the syndrame of postoperative alkaline
reflux gastritis as be:Lng characterized by postprandial severe mid-
epigastric pain unrelieved by antacid§, but relieved pramptly and
campletely by bilious vcmtmg It is usually associated with weight

loss, hypochlorhydria and atrophic gastritis. e

-

Pyloric regurgitatién was correlated w1th symptoms ln 40 patients
witl-but previous gastric surgery by Johnson75 (1972) . His diagnosis

of flatulent dyspepsia correlated well with pyloric regurgltatlon and
.. this could perhaps explain one mechanism behlnd post-cholecysbectcmy

. syndrames.



. reflux :Ln gastrlc ulcer patlents (Dlppy, Rhodes and Cross 1973) ’

Several factors are known to affect the mclderxée of duodeno— -

. gastrJ.c reflux. Operatlve procedures have : a]ready been d.lscussed

"-Beflux is 1ess ccnmon ;Ln sup:me than erect patlents (Flmt and Grech57

970) and thlS has been attrnh:ted to decreased duodenal motor actlv:x.ty

(Capper ’ 1967) Clga.rette s:mk:.ng was’ found to decrease pylorlc S 7

-sphmcter pressures (Valenzuela etaa113 1976) Snok_mg also :mcreased

41

' and m normal and dyspeptlc subjects (Read and Grech]‘12 1973) Theoret;.-—,. v

. &
‘ cally one wculd expect metoclopramlde to reduce reflux b_y J_mproved

| antroducdenal co—ordinatlcm, but this could not be substantnated by
Dlppy, Rhodes and Cross (1973) Marked reflux of blle into the
'stcmach was. produced m three normal subjects by the urtraverms |

o - ‘adxm.nlstratlon of Prostagla.ndnn E,; but the mechanlsm or s1gn1f1cance

-of thls fnndlng is mﬂcrmn Duode.nogastrlc reflux is read:.ly produced |
‘ by retrograde duodenal pacmg in the dog (Kelly et al82, 1979) and the .
-cat (Mmk and Johnsonm4, 19'79) ThlS flndlng .‘J.S not surprlsmg, and.

conflrms that reflux can be produced by dlsordered mtlllty

.VI. SLM'IAM

Pylorlc pressure studles :Ln normal Subjects have prroduced w:udely

: dlscrepant results. ~ This appears to be a function of the organ of study

- rather than faulty experlmental des:Lgn. Pressures are low and :anonstant

o making quantitation dlffJ.cult '.[‘he concept of decreased pyloric
: prmsure ‘ar respcnsiveness allowing reflux to occur as the basiceta.o—
logic factor in the pathogenes:.s of gastrlc ulcers .'.LS theoret:l.cally

T



appeallng P'erhaps the same underly:mg pmcess is responsible for
gastrltlc changes. Howe‘ver; thes'e'conclusions are pi:anature and await

. further elucmd@tmn of pyloric functlon in. normal and in dlsease states.

LT
(,4

The.re is general agreement in the llterature that duoderngastrlc
_reflux is Jncreased in gastric ulcer and postgastrectomy patients The
fact that consn.stent data was. derlved by a varlety of experlmental |
, techm.ques suggests that the fm:hngs are val:Ld for that populatlon
'I‘he stud:.es attempt:.ng to oorrelate the presence of reflux with gastrltls,‘

| ho.vever, are surprlsmgly few. Poor study design and msufflclent '
- numbers of subJects precludes wmdegpread acceptance of any apparent
correlatlon. mrthentnre, the opposlrlg view that reflux of. duodenal
tent is not mjurlous to the gastrlc mucosa (and perhaps protectlve)
- is held by same authors based on contrad1cﬂ3ry results obtained in
ammal and hunan studles. A careful- study of gastrlc mucosal norprx)logy

and 1ts associatlon w1th reflux is therefore indicated.

’Normal pylorlc function is difficult to deflne ‘and appears to.

dif frcm other _gastromtestlnal J¥Fnincters. Pylorlc dysfunctmn or -

rewval 1ows for’ retrbgrade movement of duodenal contents wh:'ch may
adve‘rsely affect gastrlc mucosa, producmg gastrlt_ls or gastrlc ulcera-
‘tlon. The clm:l.cal s::.gnlflcance of reflux and/or gastrltls is un]mown

because’ symprtcmatlc and asymprtanatlc patlents may glve conparable results.
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. The study oons1$ted of two parts and the subjects for each part
were very dlfferent Pylorlc pressures were studled in vomq healthy
. volunteers, whereas bile reflux and gastrltls were studled in sympto-
matic pat.xents undergo:mg gastrosoopy. Informed consent was obta:med
‘m all cases, and. the study was approved by the Eth_'l.CS REVlGN Camuttee

-

of the Ur11vers3_ty of Alberta Hospltal.

I. ijloric Pressure Studies = , - A

Snmultaneous pylorJ.c pressure and skin tb mucosal potentlal
difference (PD) were measured :Ln ten normal volunteers and one tlent |
‘, W1th be.nlgn gastr:Lc ul\der The normals had no hlstory of gastr - .
intestinal oanpla:.nts and haﬂ'not undergone abdominal surgery 'i‘here \
- were seven females and three males w1th an average age of 22 years.
The gastrlc ulcer subject was a female aged 55 years The ulcer was
located high on the lesser curve, not assoc1ated,w1th achlorhydria

A perfused catheter system. was used. Several different tubes were:
| trled before adoptlng the Arndorfer—McSteen esophageal motlllty tube
(0.D. 6. 3mn) Tt campered favwrablymthtubesusedbyother o
investlgators (Flshe.r54, 1973; Kaye'S, 1976) . There were adequate
- mumbers qf 1nd1v1dua1 catheters bullt mto the cOmpos1te tube w1th
| oonvem.ent radlo-opague markers and colour-ooded connectors oorrespond—
ing to each s1dehole. However, the tube was essentlally des:_gned for
esophageal motility studies and therefore several modifications were - .\

29
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necessary. First of all, the tube lengthk frorﬁ the triple—sidehole

- site to the tip wae onl-y‘.five centimeters, maki.ng it difficult to ’
adequately traverse the duoderpgastrlc Junct.lon on a pull—through

w1th the pressm:e—sensmq opem.ngs while still retalm.ng sufficient
tub:t.nq in the duodenum to fac111tate re—;mtubatlon. An addltlonal

fJ.ve centimeter segment of identical tubJ_nq was, therefore, attached -
to the t1p giving a tlp—to-trlple-s;Ldehole length of ten centnreters. |
Seoondly, to facilitate fluerosooplc monltor:mq durmg transpylorlc
duodenal mtubatlon, three addltlonal metall:Lc markers ware placed :

'J.\n the dJ.stal five centimeters of tublng A latex balloon oonta:._m_dg
1.5 cc of mercury wasb atteohed ‘to the catheter tip. The central eatheter
which orlglnally opened at the tip was opened through a new 1. 2 o
51dehole SJ.tUated tWO cent:lmeters from the'tip. The final tube after '

_these modlflcatlons _appeared as J.llus_trated in Fig. 1.
Pyloric presetlres were measured by perfusion of the catheter ‘system
. using a low campliance pneunchydraulic infusion pump. Distilled water =

was infused at a rate of 0.25 cc per minute per pressure channel, and

' pressures were recorded on a ABeckman_R—tlll Dynograph. A contlnuOus

' record of reSpiration and movement artifact was also obtained. i
" The skin—to—-muoosal electrical potential difference (PD) was -
.reoorded oontlnuously by infusion of a oonductmg column (R:Lnger 'S
lactateplus 40mEqKCSL/L) w:LthaHarvardpmtpatarateofO 38 cc"
.permumte. ThePDwasmeasuredbetween the conductmg colum on a

HP14240A moni"q electmode placed on skln in the left eplgastnun
: The Beckman R-411 Dynography served as a voltmeter and recorded dlrectly



" any PD change. One of the three openings at the 10 ‘am ]TeVelt' served

- both functions as markers of “PD 'change, and intralmninalh‘preSSure.

The procedure followed can be outlined in chronologlcal order.

No prenedlcatlon was glven, and subjects were not permltted to smoke

for two. hours prior to the test. The subject was fasted for at least

. eight. hours foliowed by perbral gastric intubation w1th the motility
tube "The tube was then positioned in the second or third part of the

| duodemm under fluoroscopic contrel. Once positioned in the duodemnn,

a baeal static recording was obtained until Phase TIT of the inter-

A ”dlgestlve myoelectrlc canplex (IDME)C) could be see.n, or for one hour,

whlch ever came flrst. Wlth the subject supme, a restmg pull—t.hmxgh :

in one half centa.meter J.ncrements _was performed. Once the area of -

PD change had been traversed, the tube was re—lnserted :Lnto the duodemum

and :Lts posn.tlon confirmed fluorosooplcally. Once re—stab:.hzed ' '

' '.st:mmlated pJJ.l-—through was perfonned. This involved intyaduodenal

; infusion of 0.1 N Hydrochlorlc acid through the most dJ.stal port with

~ a Harvard pump at 7.6 cc/minutes. Flve to ten mJnutes after the

infusion was started a second pull—through was performed: J.n a snmlar

manner. A01d :Lnfu510n was -continued during the stlmulated pull—through

to a maximm of 110 m:Llllllters.

The site of PD change served as the major marker for 1dentlfy1_ng

’ the pyloric region“ g l@d‘iti'onal clues were obtained by noting that
channel one (most prox:Lmal open:Lng at 25 cm fran tlp) was generally at

| - the lower esophageal spmncterqwhen channels three, four and five '

" (trlple opem.ngs at 10 an from tlp) were at pylorus, or by ccmparmg the

wave forms ‘and frequency of channel two (opem_ngs at 15 cm frcm tJ.p)
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w1th channels three, four, and five.

Resting and st:lmulated recordlngs were exammed for any elevat:.ons
of pressure above duodenal (zero reference) pressure. The helght and
length. of each pressure peak were noted as- well as its 1ocat10n

relative (to the site of PD change. Phasic cohtractlons were not

quantified. _ | . \\

11 Duodenogastrlc Reflux

Duodenogastrlc reflux was asseSsed by two dlfferent methods on
separate days. Forl:y patients underwent gastrlc flun.d analysz_s, and

eighteen of these cases also had scmtlgraphlc examination.

- :}, A, Radinmmlide"Assessnerit

Radlomlcllde measurenent of reflux was pe.rfoxmed sunllar to the

method outlined by Tolin et a1l

(1979) but w1th several dlfferences.
Subjects were fasted and placed sup:.ne under the Slenens large field

lof view ganma camera with Ops-Con on live data processor. “An intra-

* venous 1nJectJ.on of 480 megabeoquerel (mBq) 99“‘1\c~d:|.methy1 mtm.mdlacetlc
acid (I.D.A.) was glven follcmed by continuous imaging in 30 second ’
frames. Patlents were kept suplne for the duratlon of ‘the study After
one hour, a fatty meal was administered, followed in 30 m.umtes by
99“"1'0-sulfur colloid 111 mBq orally to outline the sbomach. Szmllar

, methodology has been descrlbed by Shaffer et al , 1980. }.n’alogue |

| and digltal data were stored on floppy dlscs,.g Actmify time curves :
were generated by llght-pen defmltlon of anat ical regions and
replaylng of the floppy discs. : ‘In. ition the analogue’ J.mages were
mterpreted as reflecting or not reflectmg duodemgast.ric reflux.

