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TI'ilRODUCTIOI.I

The esophagus is a proprrlsive tube extending frorn the pharynx

to the sion¿lch. In nost na¡c.¡ials r incl udinE mal, coordinated contrections

of the esophagus propel the contents in a caudal direction, Lrherees

durlng oral transport the esophagus is passive. In ruminant s coordinâted'

contractíons of the esophegus a"e responsible fo¡ movenents of the

contents in both directions (fr 2). Betr^'een swalLous a¡d regurgitationst

rnechanisms at either end of the tube prevent êesy access of air frorn

above and. gastric contents fron below. Àt its oral end Ís

the upper esophageal sphincter and at its caudal end ís the lower

es ophageal . sphineter (LEs).

- The uppe¡ sphincter is conposed of horizontal filres of the

cricopharyngeus muscle tthích erise fron the sides of the c¡icoid

ce¡tilage and. pass horizontally backwa¡ds to interlace wíth each other

behinct the phar¡rngoes ophageal junction (3r 4). This strip of nuscle is

1-2 cns. wide