.
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B. Gastric Fluid Analysis

The subject material for thlS study con51sted of 40 symptcmat:.c
»'patlex}ts Wﬂergomg gastroscopy. Normal volunteers were not recruited.
The J'indications for endo’scopy were investlgatlon of abdominal pain
(75%) and esophagealpaﬁplaintsv (25%). The princ¢ipal diagnosis in
these patients were: x-rav and endoseepy neqative dyspepsia (‘50%);‘, '
esophageal ﬁbtility disorders arxi_gasfrcﬁesophag_eal reflux (2.7.5%)_,
gallston,es. (15%), and miscellaneous (7:5%) , as outllned in Table 1.
| Excluded fram the s'mdy were pati‘ents with active ulcer, erosions,

recent bleed:mg marked pylorlc defomlty, and preVJ.ous gastrlc surgery.

€

Patlents were fasted for 12 hours and prenedlcatlon was w1thheld -

until mmedlately prior to gastroscopy at wh_lch time atroplne 0.6 g
| and d1azepam were administered mtravenously The dosage of dlazepam
varied and was tltrated to an acceptable level of drowe:mess, The
- patient was then positioried on the. left side and the pharynx anesthetlzed
with topical 1idc5cair1e spray. The flexible flberoptlc g(aei':ros_cope
(A.C.M.1. or Olympt_is) was iritroduced per os .and the esop};gus examined.
As soon as possible after entermg the plrc_vximal' star»aeh' with the sccpe/,
canpiete asbiration of the gastric con?:ent was performed. Small amounts
~ of air were J.ntroc‘mced as necessary to ensure camplete evacuaﬁlon of

| gastrlc liquid. Once gastric aspiration was ccmplete a sequentlal
exammatlon of stcmach and duodenum was done to xule out active ulcera-
. tion, eérosion, or marked pyloroduodenal deformlty In suitable cases,

the aspirated fluid was sent for analysis and ga‘strie biopsies-pexrformed.



Blochem.cal Methods 1n Bnef

; The asplrated gastrlc oontent was oollected on ice and as soon

as possible screened for the presence of bilirubin; The ictetest

(hmes) was performed by adding a drop of water after placmg a sample

and the test tablet onto filter paper. Ifa blue colou.rJ was ohserved

the test was cons:.dered positive. The volume of the specimen in milli-

iiters was recorded, a's‘ well as the pH, which was deteymined with either

_,pHpaperoronapHme;.er » | . |
Total phosphollpld concentratlon was determined colourimetrically

after ’dlgest_mg the sample with sulfuric ac:Ld, ade.ng ammonium molybdate

‘plus anum—naphthyl—sulfurlc acid (ANSA) to measure inorganic phosphorus.

The spec:l.men was then exam:.ned for blue colouration at a waveleng‘ch

'of 675 m. | | |

Cholesterol concentratlon in the sample vas determ:.ned by the

‘ discrete analyzer usmg a spec1f1¢ enzyme method (Abbott) or colour-

imetrically ’(Liebennann—-Meffe.rt’ reaction) . ‘
Lecithin and lysolecithih were determined sahiéuantibatively by

thin layer chranatography and recorded as 0, 1+, 2+, ,‘,‘f;-g;{.,

Fractlonatlon of bile into primary (cholic and chenodemayclnllc)

and secondary bile acids (deoxychollc and llthochollc) was done’ by

,'gas chramatography as prevmusly descrlbed by prmlgellgs Y. X

detailed discussion of the bicchemical methods is given in the appendix.
- 1IL bbrphology
Gastrlc mucosal b10p51es were Laken w1th the A.C.M.1. #7035A

Teflon coated spike forceps fraom 11 spec1f1c sn:es as ulustrated

o
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"in Fig. 2. Eight biopeies were taken fram the antrum: four frtm
-_the lesser curvature beginning at the incisura angularis and at
approximately 'eé;ually distant segments distal}ly to the pylorus ; and
' similarly, four fram the greater curvature beginning at a point
opposite the incisura in a distal fashion to"the pylorus . Three
.biopsi_esv were‘obtained fraom the body and fundus ’of the stamach.

One was taken fram the lesser curvature midway between the gastro—
esophageal junction‘ and the incisura. TwO biopsies vvere obtained
' fram the greater curvature, one high in the Yody approxmately at the
junction between fundus and body, and another fran a site midway between
“the prev1ous biopsy and the area where the folds tapered off into |
the ‘antrum. " | |

~ Each biopsy was. oriented mucosal side up on monofilament plastic

mesh and £ixed in Bouin's solution (3 L. Sat. Acqueous Picric, 1 L. 38%
Formalin, 40 c.c. Glycyl Acetic) for approximately four hours. Bicpsies
were processed as previcusly described for small bowel biopsies

(Perera, Wemstein and Rubinl?‘o 1975). From the central core of each
specimen approxnnately 60 oonsecutive sections were prepared and stained
w1th hematoxylin and eosin. In ade.tion, another 15 serial sections

were stained with Alcian blue at pH 2.5 to help detect small foci of

'~ intestinal metaplas:La.

'I‘he biopsies were evaluated by Dr. Wemstein W1thout prior know—

‘ ledge of the clinical or endoscopic findings.
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IV Analysis of Results /

A. Pyloric Mancmetry : .

The pyloric region \was identifi'e"dv on the graphs by the site

of abrup't' PD change on pull-through. Furthermore, the appearance
. of ILES on the most prox:tmaltracmg oorresponded roughly to a pyloric

| location of the triple sidebéles (a leSSer—curve_ length of 15 cm) andb_
this proved helpful in cases where PD change was less obvious. Any
pressure elevations above basel:me gastrlc pressure were noted and
quantltated (amplltude and duration) . Pressure fluctuatlons with
resplratlon occurred, and the assessed value was halfway between peak |
inspiratory and ‘trough expiratory presSure. Basal and post—-acid
irﬁusion records were processed identically and the values oarpared

B. Radionuclide Assessment of Reflux 4 SR

. The analogue images were compared with the correspondlng barium

) sv'vallo‘w when available to better defir{e the upper gastrointestinal
anat-nny An appropriate "window" was then chosen to represent the

~ gastric body and ’furﬂus,’and an attempt made to determine visually the
presence of duodenogastric reflux. Activity time curves were generated
by light-pen definition of these anatamical regions and the floppy
discs replayed. In this way the time of reflux as well as the quantity

could be noted.

"C. Gastr:Lc Oontent Analys:.s

Gastric fluJ.d was tested for bllJ.rub:Ln soon after asp,u:atlon, and
R labe.r proo&sed in batches for total bile ac1d cholesterol total

ptnspholipid concehtratiohs, ‘bile acid fractionation and presence of

\
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Iecithin/lysolecithin. Accuracy of results was confirmed by repeti-
tion of biochemicai procedures on several safnples, as well as by using o
several different methods to measure one parameter in a single sample

(e.g. Cholesterol). ¢

The total bile acid concentration wyas found to be more reliable
than the ictetest -and therefore was chosen as the better criterion
for the presence of reflux in borderline cases. The amount of bile

refluxed was calculated by multiplying the concentration of total bile

acids by the volume of fluid aspirated fram the stcamach.

"D.__Morphology

The grad.mg systen was similar in both antral’ gland (pyioric gland)
and fundal gland q(oxyntié)' biopsies. Fach biopsy was élassj:ified as
éntral, fundal or transitional. Biopsies were classified as transitional
if there was a catbination of bdth\cle_ar—staining (mucous type) antral.
glar;ds ‘and parietal and chief ceils. Antral gland 'biopsies“thz_it con—
‘tained only isolated parietal cells, a not uncommon flndlng (Kiith1ra84,

1972), were still graded as antral gland type' and not transitional.

~

In abnormal biopsies, hﬂividual mfphol;agic features were graded
‘according to severlty of involvements, surface epithelium, neck changes,
if;flarrmatorj infiltrate,“ round cells (1ytrp}pcy;és anhd plasma cells),

" polymorphonuclear 1eukocytes or both. The pi:esence or abséncé of
intestinal metaplasia was noted and an apprékﬁnatioh of sevex;ity was
made. When the mflarmat_:pry :'i.nfiltrate“ or intestinal metaplasia i.nvplved
the fullaaepth of the mitosa in a poftiOn o:'c“all of the bioésy, the term

"full thickness" was used. In antral gland bio§§ies, apparent thirming

- : N,
\



of the glarﬂular layer without ihflamnatibn was not interpreted as

"atxopﬁy"' because of rbnnal variations in antral gland depth. On the

~ other hand, in fundal giand ‘biopsies ther term "atrophy” was used in

relation to biopsies where there was little or no inflénmation and:

cbvious presence of transitional gland elements or outright antral-gland-

appearing mucosa. e o o -~
In 6rder to be consideied interpretable for this stud.yv the biopsy

had to be déep enough to oontam ‘the gland laver (3% of antral biopsies

and ZSQ‘ of fundal biopsies did not include muscularis mucosa) . For

camputer analysis of varlous »abnormalities se've.rilty'grades were assigned _ﬁi

ﬁmerical values. Eath ‘biopsy was scored separately and mean values

calculated by averaging the numerical scores for that anatomic region



RESULTS
/

I. ggloric Pressure Studies /

Basal recordings were obtained in 10 normals , 3 males and 7 females,
of average age 22 years. ﬂme pyloric region was identifiable in 7
subjects by é PD change. In !'(3 cases this was not possible (no PD change
in two and eratic PD osc111ations m one) and their lecorqus were
excluded from the analysis. Remtu.%batlon of the duodenum failed in one
subjéct, leaving six st.lmulat}ed recordings for analy51s. The gastric

ulcer patlent records were eqammed separately. LES was readiiy '

'J.dentlflable in all subjé\ts as was phase III of the I D.M.E.C., seen

"in 5 cases.

A typical record is illustrated in Fig. 3. Channel.? shows PD R
change and chﬁrmel 1 marks LES Channel 5 shows a pressure peak with
a height of 10 cm HZO a 1ength of 2 m and locatlon just preceding
PD change. This could indeed represent the pylorus. However, there
are no corresporxhng peaks in channels 3 and 4 with press&re-senmtlve
openings at the same axial level as channel 5. Furthemore, channel

5 shows a second pressure peak beginning .5 am proximal to the site of

PD change with a height of 5 am H‘20.and length of 3 cm, This could

likewise represent the pylorus. ¥hich one is it? L

~

The dilemma is also danonstxétea by another ex’amplé (Fig. 4).
T‘i'xé/I.'D.M.E.C.» phase III activity;is seen just before starting the
rest:.ng m1?mmmh. Multiéle dlstmct pressure peaks are found with -
no apparent relationship across ciannels or the Sif:e of PD change.

|
C
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The results for the six normals at rest and six normals after
’acid infusion are graphically portrayed in Fig. 5. The records fram
the gastric ulcetf, patient are illustrated in Fig. 6. A total of 34
reoofdi.ngs were examined and all failed to show pressure peaks which
weré both localized to the area of PD change and camon to all three
channels at the appropriate level. Ironically, the subject most nearly
fulfilling those criteria was the gastric ulcer pat‘ient‘afte.r acid

infusion.

II Duodenogastric Reflux

A. Radionuclide Studies

Analogue evidence of reflux was present‘ in 4 of the 16 cases
~availab1e for analysis and three of these hwere positive on gastric
analyéis. The other 12 cases were considered negat;ive, alﬂ'lough six
of these prdved to be positive on gastric analysis. The mean age of
e s refluxers was 46.25 years and of non-refluxers was 45.17 years.
'Bhe sex distribution, persor{éiq habits and symptam scores of the two
. groups were comparable. ' Gastritis scores did not vary s:LgnlfJ.cantly
~ between these two groups, as portrayed in Table 16.
N -

S

B. Gastr:Lc Content Analysis |

a. Patient Population

Forty patients were included in this study of bile reflux - dag 4

and gastritis. All wére synptanaticand urﬁerqdi:g°gaétmsoopy. “There

were bnenty—flve females (mean age 45 years) and fifteen males (mean
age48years) 'I'heoverallnem'xagewasésyearswitharangeofn
to 87 years. Eight patients had undergone prevmus crnlecystectany

’
- =Y
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a.ndanaddlt.l.onal s:.xpatlent.swerefmmdtohavegallstorm The '
"',clzmcal dlagnostlc categories were: esophageal ocxupla.mts, 11 mses
' '(aC:haIaS.'La-3, gastmesophaqealreflm—G dlffuseeaophagealspasm
=25 dyspeps:a of m\detennmed et:l.ologv (20 cases), gallstones 6
cases), andmlsoellanews (icases v anglna pectorls, mvestlgation |
of anema, and chmnlc pancreatltis) Elghteen pat:.ents were mgarette :(,,_
su)kers fifteen drank alcotbl (none heaszly) and thlrty—one drank
coffee.. Total sympl:an scores ranged frcn zero to twenty—tm with a -
“mean score ofll 5 *.5. 24 points. I-‘J.fteen complalned of anm:exla and .
we:.ght loss. 'menty-four expenenoed symptanatlc mpa:ovanent with
antac;tds ~Other medications were noted but not mtegrated 1n the stugy
: k_because of the heterogelmtv of type and dosage. Excluded fmn the
" study were patlents w:l.th ment gastrgmtestlnal hemzrrhage, acutee ‘

: enosions, actJ.ve ulceratlon, and those with a hlstory of previous |

» gastrlc surgery

T b BJ.ochem.cal StudJ.es

‘ 'I‘hepresence orabserx:eofmsual gross. bn.lesta:mmgofthe
" 'specmen vas recorded for 25 of the 40 samples. The ooncexrtratlon of
total blle aclds (TBA) ‘was mvanably elevated if b11e stam.mg was

I

: ev1dent grossly Lack of b11e staining was n.ndJ.catlve of low TBA .

concentratlons. )
» ThelqtetestprovedtobeunrellableatlmpﬂforTBAcomen

: tratmns belm Im Molar 'I‘he 1owest TBA concentrat:.on glvmq a pos1t.1ve
result on mtetestwas 0 40mWL at pH 2. 5 and therefore thlsfcomentra- '
tion was chosen as the crlterion for the presence of. blle ref],v#: R

¢ . e toa . P : . X L |
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Discrepancies -occurred in four cases, i.e. - ictetést- was n'egative, )
but TBA chiceﬁtration was .4 m M/L or greater, and these cases were

g

grouped with the refluxers. N

Case # 32 TBA = 0.40mM/L - = pH 6.5

Case’§ 36 TEA'=0.44 o p2.0 . N
Case § 2§, ~ TBA=0.56 - 2.0 . 0~
Case # 40 TBA = 0.86 .  pH 1.9 |

% _ .
The total number of bJ.le refluxers was 18 of 40 cases (45%)

(14 were lctetest p051t1ve, 4 were 1ctetest negatlve, but all had

TBA ‘concentrations 0. 4 m M/L or greater) Table 2 shows the TBA
concentratlons p pH and volume and :Lctetest results forr each case. NS(; |
“in 6 cases, none with visual bile and all 1ctetest negat:.ve. 'I'he oo o

--dlStIlbutLOI'! of TBA concentratlons varied frcm zero to 9.0 nﬂol/litre. o

Cholestenol ‘total phosnhollplds , and lec1th1n/1yso1ec1thzn

estimations were carrled out on refluxers only, and the values are
shown in Table 3. Blle acid fractions are dlsplayed in Table 4 glvn_ng
the:.r concentratlons as well as percentage of the total quantlty
II1° mi@glg_gg B S S \

Multlple gastric mucosal blOpSles were performed in 40 pat_lents.
out of a poss:.ble 440 bmps:.es, 424 {96.4%) were avallable for analysm, -
3. 6% of blopsnes were too shallow to pexmlt satisfactory hlStOlOglc
‘evaluation, or were lost or damaged in processmg Biﬁ)sms wh:.ch |
- showed surface and glandular deta11 but lacked enough depth to 1nc1ude

' nuscularls nucosae were con51dered adequate for analys:.s. this circum-

N



" were excluded from analy51s. Tables 5, 6, 7, 8 outllne the 1

43

‘sta.nce arose in 3% of antral blopsn.es and in 25% of fundal biopSLes.

Transitional mucosal t;ype was present in 52 (16%) blOpSleS taken frcm

' the endoscoplc antrum, and in 11 (9%) blops1es fmm the endoscoplc
fundus. Fundal mucosal type was found in 42 (13%) blopsies from the
R endoscom.c antrum Only three (2%) b10p51es frr:m the endoscoplc fundus '

were called antral muoosal t_vpe suggesting f'antrallzatlon" of the fundus.

. Atrnphic changes were sought in fundal biopsies dnly and were

found in eight patients (16 biopsies ; 13%). Intestinal metaplasia was

present m 18 pata.ents (53 bJ.ops:Les, 12%) and varled cons:.derably in

lty ': ' RS .- '. -

The histologic data is presented in numérical form as gastritis’

scoxes in Tables 5(a - e). The total gast:c:LtJ.s score per blopsy was

calculated by surmat:.on of urilv:Ldual soores for each of five parameters
(surface change, . roun:l cell mflltrate, depth,’ polymorphonuclear leuko—
cytes, and glandular neck changes) and is presented in Table 6. Mean :

| gastrltls scores were calculated‘? for each parameter by addlng ‘the

L " rlate numerlcal value and leldJ.ng by the number of contrlbutory

S (average value) The mean values for various a.natcmlcal reg:uons‘

are presented in Table 7(a - d) - Table 8 is derived by addmg J.ndiv:Ldual

mean scores for the five parameters thus producmg the total mean

o

gastrltls scores for varlous anatam.c lelSlonS All b10p51es fran the N

endoscopic antrum (numbers 1l- 8) which shoned fundlc mucosal

Ly,

morphologlc data wh.lch prov1ded the basis for the follow'
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v Correlatlve Data . L .

A Gastr:Lt:Ls and Age -

Pata.ents we.te grouped according to ga'stfitis scores for“fvarious
anatomic areas and, as shown _'in"Taole 9, the groups conpared w1th ‘
réspect to age. In general, it was found that increasing gaStritic'

| scgre was associated w1th1_ncreasmg age_ 'of patients. Sequentlal

~ group oattpafisons do ot consistently a'ttai_n,'statistical signi%cance.
Hdoever, ccmpar:mg patient ages in groups of gaStiitis scores less |
than folt vetsus scores greater than four for each anatanic reglon

. shows a highly significantly differenoe '('p\< ‘.0‘01)' Thus, the patJ.ents

with greater morphologlc cha.nges are s:.gnlflcantly older than those

with lesser gastritis.

A clearer oorrelatlon can be found by,%a(anunﬁhg the problem J.nversely
- i. e. group1ng patlents accordlng to age and carparmg patlents scores.- |
». "Table 10 denonstrates the 51gn1f1cant1y ‘increased gastrltJ.s with :anreas— _
v ing age. Each 1nd1v1dua1 component was found to increase in parallel
= with the total gastr:Lt:Ls score v@en ccmparlnq different age groups as.
111ustrated J.n-Figure 7. The total Toean gastrltls soore was, there-

' fore,‘ represeritative of each 1nd1v1dua1 hlStOloglC parameter.

Atrophlc changes weri 1dent1f1ed in elght patlents , Toean age
61.8 years versus all other patlents mean age 42.0 years (p-< 001)
Intestinal metaplas:.a was present m@bpatlents, mean age 52.0 years
‘(mild in 10 patlents, nmean age 40.1 years; extensive in 8 patJ.ents

' mean age 66.8 years) versus 22 patle.nts without metaplasm of mean age

41.3 years (p < 001).»
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GastrJ.tls and Reflux o ' ' .

' 'I'here were 18 patlents wmh duodenogastrlc reflux as measured
by a total bile ac1d concentration of 0. 40 m M/L or greater in the
‘gastrlc fluid. Table 11 (a) datnnstrates sn.gnJ_f:Lcantly mcreased ‘
| gastritis scores in refluxersvcompared w1th non,-refluxers. - Slmllarly
.the amount -of bile asplrated frcm the stcrmach mrrelates 51gn1flcantlyb
. with :anreased gastrJ.tls scores (Table 12) for total and individual .
means Table 11 (b) glves further descrlptlve data comparing and con~
trastn.ng refluxers w:l.th non—refluxers of bile. \

A more detailed analysis of gastrltls as it related to total bile
s ‘ o

acid concentration is gi\}en in Table 13, ‘which :suggests that the best

‘correlatiol is found in fundic mucosa. The individual mean gastritis

scores aga_m appear to parallel the total mean scores.

An inverse analys:Ls of the problem was agam performed Us:.ng
the same morphologlc grouplngs as for age analy51s (Table 9), the .
sever:.ty of reflux with respect to total bile ac:Ld concentratlon amount
of total bile ac:Ld and percentage of cases per group havmq p051t.1ve
1ctetest results was correlated w1¢h increasing sev_erJ.ty of gastrltls
(see Table 14). Itbecomes’/apparent that a gSJ:'eater percentage of
" patlents with severe gastrltls have blle present in the stamach. THe
concentratlon of bile, however, was extrenely va_rlable, thereby
introducing a very large standard dev1at3.on, and fallmg to attaln
statistical s:.gnlflcance.. Table 15 ‘shows J.ndlw.dual mean gastritis
scores and the corresponding reflux parameters Again the pe.rcentage

of cases reflmcing correlates better with gastrltls than the amount

[
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of concentration of bile acids.

Using radlonucllde assessnent of reflux in 16 cases, it was found

—that there was no 51gn1f1cant dlfference in n‘orphology between refluxers

vand non—refluxers (see Table 16). ‘ V K : ) .

The presence and relatlve amounts of lysolecithin in the gastricv

fluid proved of no importance as a determmant of gastrltls, except

perhaps in fundlc micosa (see Table 17)

Duodenogastr:.c Reflux and Age

The, mean age of refluxers (53.0. years‘) was - s:l.gnlflcantly dlfferent

- from non-refluxers (40.4 years)_ Takle 18 shows age group::.ngs and

oorrespo’nd:'mg degrees of reflux. ‘A1l patients aged 60 years and over

were found to, reflux blle whereas only 20% of patlents aged 20 to 29

"years refluxed. The cancentrat'bon of blle ac:Lds showed ‘a lesser _

correlation with age.

Conversely, the age of ' patients grouped according to concentration

. or amount of bile acids present increased significantly (see Tables 19,

- 20). -

The mean age of refluxers w:Lth radionuclide testlng was 46 3

Pr&senoe of Gallbladder Dlsease

’ ‘ . Eight patlmts had undergone prev:.ous ctnlecystectcmy and an

. additional six patients were,fom'xi to have gallstories giving a total
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of 14 patients with gallbladder disease. Bile reflux was present in

57% of these patients campared to only 38.5% of patients free of gall- .
bladder disease (statlstlcally mSJ.gruflcant, 2 28) . I\breover, |
using Student's t test for two means, the concentratlons of total bile
"acids and amounts of blle amds were s:.gnlflcantly mcreased in the
diseased group (see Table 21). Also contalned in thJ.s table are the
correspondmg gaStIltJ.S scores of these two groups of patlents, agaln
showmg a slgm.flcantly :mcreased gastrltls in gallstone patJ.ents,

_especlally for fundic mIcosa.

~

b. Sext

The study J_ncluded 25 females of average age 44.9 years,

and 15 males of average age 48.1 years.’ Reflux was present J.n 52% of

fenales, but only 33% of males This dlfference provéd statistically
J_nsn.gnlflcant (x = l- 32). The concentratwn of total bile acids in’
fenales was, however, s1gruf1cantly hlgher in fema];es (t = 12. 97

p < .01). These fz.gures as\well as gastrltls score for males and fsnales
are presented in Table 22, Female patlents exh:Lblted both 1ncreased
reflwi and gastritis »compared to males. |

E. Matched Groups: Gastritis in Refluxers versus Non—Refluxers
Because of the sighlflcant influence of age, ‘sex and gal]bladder
dlsease onggastrltls scores, as demonstrated above, it became necessary
to oontrol these factors m order to obtaln a clearer understandlng of '
the role played by refluxed duodenal oontent. Indlv1dua1 cards were
constructed for each patlent contanu.ng only a number the age, sex and

gallbladder dlsease status. 'I‘he cards were grouped as reflmcers and
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non-refluxers and matched es_closely as possible. Beeeuse all older
patients refluxed, these'obulé not be matched, therby reducing the group
size to thirteen patient‘s each ‘Table ‘23 porfrays the natgched g-rogps'.
results, showing a significantly higher gastritis- score for feflukers
~ compared to non-refluxers. a . L
‘These same.groups of matched patients were compared with respect
._to multJ.ple additional factors, none of whlch shmved 81gn1f1cant
differences. The factors examined were: total symptcm sqore, J.nle hal
symptom scores, anorexia, weight loss, personal habits (smoking, coffee
and a\lcbl;ol _wnsm@ion) , presence of post-prandial pam, pain relief
w1th ahtacids, and evidé.nee of g.'astrfmxsqp_hyvor ihtestinal metoplaéia.

F G

o~

'F'. Symptcms
- The presence and severity of elght symptcms was noted and meerlcal

symptan scores ass:.gned. The average symptan score _was 11.5, with a
range of zero to twenty-two. No»"gignificant differendes were noted -
m camparing these soores for refluxers versus nen:-refhﬁ{er's (Table
.24) or fer types or severity ef gastfitis. I(Table 25). Inversely, the -
eeverity v'of symptams did not correlate with 'totaZ.L mean gastritie or

individual canponents of gastritis (Table 26).



DISCUSSION

8

I.  Pyloric Pressure

_ The perfused catheter system for measur:mg intraluminal pressures
has been used extensively experimentally and clinically, especially
_ for studying the esophagus and the rectum. Similar methods were used

BN

- to 'attenpt to demonstrate consistent manametric evidehce for a pyloric
sph.'mcter in humans, but these efforts proved frultless in our hands.

Other workers report varlable success, rangmg fram ccmplete inability '

(78) to attrlbutmg physiologic significance to

(54, 55, 131)

to delineate” a pylorus
- apparent differences in observed pressures. - Our recordings
were generally of good quality ‘ahd‘invariably-damnstrated the LES
:(lower esophageal sph_lncter) th.ch is of greater magnitude. The pyloric \‘
reglon d1d not show a s:LgnlfJ.cant rise in pressure at rest. Ih fact,

even w1th ac1d infusion there was no obvmous pylorus. Potential differ-
‘encemeasurements prcvedtobeauSefulmethodof 1dent1fy1ngthearea

of nucosalchange at the pylorus. The tube size was larger than that -
usedbyKayeandbyFisher(63vs53anD) I‘lnsfactorsl’nuldhave
made 1t ea51er, 1f anythlng to measure a pylorus because it would lie
closer to the mucosa. P051t10na1 change might have contrlbuted to our

lack of success, as our subjects were supine, but thosé of Flsher54, and

' Valenzuela132 were in a right lateral decubitus posture. , Kayé78

argued that the postural change- oould art.lfactually demonstrate a pylorus

*

mnanetric asymetry 1.f measured cnmm?é‘aﬁtlally has been described

for the lower esophageal sphmcter (W 140
for the pylcrus. This factor would be expected to have minimal influence

) and may well be present

9 . .
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on multiple recordings, especially with the three spaced openings
‘at the same axial level. |
No partmular significance can be attributed to the one case of
gastric ulcer hut she appeared tov demonstrate a pyloru_s and to perhaps

respond to acid infusion.

| Consistency in interpretation of manometric reoords of pyloric
pressures is lacking. Obsérver bias could play a major role because *
of lack of standard criteria. For example, Fisher, et als4 av_eraged’ ’
~ the pressure :elevations with pylorus to arrive at a mean “Dressure.
Thus pressure elevatlons were not oonSJ.dered essentlal in all record-
ings. Furthexmore, no mention is made of s:.mllar pressure elevatlons
occurring in the v1c1n1ty of the pylorus thus creating amblgulty
Presumably such pressure fluctuations were ignored by the authors th.le
_attr:.buting physiologic 51gn.1f1cance to spec1f1c peaks cons:.dered
to repres'eht 'the ‘pyloric sphincter. Our e;cperience would suggest that
‘ _addltlonal pressure peaks at the duodemgastrlc junctlon are the rule

_rather than the’ exceptlon,

Ay
8

Kaye and ccvworkers78 used rather rigid creter.la whlch are applled

to smu.lar mancmetrlc recordings but produce diametrically opposed
oonclusmns concexm.ng the pylorus. These workers stlpulated,that
'pressure ‘elevations must occur s:multaneously in, all recording channels

" at the pylorus and that a zero pressure is one channel should not be
averaged with other values. Instead, a zero value in the face of '
appropriate pressure changes in the other two recordings was interpreted

“as nullifying the presence of a pylorus. These criteria may prove .
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to be too stringent when applied to a signal with very low normal

pressures, but theS( point out the need for the establishment of

uniformity of interpretation of data.

Perhaps a carbination of positional manipulat'ign (Rt. lat. decubitus)
and a potect specific stimulant of pyloric activity would allow
consistent manometric identification of the pyloric ring. The element

of specificity is stressed because it would allow differentiation of

- pyloric pressure. fluctuations from various other: pressure changes in

the vicinity of the pylorus. Once this technical advance is accomplished

it would be possible to apply manometric methods, in a meaningful way

to the study of pyloric function and dysfunction in health and disease.

v

Asplration of gastric fluld at gastrosoopy has the advantage of
visualizing the pool d:.rectly and ensuring camplete emtylng However ’
the disadvantegesv are pany. BAs with other methods it can only deter— :
mine the presence of reflux over a brlef tlme period w1thout knowledge

of the ranalnder of time. PatJ.ents are premedlcated and- placed on their

£

side, both factors possﬂ:ly mfluencmg the presence of;;;eflux.
\ Certamly, any difficulty in mtroducmg the gastroscope would lead

to retcl'u.ng and resultant reflux. It is surprising that gastric asp:Lra— [
tion proved useful in. categorlzlng pat:.erfts. ' Lo L

The inc1dence of 45% bJ.le reflux campares favourably with other -

(10, 14, 21, 26, 27, 57, 71, 86, 91)

stud:, Increased reflux with

: age was found and wou]d be ant101pated in -support of the postu]ated

role in gastritis. The ‘ooncentratlons and  amount of bile refluxed
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varied greatly between patients. However, the total quantity available

for fractlonation into individual ccmponents was generally too small.

The 1ctetest aocuracy could have been mproved by fJ.rst clearmg the

- samples with sodium hydroxide (Ke_lghley ), but this step was cmitted.

Radionuclide testing for reflux was difficult to evaluate.’ Perhaps
the procedure was abandoned too early, and only sixteen patients were
tested. The four cases that refluxed were similar to the twelve that

did not when oanparing age, ~habits, gastritis or bile concentration. ~

/ It was difficult to dlfferentlate between true reflux into stomach and

artlfact from high counts in the overlymg small bowel at the llgament

of Treitz. Both methods of assessing reflux ihould be valldated by

rocmparlson to an absolute st d, but none is avallable. Repetltlve

: sampl:mg mlght have proved helpful in confiming or negatmg the presence

and extent of reflux but this was not done.

III Gastritis

The flex1ble gastroscope makes it possible to map out gastric

) muoosal norphology by fairly accurate samplmg from multiple sites.

- Gastrltls was @und to increase w1th age as expected fram prev1ous

A oorrelatlon of reflux w1th gastrltls

(2, 81, 84, 87)

wor’ k In splte of criticisms regardmg the accuracy of

gastrlc asplratlor as an indication of b:Lle reflux, a s:LgnlfJ.cant positive

wnstrated, This oorrelat’ionf

- pe.r51sted after oontrolhng for age, sex 'dvd_presence of qallbladder

disease, factors th.ch were shown to influence gastrltls scores. JIn vitro

and in vivo exper:.ments have demonstrated gastric mucosal changes
Seoondary to exposure to Pile or duodenal; contents(35" 36, 40( 88, 89)
but even this data is not undlsputed(z4 110) . A clinical study there-
fore, is unlikely to resolve the argument. ' \ .
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Radiologic and gestxosoopic negative dyspepeia is often diagnosed
as "gastritis" without histologic ev:.dence Such practice is wrong .
on two counts. | First, gastritis "is a histologic diagnosis which does |
"not correlate with endoscopic appearance. Secondly, the clinical
diagnosis of - "gastrit;,is" inplies that mucosal changes are responsible
for symptoms.  Our study suggests that no such relatlons'hlp exists.
Patients with severe symptans had similar gastritis scores to relatlvely
asynptomatic ones. On the other hand, patients with severe gastritis '
Smtatimes had few symptans. |

' The exclus:.on of certain patients frcm the study may have selectlvely
_influenced the resul*i:s Perhaps patients with acute gastrlc erosions,
fer example, would have a differeflt anatomic distribution of gastritis
(antral vs fundic) or possmly an atypical individual oanponent of
gastritis (poly:mrphs or surface change) . This study is unable to
exclude such a possibility. |
f 'A pyloric sphincter could not be d@nﬁs&ated manametrically in
ten nomal subjects and, therefore, the pmcedere wz:s not carried out

B11e reflux mpcurred in eighteen of forty symptanatlc urwpe.rated
cases m'xdergomg ggtroscopy for various reasons. Those patJ.ents having
: gastric bile showed 31gm.f1cantlv increased gastrltls. This oorrela—

tion pers:.sted after control}.:mg for age, sex and pnesence of gallbladder'
: -s\‘kv "‘ﬁ. N .

disease, each of whlch also i‘nfluenéed ga,gt:n;}tls SGOI'@SQ“: %

A 5*::
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R ~4. Centr:fugat1on at 2 000 ‘RPM for 15 m1nutes separatEd the ]°Wer dh

1

) a
- memoxA
f ) R o | o - &m‘. .
#v . PHOSPHOLIPID.ANALYSIS

T”\ 1 ml qugumen was. added drop by drop to g?—ai CHC1, - CH OH

‘..(2§) on the vortex and Teft to stand in excess of five m1nutes.

2. The ube was stoppered, shaken for 30 secondst brought to 25 ml
by add1ng nore CHC'I3 - CH3OH, and left to stand for an add1t1onaT‘

7 five m1nutes “ ‘ ;“:"A R

- water) was: added the tube 1nverted ]0 t1mes, -and 1eft stand1ng

for 10 m1nutes : »'f" "v. : ’_h o ,:

~ch1oroform -phase conta1n1ng the 11p1ds Phosphorus was then ‘

[ ml d11ute HZSO4 (1 ml concentrated H2504 to 2 luters de}onwzed )

T

]1berated from the 11p1ds and reacted w1th ac1d mo]ybdate so]ut10n.

to form phosphomo]ybd1c ac1d whlch was reduced by am1nonaptho]-

.-

. “su]fonnc ac1d to y1e1d a b1ue coTour by the: fo]]ow1ng method

\_“;].v 5 ml extract was evaporated to dryness 2 5 m1- of 5N HZSO4

added and the m1xture s]ow bo11ed
2 iﬁfter a b]ack or brown co1our change occurred, one drop of

30% H202 was added and heatlng cont1nued for at least 10

m1nutes unta] the c0ntents became co]our]ess If unsucceSSful':

L thvs step was repeated

oy

f3. A standard was prepared oy transferrIng O 5 m] of phosphate



o ke L
S R
N (O

RN c o ) . - : P
> ‘

' standard (0 08 mg phosphojus per m]) to a d1gest1on tube and

add1ng 2. 5 m} of SN HZSO4 2 5 m] of 5N H2504 was: used as &

“blank. The same amount of ugo as used 1n step 2 was added

. and the tubes bo11ed for |D minutes

4.

» 5.‘

- a]?owed to stand fona?1ve m1nutes

e R '
Contents were d11uted wyth a few m] de1onized watert coo]ed

to room temperature and transferred to 25 ml vo]umetrlc :
f]asks with repeated wash1ngs so the flask was ha]f fu1l

‘2 5 m] ammon1um mo]ybdate so]ut1on (2.5% w/v) and 1 m]

am1nonaptho] su]fon1c ac1d reagent were added COntents,were '

d1]uted to the 25 ml ‘mark with de1on1zed water, mixed, and
Measurements ‘of opt1ca] dens1ty were made w1th the Un1Cum S P
]800 spectrophotometer at 675 nm | |

Ca]cu]at1ons S B

g2

mgz phosphohp1d 0.D. unknown X 0‘04 x ]8 X ]OO X 25 X o

0 .D. standard
M]]]]mo]ar concentrat1un was found by emDJoylng the convers1on
factor | ' i

1 m phospho]1p1d B 793 mg/] o

o

i !f;lé'f’.‘\
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APPENDIX B - -

" TOTAE BILE ACIDS.METHOD L ‘ T

~ Reagents were: ¢ o ‘ S

], Buffer, 0 ] M‘sod1um perphosphate. \‘_" : é

2. Hydra21ne sulphate 1.0 M (3 4 m] 95% hydraz1ne plus 1.5 1

.concentrated H 504, q.S. to 100 ‘ml w1th de1onlzed water)

2

l

-f#;_»Enzymo pfepared from Pseudomonas testosteron1 (S1gma, Type ])

Procedure was carr1ed out as per Table 12. ANl tubes were

: Vthen 1nruoat°d at 37°C for 60 m1nutes. Spectrophotometr1c de;erm1n~
;at1ons were made at 340 nm. A graph\was constructed by p?ottxng mM

‘eoncentrat1on of chenodeoxycho]1c ac1d~standafd agaxnst opt1ca1

‘den51ty and values obta1ned for the bile samp]es from the1r opt1ca1

B By
- @ . ’ Bile'Sali_: Analys:.s frdceduie; g Aséey_ e . v

o ‘ T Blaxﬂé,(ml) _ Tésf‘,(mll) 'CDCA.. Standards ml

Tt

‘Buffer | 20 7 2.0 2.0 2.0 .. -2.0

“Hyarazine |- w0 ® o 10: a0 . 1.0 Lo

Comeg o es o8 os Lob o 0s g
o Bile w. - 0.003 0,003 =y e SO . AR

‘Enzyme - [ | % = ,0.025 #z ozs 0.025  0.025

. Boiled Enzyme . 10.025 o - -

' i . Cheno‘eoxycholate Acid S - 0 Dl 0.03 S 0.05
i B N ST I - o .

g T - v . o S . R



APPENDIX C

© BILE, ACID"FRACTIONATION' (6LC)

Pneparation,ofﬁga@pleé (To;be done'in‘deljcate)

iy
S
.

~Standards ' o . o R k " o
. @& IR
ERE To three 15 m1 capped test tubes add 50 100; and 200 u]-of‘

- chq;1c, chenodeoxychol1c and cho11c ‘acids. _
fa 2.; S1m11ar1y add 50, 100 and 200 w1 of a. 0. 4 mg/ml methano]1c -

’

j.solut1on of‘cho]éstero] o ; .
3.'_Add 100 u] of az mg/m] ethanollc so]utwon of 7- ketodeoxycho]wc :

-acud as an 1nterna1 standard

P s Congugated Standards

1.' To a s1ng1e capped test tube add 100 u] each of 2 2 mg/m] so1ut-

§ 1on of ' and taurochenodeoxychc11c ac1ds
. ) L R th&" 1 ’ :
2. Evapn}an'g‘.%: ességpfa 60°C water bath b]ow1ng“with n1trogen ‘

‘Speezmens - Recoverzes ' o
. 3 : . .o : Q N L g
YRS IS D11ute spec1men by add1ng 100 u1 to 3 m] acetate buffer

2. Add 1 m] d11ute bile to ihreevcapped test tubes ”1 2 ~and 3

and %aurochénoonxychol1c acids to tube #2

%

74

an ethano]1c so]ut1on conta1n1ng 0.5 mg/ml of 11thocho11c, deoxy~ '

LA R
~?3, Add ]00 u] each of the 2 mg/m] ethanol1c so]ut1ons of . g]ycochollc -
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49 Add»]OG“p] cho]ester 1
e % S

o ‘Spéfgimens - .dttwnal

:'u; Prepare d1iute blle as’ above and add 1 m] to a s1ngde capped test

. tube Repeat for as many samp]es as necessary. o _ ;”é@wdyh
. G - » .‘ ‘ «, ‘:, " )

Pmparatwn of Enzyme
L

1ﬁﬂ “For each spec1men p]us the conJugated standards gr1nd 10 mg
"/C]ostr1d1um welchii acetone powder (conta1n1ng cho]y]g]yc1ne.
hyaro1a§e) with 10 mg alumina‘jn a nortar. Add 4 mg d1sod1um
* EDTA and df‘ss,o]vve in 1.5m ,ac%até buffer. Add 0.15 ml of a
0. 1-mrsd16tion”af s;mercaptoethano1 Centrifuge at 2000 RPM for

) e M,-
a few m1nutes -and retaln supernatant.

© 0 : 2. Add 1.5 m1 enzyme. so]utlon to tubes conta1n1ng spec1ml&s and
congugated standards f ‘? ; i j‘$;, U ¢

4

4

FY 3 React in a 37° C water bath for 4 - Sagours
M 4. Pr1or to extract1on add 200 u] of the 0; 5 mg/mﬁﬂéolut1on of free

" " bile ac1ds to spec1men recovery tube a3, f" . “;’ '-“ﬁ“yﬂ;ﬁ§5‘3"w
.- . . ’ 32 (‘:!.'3»'“. T i
R T : Extract1on of Free Bile Ac1ds S
N - " M .
fl.»ﬁkcudlfy to pH 1 by add1ng 1 m] 6N HC1
B
2. §§d3§ mlxether and run on shaker for 5 m1nutes Centrwfuge at -

2000 RPM for one m1nute, and p1pette supernatant into a capped

J_ftest tube to Whlch has been added 100 ul of a 2 mg/ml so]utxon of

Repeat extract1on three add1t10na1 twmes

:ngé'

_Evaporate”to dryness in 40°C water bath, b]ow1ngww1th nitrogen.

ﬁ i w ﬁ W



| ~ Methylation o
To each test tube (standards and tests) add 1 ml of a 5:1 mixture of

/.,

ether methanol.

- Preparatzon of Dtazomethane

‘_ 1. _Stopper two 50 ml test tubes and connect w1th g]ass tub1ng
proaectlng 2 cm into the top of the- react1on tube and prolectwng
“to ‘the bottom of the co]]ectlon tube. A second piece. of tub1ng
: (Nz inlet) goes through the stopper to the bottom of the react1on ‘
‘tube, and K3 th1rd plece (Nz out]et) proaects 2 cm through the
stopper of the co11ect1on tube |
2. D]St]]lat1on apparatus is placed 1n a well vent11ated fume hood
and the . caollection tube is 1mmersed in a beaker conta1n1ng ice.
:3; 'Ad:NIS'mljether tQ the co]]ect1ng tube and 7 ml ether to the '\S‘/
react1on tube.t - , v
‘4t Add 0.5 gm D1azold and 2 ml of a]coho11c KOH (1 5 gm KOH/3O m}
\’ ethano]). Stopper tubes and'bubble'Nz through, untll,react1on"wm‘.
tube becones‘whitiSh (20 minuteS) | |
'St.(Add 1.5 m] diazomethane and react (10 mlnutes) until there 1s a

. pers1stent ]1ght ye]1ow co]our T1ght]y cap tubes . »ﬁ;‘%?‘ﬁétp
ol

,,,,,

g ¢

with NZ'

Pr;paration of "TFA Der1vat1ves

QD '. . . . te

.1 1. Add 0.3 m1 tr1f1uroacet1c anhydr1de and t1ght]y cap tubes. React‘

-at 37°C‘1n a waterwbath for 30 minutes. Evaporate to dryness in
~a 60°C water bath by b]owwng with n1trogen

2.7-D1ssolve res1due in 200 m] acetonltrtle

AN



., .Preparation of a Colwmn

, 1. Silanization

g - | . LT

GasA]iquid’Chrgmﬁﬁograghz

e

. a. A glass column 1/8" x.3 ft. is washed with 50 m]«of DIN,
| methano],.écetone, ch]oroferm, and teluene;‘theh silanized
under»a vacuum with 80 m] 2% dimethy1ch]orosi]ane in to]uene
- (DHCS). ) ) o
b. Rinse with 200 m1 methanol and ‘leave under vacuum unt11 dry,
6_hours .
'e. Glass wool. Soak 1n ]/200 photof]o/P20 for. three hours blot

'dry, and dry at room temperature

%, 2. Packing- L / o |
a. Place a.small plug of ‘glass wool in- the outlet and -under’

~.

vacuum pour small amounts of QF-1 (1. 57 on chromasorb W Aw- |
'DMCS 80 <. 100 mesh) into the inlet via funne1 and tublng
-
Pack by tapp1ng co]umg§w1th a pencil covered Math rubber
tublng ' F111 to 5 cm be]ow 1n1et - 5v”u‘ v
-b. Protect inlet w1th a small p]ug of s1a11n¢%§d g]ass wool

c. erep on vacuum overn1ght

3. Co]umn Cond1t1on1qg IR ' &:. -

.ATV\é; Condition at 240°C (QF- 1 temperature ]1m1t 250°) for a m1n1nan

" of 48 hours, w1th the out1et disconnected and the carrler gas

f]ow1ng at about half normal rate o - o

'.7Ana2yszs Conditions

Injector - ' 280°C - - ’ L o R S



Manifold 299° i
Cplumn - 200° x 1‘mihute, increase\by_]é9 per minute to 230°
Nitrogen 50 m1/min | | |
Inject 1 pl samples..

s Results - Calculations

- . : %
v

. Peaks from the four free bile acid standards w1]1 allow construct-

jon of a standard graph for each blle ac1d if des1red. They can

also be used to program an instrument such as the Hew1ett Packard

a sample. N

_ Percent recovery: extraction can_be determined for free bile

acids and cholesterol from recovery spec1mens £1 and n3 umountg,

i.e.,

B11e + standard (#3) - Bile (#1)»x 100
, . standard . R ‘

‘Percent recovery hydro]ys1s can s1m11ar]y be detern1n°d us1ng

the results from the conJugated standard hydro1ys1s and the

' resu]ts from recovery specnmens #1 and #2

811e + conjugated standard (#2) - Bi]e’(#ll_x 100
, : conJugated standard Y ‘ ;

If percent recoveries are acceptab]e, add1t1ona1 spec1men resu]ts

may be used wlthout further ver1f1cat1on if du311cates agree

78

~ 5830A GC to calculate the amounts of the individual b11e acids in
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o TABLE 1: PATIENT POPULATION

-

‘Diagnostic Categories . | No. of Patients

* Esophageal Camplaints : L 11
. - achalasix | ~_3 |
- G~E Reflux . \ .

- diffuse Spasm'. , 2
Dyspepsia =~ - S 20

'~ duodenitis A

- "gastritis” 5

- unknown - 11

- ‘Gallstones . ,‘ ~ . .' 6

" .

*Chrof;ic‘panclqeatitis 1 . RN S B

\ 7t . o ’ . ' N e : ‘

)

el

Total Number of Patients:.. = " ... .o e 7 ', 40
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TADLY 2:  REFLUX DATA T
Concentrations Amount. Total .
Casec No.  Volumc (ml) pli  Ictetest.  Total Bile Acids nile Acids ot
‘ - (m1-1/1) QM) ‘
) 1 ‘a1 1 - 11 Y 2.3
2z 105 1 - .07 74y % -
3 0. v - . B vo "l-g .
/ 4 35 1.8 + 1.36 47@_{, 1S o % |
\ 5 11 1.7 - "1 11 8 i X
-6 42 1 + . 1.08 a5.4 .MEE i %
7 24 .5 - .07 12,
8 un 6.5  + o« 167 18.0
9 25 1.8 - .i.\lz 3.0
10 22 3.5 - .08 1.8
11 o, 2.4+ .6 12.6
12 28 5.6 - - - .
13 30 2 - 12 3.6 - e
14 35 2.5 . . A 14.0
15 13 3 - - -
16 10 4 - L, -
17 6 - .13 9.1
18 1 . - -
19 20 1.8 - ' .07 1.4
20 29 5.8, + 9.0 261.0
21 10 1.5 - - -
’ 22 .15 7.5 + ' .64 9.6
.23 23 .5 - .07 . 1.61
24 12 4 _— .12 1.44 .
25 19 B T .08 1.52
26 V) 4.5 4+ " 4.68 796
27 25 2 e o .56 14.0
28, “28 3.4 - D U 4.48
29 32 3 - .25 s P
30 8 7 ' .5 4.0
31 18 3 , .6 '10.8
7 47 6.5 + 40 17.9 ]
33 27 25+ Co1a2 30.24
: 34 88 7.8+ . 8.: 728.6 :
o35 15 3 + 6.32 - 94.8
’ 36- 45 2 o .4 19.8-
37 . 54 4.5 - 14 7.5
2 38 29 ‘8.5 + 4.08 118.3
39 4 3 \ ) .09 . -36
40 2 1.9 .+ .87 20.0 -
, > ® . ) ,
* negai:%vé ictetest_charqed".beg:ause of concentration TRA T
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\;\ﬂ‘ A . B . - . » .
TABLE 3: REFLUX DATA II

Case No. Cholesterql ~ Total Phospholipids - Lecithin = Lysolecithin .
(/L) -~ . . (ML) ~ e

»

.21 2 1+
. .05 2 0
.41 0 -‘ iT\,\§f 1+
1 e .10 TR 0.
14 . .18 T 0
20 .72 ., 0 5
22 .18 2+ T
26 . .88 * a+ 4+
30 .18 0 0
31 .13 Tr
32 - 0 . 0
33 .13 BT Tr
3 - .80 1.8 e 4+
35 36 - S 2+
38 1.01 | S 057 L 3+ 3
. .
3,
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R | S « P
BLE 4: BILE ACID FRACTIONATION R U
. o : ' .

Case No.  Lithocholic Acid ‘ Decaycholic Acid  Chenodeoxveholic Acid Cholic Aeid
, | ™ML % mWL £ mML 2 Ly

.03 165 . .11 6.4 CI2s  20 | 42,6 T
€ .06 9.1 . .05 7.6 28 42,4 .37 40.9
8 1 .09  7.5¢ .22 18.3 .64 - 533 .25 . 20.8
1 o 0o 7 .03 183 .09 563 .08 25 v
T4 6 0 . .06 28.6 £.06°  28.6 - .09  42.9
20 48 7.2 21 3137 1.8 269 ‘2.3 34.3
22 . . 2.9 .09 26.5. L1000 294 . .4 4L2
26 .09 3.0 .78 26.0 - .58 19.5 . 1.58 52.7
27 .06 113 .10 189 - . .17 32.1° .20 37.8
30- 0 0o .06 30.0- 06 30.0 .08  .40.0 -
31 . -6 0 .05 333 .05 333 0 7 .06 T 33.3
33-° © .02 3.8 .09 17.0 .24 453 .8 0, 34.0
34 © .13 2.1 148 2437 .58 42,3 C1.88¢ 3o.8
3B . .05 .35 0 .25 172 . .54 3720 .6l 4l
36 ] .02 6.9 ' .06 20.7 13 449 .08 27.6 .
38, 200 6.3 1.36  42.5 93 241 .66 20.7
40 .13 183 19 26.8 | .27 38.0 a2 ,16;9
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TABLE 5(a) :
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"33
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36
.
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. pepth of Infiltrate

| (Superficial=0; Full Thickness=1)

BiopsYﬁo
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(Normal=0; Mild=1; Moderate=2; Severe=3)

Case No.

.Biopsy No.

11

10

~1

-1

-1

-l

» 10

11

12
13

14

15
" 16

17
18

50

19
20
2
22
23

o

LAY

2

25
26

27
.28

29

-1

30

N

I

33
k!

35

&

36
=)



n
-1
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.

s

1

-
»

.

-0

4

Neck Changes

-1

; Moderate=2; Se’vere=3) ’

~ (Normal=0; Mild=l

TABLE 5(e)
Biopgy No.

slogy:

~1

Mo
-1

10
1
12
13
14
15
.16
17
18
19
20
21
22
23
24
25
26
27
28
29°
30
31
" 32
33
34
35
36
o

“ case No.

'
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TABLE 6: TOTAL GASTRITIS SCORE PER
- ._“ . ) "’ - l .. "
{°F" = Pundic from Endoscopic Antrum)

-

\

.

'

Biopsy No. -

11

10

10 -

11

1

1

11

13,

12

10

13

10

12

1

10

13

.10 -
10

10

1

1

14

15

0.
1

36
17
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!
1
1
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© o o'~ o
ot .
C-Q |= N @
~ :
N O N0
t
™ o T ‘B,H v
T
* |
m o b 8“6
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34

10 13

12.
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‘12

12

35
36
37
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11

10
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| TABLE 7(a): WHOLE GASTRIC TDIVIDUAL MEAN GASTRITIS SCORES - '
omo, | BTN S, 32,
Lo o . 136 - a8 - 27 154
G2 o' o 0" S0 o
-3 ) 33 - 0 o . R I 207
4 "1.82 2,09 - . .54 o1 2.54
5 .18 T .64 0 8 1,09 -
6 o . 0 0 "o 0
7 1.0 2u45 36 1.09 2.54
8 ~.80 2,70 .50 1.70 2,20
9 o 60 a0 o . ko
. 10 R O I Y 3 56
- 1n 20 1,36 .27 .18 27
' 12 Y 0 .82 09 .27 ©1.00
: 13 1.8 218 o 1.27 2,18

1.8 2713 45 Tl.64 o . 2,01
28 L 1.82 L 36 . .64 1.3
) o ' 7 .09
) B .36 0 213
60 2.60 | .60 .60 v v 2,20
| o . 0o - o .44
.64 09% ) o 1.78
.20 Q0. .0 /7 o " .50
.64 1.73° .27 4 .45 - 2.82
0 ) o .45
.10 0 0 .60
25 1.00 22 4 - i T 256
-~ 26 "o.90 ' 1.50 RREREEN: - S 118 - '3.00
’ 27 .90 2.10 .20 1.10 T 2.00
. 70 ¢ 10 - 45 1.09 12,36
29 S A R S T 1.00 /
I 40 F2300 - o .40 1.50 .-
i 127 ¢ o1a .60 .54 © 2000
32 2,00 2.9 2 nae . 2.8
IR T 1.5 .09 .36 127
= N 1.82 © .36 . 1.64 E 2.50
35 .30 $1.0 o .27 - 1.3
36 118 - 2.09 s 138 1.36 L
37 0 0 0 I T
38 70 209 70 ) R 3.00 o
39 N .18 .0 0 .27 a
40 o - -+ 10 - X\ .80 1.0
- i
X ‘
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TABLE 7(b): WHOLE ANTRAL INDIVIDUAL MEAN GASTRITIS, SCORES

Surface Activity Depth of

case fo. Charge Index Infiltrate POIW dgme?:s
1 "o 233 - .33 " .50 ' 2.33
2 0 0. o - 0 0
3 © .40 0 .0 o 2.40 -
4 2.50 2.63- - .63 1.12 ©3.00
5 R TA 140 0 .40 2.40
6 [ 0. 0 0 _ 0
3 1.50 3.00 - .50 1.2 2.88
8 1.00 283 .67 2.0 13.00
9 o - 1.00 . .20 o ©1.20
10 . .60 0 0 0 _ 1.00
11 .29 S1.88 .38 .25 1.75
12 0 - L.s0 .17 .50 1.67
13 - 217 ' 2.83 0 1.67 . 3.00
14 1.25° 3.00 .50 1.88 - 3.00
15 1.43 - 2.57 57 . 1.00 2,00
16 0 0 : o ' 0 .17
17 0 25 . 13 0 2.13
18 .29 2.42 7 .43 2.14
19 0 0 0 o : 40
20 .50 0 ‘ ©1.50 -
21 .33 0 0 - .83
22 .13 0 2.75
23 0 0 .71
2 o 0 1.00
25 1.00 .57 3.00
26 1.29 .80 0 3.00
27 1.13 2.38 .13 2.38.
28 1300 2.17 o v 1.00 3.00
29 0’ 0 .0 0 1.25
30 0 227 | .50 .33 - 1.50
31 2.00 3.00 .86 .86 3.00
32 2.33 3.00 .33 1.83 2.3
33 0 2,17, 7 .66 1.66
34 1.5 1. .38 1.2 2.29
35 .43 1.29 0 .43: 2.00
36 1.83 '2.83 .83 1.67 2.17
EY) 0 0 0 0 0
38 .50 '2.86 .86 1.86 - 3.00
39 0 w25 0 0o - .38

1.17 1.43

B
o
(-]
)
.
n
o



TABLE 7(c): DISTAL ANTRAL INDIVIDUAL MEAN GASTRITIS SCORES

-~

oM. e’ mmdex’  mficete  Polmorphs o Neok
1 0 2.50 .50 .50 2,50
2 0 0 0 o 0
3 o o 0 0 2.00
4 3.00 2.50 .50 1.25 3.00
5 .50 1.25 0 .50 2.25
6 0 0 0 0 0
7 1.50 3.00 .25 1.00 2.75
8 .67 2.67 .67 1.67 3.00
9 o 1.00 0 () 1.00
10 . 1.00 0 0 0 1.67
11 .67 2.25 .75 .50 2.25
12 0 1.50 o .75 2.00
13 2.25 2,75 o 1.75 3.00
14 1.00 3.00 .50 1.75 3.00
15 .25 2.75 " .50 1.00 2.00
16 ) 0 0 0 .25
17 0 0 0 ) 2.75
18 .50 2.5 .75 .50 2.0
19. 0 0 ] 0 1.00
20 0 0 0 0 1.25
21 .50 .25 0 o ©1.00
22 0 1.00 0 .25 2.75
23 0 0 0 0 1.25
24 0 0 0 0 1.00
25 1.00 2.50 .50 ' 1.00 3.00
26 1.33 1.00 0 75 3.00
27 1.50 2.50 0 1.50 2.50
28 1.25 2.25 1.00 1.25 3.00
29 0 .0 0 0 2.00
30 0 2.00 .50 .25 1.5
31 '2.25 3.00 1.00 1.00 3.00
32 3.00 3.00 .67 2,00 3.00
33 0 ©2.00 .25 75 1.50
34 0 .0 0 0 -1.33
33 .50 1.5p "o . .50 2.25
3 - 2.25 3.0 .75 2.0 2.0
37 0 0 0 0 0
38 0 2.75 .75 1.75 3.00
39 0 .25 o - 0. .25°
40 0 1.5 0 1.0 .75
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' TABLE 7(d): WHOLE FUNDIC INDIVIDUAL MFAN GASTRITIS SCORES

*

/
v, Bufio ety et e, ot
: o
1 0 .33 0 0 .33
2 0 0 0 0 ()
3 0 0 0 .0 .33
4 0 .67 .33 .33 1.33
5 0 ) 0 0 0
6 0 0 0 ) ‘0
7 0 1,00 .67 1.67
8 .67 2.67 .33 1.00 1.67
9 0 0 o 0 0
) 10 0 0 - 0 0 0
1 "o 0 ., 0 0 o
o , 13>f/ . 0 0. 0 0 .33
‘ . 13 .33 1.67 0 1.00 1.00
14 1.00 .2.00 .33 1.00 2.67
15 .33 .33 0 0 0
16 0 -0 0 0 0
17 0 2.67 " 1.00 0 -1
18 1.00 3 .50 1.00 2.00
19 0 0 0 0 .33
20 .67 0 0 0 2.00
21 0 ) 0 0 0
. 22 " 2.00 3.00 ) 1.00 1.00 3.00
23 0 0 0 0 0
™ 24 0 .33 0 0 0’
25 .67 1.00 0. 1.00 °. 1.00
26 0 2.67 1.00 1.67 3.00
2 0 1.00 0 .50 .50
‘ 28 .33 2.00 o 2.30 1.67
29 0 0 0 0 0
30 1.33 2.67 .33 .33 1.33
h 31 0 [ ) 0 o
32 2.33 2.67 0 2.67 3.00
33 0 1.00 0 0 1.33°
X 34 3.00 2.67 .33 2.67 3.00
35 0 o 0 ) o
) 36 .33 1.00 0 .67 .33
.37 0 o 0 0 0
38 1.000  3.00 , -3 2.00 3.00
39 0 0 0 0 o
40 0 0 0 .33 0

92



TABLE 8: TOTAL MEAN GASTRITIS SOORER

1

Case No. Whole Gastric . Whole A;rtral Distal Antral Whole hmtﬁl
1 3.35 5.49 6.00 .67
2 0 0 0 )

3 2.50 2.80 2,00 1.00
4 7.81 4.89 10.25 2.67
5 2.09 4.60¢ 4.50 ]
6 0 0 0
7 7.9 4.13 8.50 3.33
8 7.40 4.50 8.68 6.33
9 1.3 2.40 © “2.00 0
10 .89 1.60 2.67 0
1 3.28 4.55 6.42 0
12 2.18 3.44 4.25 .33
13 © 6.81 9.67 9.75 4.00
4 8.91 9.63 9.25 7.00
15 4.27 7.57 6.5 67
16 .09 .17 .25 0
17 3.40 2.51 2.75 3.67
18 6.50 5.99 6.25 7.50
19 .44 .40 1.00 .33
20 2.46 2.17 1.25 2.67
21 .80 1.33 1.75 ()
22 5.82 4.38 " 4.00 10.00
23 .45 .7 1.25 0
24 .70 1.00 1.00 .33
25 7.22 7.99 8.00 4.50
26 6.96 6.09 6.08 8.33
27 6.20 7.27 8.00 2.00
28 6.51 8.00 8.75 6.33
29 1.00 1.25 2.00 0
30 5.00 4.50 4.25 6.00
31 6.32 9.72 10.25 0
32 10.11 10.32 11.67 10.67
33 3.26 4.66 4.50 2.33
34 8.23 6.92 1.33 11.67
35 2.93 4.15 4.75 0
36 6.26 9.33 10.00 2.33
37 * 0 0 0 0.
38 9.21 4.08 8.25 9.67
39 .45 .63 .50 - 0+
40 2.8 4.10 3.25 .33

P

P



Anatomic
Area

Total Mean
Gastric Score.

TABLE 9:  GASTRITIS AND AGE

3

Whole

Gastric

- Whole
Antral

Distal
Antral

Whole
Fundal

o/

~ o e

<1.00

.01-4.00
.01-7.00

>7.00

<1.00

.01-4.00
.01-7.00
.01-9.00

>9.00.

<1.00

1.01-4.00
4.01-7.00
7.01-9.00

>9.00

0
<1.00

1.01-4.00
4.01-7.00

>7.00

No. of Average Age

Cases (years)
L \

11 38.4
11 41.8
10 - 55.1.
8 ) 51.4
4.28

33.1

11 53.9
4 46.5
9 50.9
7 44.1
11 44.0
9 41.4
7 47.7
6 51.8
14 39.1
7 45.0
8 48.0
5 54.0
6 54.5

Significance
(unpaired t-test)

94

Significance

Gastric Scor
<4 vs >4

A

z 2z =z

.05
.01

< .01

< .05

.05
.05

n n n wn

P

P <

p<

p <

.001

.001

.001
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/ ,
TPABLE 10: AGE AND GASTRITIS
/ . g :
. ~ Age Groupe (years) '
Total Yoan Gas Lot | 70-29 30-39 2049 50-59 60-89
Mscz 77 (5 cases) (10 cases) (12 cases) (6 'camss) : (7 cases) °
whole Gastric 2.02 3.09 4.66 6.21  6.41
(p < .05) (p < .01) (p < .01) (N.S.)
whole Fundal .71 2.19 1.94 4.11 '5.90
* (p < .01) (N.S.) (p £ .01) (p < .05
o4 “ -
whole Antral 2.51 3.43 5.68 7.0 6.61
Distal Antral 2.90 3.83 5.40 6.34 5.56
Whole Gastric Individual
Mean Gastritis Score had
2
Surface Change 11 .40 .44 .66 98
Activity Index .49 .90 1.12 1.72 1.79
(Round Cell Infiltrate) ”
' i
Depth of Infiltrate .04 .15 .19 .33 .34
Polymorphs .13 .35 .54 S .94
Neck Changes .67 1.39 1.46 1.92 2.10



'~ Whole Gastric |

‘Whole Fundal -

‘ “Surface Qhange

R

R

" Gastritis, Scores: -

TABLE 11(a):

' Bile Refluxers

(TRA > .40. mM/L) |

(18 cases)

«

BILE REFLUX AND GASTRITIS -

Non Refluxers T
(TBA <-.40 mM/L)
(22 cases) o ,

" Whole Antral

© Distal Antral-

B

" Lesser Cuxve Antral ;

*

. Proximal Antral :

-

e

\' : '.

;‘6 25 + 1.12 {(s.p. )
 §$6§}. 
sfzé”
‘5.14:"” 

- 6.94

& 1.05

307+106 (SD)

(p< 001) .

;73 67

3,99

1.47 -

3.72

3.35

Whole Gast.rlc s

‘ ’Ind1V1dual Mean

Gastritis Scores: -

(Round Cell Infiltrate)

 Depth of Infiltrate

B Neck Changes ._

.83

1.77

.91

1.97.

.29 |

.79

.12

C W31

- 1.15 .
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| TABIE 11(b): BILE REFLUX AND VARIOUS O

L

2

!

* ' Fackors . -+ 'Bile Refluxers ‘ -~ Non—Refluxers -
No. of Cases . g |
o ' ) ]

I

!
|
i
{
!
!
|

Average Age (years) o | 53.0  o .40.4 ,
: S e ' : - | s .
, ) | _ - !

pH o L 434 iz'.43/' 3225153!

Sex SR C1BEsM o L REION N

Gallbladder Disease (%) 44 Y AR A
_Smokers (3) - . s00 0.9
Coffee Drinkers (%) o 72.2 | | - g1.8
_Alcohol Drinkers (%) 2.2 o 50

‘Intestinal Metaplasia (2) T
‘Absent s 713
| Mild, Moderate 3.8 ' 136
Severe S 33.3 D )

Y

Anorexia/Meightloss (8) . 555 22.7°

Relief with Antacids (%) .50 N

o



-,
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. TABLE 12:.

'Tbtal Mean Gastritis -
‘ ScoreperAnatomlc o

.

_ Area

~
By

N

e *0'4;"5u
(12 es)

5
A

PR

\

4-15

(ll'cases)'

K - . : \\\\)__, . .
Amount of Bile Refluxed (uM)

AMOUNT* OF BILE REFLUXED VS. GASTRITIS = = .

15-75

- (7 cases)

>75 .

(5 cases)

Whole Gastric

_Whole Antral

Whole

Lesser Curve Antral ..

33.3
' p <
- 4.17

1.09

" 3.87

(> -0

4.74
.01y

' 5.19

3.51

5.39

p < .01)

(I‘].‘S-’)

 5.89.

6.78

3,52

e

' 6.98.

(N;s;)

6.04

5.93

" 6.33
.01)

' 5.76 :

+ Whole Gastric

Individual Mean '

Gastrltls Si9res

Surface Change

Act1v1ty Index

(Round Cell Inf;itrate)

.3"Depth of Infiltrate

‘ Polymorp@s -

/":Néék Changes;”

!

.81
.09 " »‘V" »
.32

1.25

. ._‘83“
1,76
°.26

1.01

1.61




TABLE 13: TOTAL BILE ACID CONCENTRATION VS. GASTRITIS |

NN

Total Bile Acids Concentration (m/L)

: 0 : : e - Y
0-.10- . . .11-.39 L4010 >1.0

- No.of Cases = . 8 8 _ 9 9

_ Gastritis Score *

\

~ ¥hole Gastric 52.'_78 \(Nv.s.) 3.36 g (p < .01)  6-.’26 .S 6.23
hole Antral 3.50 P K- I 6.07 5.89
Wole Fundal | 84 2.0 | a3 s
'Disi.:_alAz.\'nt;.;alv o 3.51 n "14...46:‘ | 5.19
| ‘i?'rox-imal antral 3'_.50‘ | 3.20" 7.52

. lesser Curve Antral. 3.22 To4.22 16.50

| Individual Mean = ‘ o .
(Wwhole Gastric) .- " : . ‘ .
Gastritis Scores

' Surface Change = .33 | 24 .86 .19

»

Activity Index ‘. .67 - - .88 . 200 1.52
Polymorphs . . .28 33 . 93 - g9
. Depth a0 0w 3 a9

%ech Changes 99 1 ©x300 . k97 1.96
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100
' TABLE 14: GASTRITIS AND BIIE REFLUX . |
- ,Tot-;al Mean Gastritis - - Mean Concentration Average Amount C
- Score per Anatamic | Total Bile Acids ' Total Bile Acid % of Cases
_— ~ Area [ +'s.0. (myL) +S.D. (uM) - Refluxers
‘ B < 1.po” 2% .31 8.3 +134 9
Whole 1.0l - 4500 . 2.04 +3.09 . 43.4 +77.3 ° . 45
.-Gastric  4.01 - 7.00 .96 ¥ 1.42 18.2 .+ 23.8 60
> 7.00 2.04 + 2.67 *118.5: 4233 B 5
R I 794169 16.2.+26.4  © 28.6
" whole "0 -1.00 29+ .33 v 75,03+ 7.52.  14.3
Fundal  1.01 4-4.&9\ ~ ' 1.6 +2:83  48.38 +81.6  62.5
- 401 -7.00n° .56+ .56 ) 8.4 % 6.4 .60
©>7.01 . 3,61 +2.41 190.8 +271.9 =~ 83.3
L, . . ) \ * - ° oL . . .
<l ... . .234 .35 - 931%150° | 25
Whole  ~ 1.0l - 4.00 ©1.92+3.54 . 47.15+95.7 - 125
Antral - 4.0l - 7.00 12.32+2.82  98.3 +212.% - 22,7
SR 7.01 ~ 9.00 274 .21 . 6.67'+ 5.3 25
| "> 9.00 1.01+1.20  27.97 + 34.3 - 77.8
N <1 .26+ .37 - 10.6 +15.8 14.3 -
Distal =~ 1.0l - 4.00 2,16 +3.48 . 104.3 #2216 36.4 .
‘Antral  4.01-7.00 ©© | 2,16 +2.44 - 31.7 +36.6 . 448
| | 7.01'-.9.00 .96.+ 1.38 . 22.8 +:39.48 - 42.9
S ©>9.00 .55+ .39 ° 18.95 + 13.84 83.3
N L o
' ~ 7 % .



TABLE 15: TNDIVIDUAL MEAN GASTRITIS SCORES VS. REFLUX

" Whole Gastric
- Individual Mean

" No.-of - 'Ailerage Age

~

-

101

Concentration % of Cases Amount

' ' Gastritis Scores . Cases (years) . TBA (mM/L) Refluxers TBA (uM)
. ’ . . LS . S
| 0., .15 39.07 . .935 4 2.45 13 26.8 + 68.6_
Polynorphs, 01 7 1.00 7 13 - 47.23 123 +1.74 62  23.3 +27.4
>1.00 12 53.61 1.74 +2.49 67  85.1 +196.9
I * R 15 42.93 .33+ .39 20 10.6 + 12.9
. Surface .01l - 1.00 16 44,94 - 2.36 +2.84 56 47.9 + 72.5
Change > 1.00, 9, . 53.44  1.30 + 2.49 67 " 93.9 +224.8
| N 3 o _ :
o 9 400 +12.5 .25 + .34 11 £ 9.15
Activity - .0l - 1.00 10 . 41.4 +15.4 . 2.09 + 3.29 33~ 48.85
Index . 1.0l - 2.00 9 17.0  2.02 + 2.74 67 100.78
(Round > 2.00 12 .875 + 1.12 67  23.67
- Cell -
Infiltrate) - N



Total Symptom Score

-

. Personal Habits:

Smoking
- .Alcohol
Coffee o

Concentration of Total
Bile Acids (mM/L)

Score: -

Whole Gastric
Whole Antral
Whole Fundal
Distal Antral . -

‘Total Mean Gastritis -

12,5+ 5.12

50%
508
- 100%

2.4 + 3.9

4.57 + 2.76

4.36 + 1,88

5.72 + 5.45
3.6 +1.88°

8

4

(N.S.)

S @.S.)
(N.S.)

(N.SY)

102
L} é; .
\ »
TABLE 16: RADIONUCLIDE REFLUX AND GASTRITIS
Refluxers i Non-Refluxers

p (4 cases) " (12 cases)

Average Age (years) . 46.25 45.17
AN

Sex Distribution_ 2M/2F "3IMIOF

13.1 + 3.71

)

423
508
83%

" 1.68 + 2.81

4.09 +2.82
"5.01 + 3.40
2.76 + 2.93
. 5.07 + 3.35

1
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K4

TABLE 17: LYSOLECITHIN AND GASTRITIS
.l - . .
- Amount of Bkysolecithin
0 vTrace', 1+, 24- k>.\ 2+
No. of Cases 6 -5 4
Average Age. (years) 47.5 48.6 58.3
Total Symptom Score . 10.67 10.4° 14.8
Total Mean Gastritis
Score: " ' . ‘ ,
. Whole Gastric 5.6 +3.39 (N.S.) 5.54+2.14 (N.S.) 6.71 + 2.58
vhole Antral 6.45 + 3.76 = (N.S.) 6.52 + 2.60 (N.S.) 6.07 +'2.50
| Whole Fundal. 3.95 ¥ 4.19  (N.S.) 4.27 + 3.51 (p < .02)8.09 + 3.34.
‘Distal Antral 6.97 + 3.97 (N.S.) 6.44 +3.04

+'2.53 (N.S.) 4.23



5

. TABLE 18: AGE AND BILE REFLUX

Concentration Amoimﬁ of ;

Pérgent

104

' Age (years) No. of  of Total Bile Total Bile pH
. Cases Acids Acids - Refluxing
20-29 5 45+ .58 1.32 + 15.0 20 3.52 + 161
30-39 o 1?5 + 3.3 ' 37.9 + 40.4 30 4-12 i 1.67
> - | |
40-49 12 86 + 1.8 17.8 + 27.1 42 2.70 + 1.84
50-59 6 04+ 1.80  27.4°+ 51.1 33 3.88 42,38
>60 7 100 - 4.92 + 2.52. -

2.4 + 3.0 124.9 +265.3 .
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'ﬂ\ »
Ny
TABLE 19: BILE REFLUX AND AGE '

Concentration of . . :
Total Bile Acids , No. of Cases Average Age Significance
(mM/L) ’ _ (years) S

| | ' '
0<0.10 8 a3
A1 < .39 " 8 4. N.S.
.40 < 1.0 T 54.9 - op<.ol .
>1.0 - 9. o '51.2 ' N.s.
/
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N
TABLE 20: AMDUNT OF BIIE REIFLUXED VS. AGE
,Amoﬁnt of Total No. of Cases Avérage Age | Sig'nifi.canée‘
Bile Acids ) o ‘ (years)
wy e \
-4 o 12 . 4;3.,0
415 . 1n X 46.8_1 N.S.
1275 . 7 523 b < .05
>75 | s ‘54_.3‘ | s,
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‘TABLE 21: ROLE OF GALIBLADDER DISEASE

o Diseased (or
Factors Normal Gallbladder removed) Significance

» Gallbladder
No. of Cases 26 14
~ Average Age 44.7 48.6 N.S.

(years) ' ‘
Total Symptom 11.0 + 5.1 © 12.0% 5.6 N.S.

Score .
Concentration of  * .60+ 1.25 3.26+ 3.47 - p < .01

Total Bile Acids :

(mM/L)

. hd »
Aount of Total  14.6 + 2131 123.8 +227.1 . p< .05

‘Bile Acids (uM) o :

Present Refluxing  38.5 ‘ 57.1 ' p < .05
pH 2.87 + 1.26 5.31 +3.19 - p<.0l
Total Mean Gastritis v *

Score: ' ‘ : ‘ } .

Whole Gastric 3.46 + 2.82 5.14 + 3.19  p< w05
_ Whole Antral 4.43 + 3.71 5.39 + 3.11 . p< .05
" Distal Antral =~ 4.63 + 3.65 4.77 + 333 N.S.

Whole Fundal © 1.54 4210 - 5.9 +4.83 . p< 01
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TABLE 22: ROLE OF SEX ’
Male Female Significance

No. of Cases 15 25

Average Age 1 48.3 44.9 N.S.
(years) .

Total Symptom ° 9.8 + 3.4 12.4° + 5.3 p < .01
Score

Concentration of :
Total Bile .34+ .28 1.83 + 2,72 p < .01
Acids (mM/L)

Amount of Total 7.85 + 5.58 68.5 + 155.3 N.S.
Bile Acids (uM)

Percent Refluxing 33 54 N.S.

pH A 3.01 4.52 N.S.*

. Total Mean Gastritis
: Score:

Whole Gastric . 3.48 + 1.31 5,06 + 2.14 p < .01
Whole Antral . 4.22 + 2.36 5.58 + 2,69 p-< .01

Distal Antral  3.53 + 1.43 5.12 + 3.11 p < .01
Whole Fundal 1.54 +2.00 ..  3.68 + 2.60

p < .01
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TABLE 23: BILE RFFLUX VS. GASTRITIS
(Matched For Age, Sex and Gallbladder Diseasge)

Rafluxers Non-Refluxers ¢ Significance -
No. of Cases 13 13
Total Symptom Score 11.38 + 5.38 12.84 + 3.31 N,S.
Total Mean Gastritis
Score:
whole Gastric 5.71 + 3.09 2.63 + 2.72 ) p< .0l
Whole Fundal 4.10 + 4.09 . 1.70 + 2.64 p < .05
Distal Antral 6.71 + 3.59 3.44 431 p < .02
Lesser Curve Antral 6.60 + 3.60 2.76 + 2.81 p< .01
Greafer Curve Antral 6.50 + 3.50 3.42 + 3.45 p< .ol
Individual Mean Gastritis
Score:
Whole Gastric:
Activity Index 1.77 + .97 .85+ .99 . p<.02
Surfgee Change .80 + .61 21 + .34 p< .0l
Depth .29 + .24 A7 + .21 N.S.
Polymorphs . .86+ .73 .28 + .41 p< .0l
Whole Fundal: . | .

, Activity Index 1.23 +1.21 .72 + 1.06 N.S.
Surface Change 59+ .77 13 + .28 p< .05
Polymorphs .65 + .83 ~ .31+ .65 N.S.

Distal Antral: | "
Activity Index 2.01 + 1.03 .98 + 1.17°  p< .05
Surface Change .97 +1.08 .31+ .49 p < .10
Polymorphs - .99 + .68 .33 + .45 ' p < .01
Lesser Curve Antral: ’
Activity Index 1.96 + 1.05 .84 + 1.10 . p< .02
* Surface Change .94+ .82 19 + .42  p< .02
+ .78 27 + .42 p < .02

Polymorphs , .89
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TABIE 24: BILE REFLUX AND SYMPTOMS .

Total Bile Acids No. of®Cases

110

Total Symﬁxn\Scorek

' CbncéntratibnwﬁmﬁKL)
; C0- .10
.11~ .39
.40-1.0 o
S ,>150 ; | ) -

© VW o ®

Brount (M)
| f’§—15-; ] I R § |
o1s-73 7

ST s

12.5 + 3.77
11.25+ 4.94
10.6 + 4.52°
12,7 £6.90

S

v

'11.0 +4.98
10.8 + 2.66
‘14.0 + 4.60
1184875
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" TABLE 25: GASTRITIS AND SYMPTOMS

" Total Mean Gastritis Score

No. of Cases

111

whole Gastric

0 -1.0 T -

. 1.01-4.0 L o 11

4.01-7.0 10

7.0

 Whole Antral

0 -1.0
1.01-4.0

4.01-7.0 S 11

7.01-9.0
>9,0

whole Fundal

.01-1.0
1.01-4.0
4.01-7.0
700

. ' 'pistal Antral .

0 =1.0

1.01-4.0 |

. 4.01-7.0
7.01-9.0
©>9.0

‘o @ N

el

12.0 .
1.4 -

10.9

10.0

127

1079
9.57
12.75
10.4
14.8

12.43
173 . -
10.33°
12;57

11017
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TABIE 26: SYMPTOMS AND GASTRITIS

'Averége Ages (yea’r's)» '

~_Total Mean Gastritis ,.
e I Score: . o
L lee Gastric

. Whole Antral

. Gastritis Score:
- Surface Change __
- Polymorphs o,
Depth’

Neck ges .

1.35

77

41076

R T

47.9

‘4.36
. 5.3

. .56
"1.23

.23

1.62
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'TABLE 27

& ; ) N
'Bile Salt Analysis Frocedure: - Assay.-

’

:ﬁlank(xﬁl)_ - Test (ml) CDCA Sfandards- ml

g

; Buféer;' ; S o v0- . 2.0 2.0_": 2.5 : -~ 2.0
. Hydrazine = - 10 '-ﬁgo 10 1.0 - 10
NAD .. essc . o5 0.5 0.5 05
Bile 0003 . 0.003 = o= =
Enzgme, T = ©0.025  0.025 © .0.025 0.035

Boiled Enzyme . - - 0.025. < -~ - - -

Chenodeoxycholate Acid .. =" =~ - 0.01-  0.03  0.05,
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Figure 5: PRESSURE ELEVATIONS AT THE GASTRODUODENAL JUNCTION
‘5(a) RESTINGWPULL—THROUGH 2 5(b) STIMULATED PULL- THROUGH
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Figure 7. TOTAL AND .INDIVIDUAL MEAN GASTRITIS SCORES PER AGE GROUP
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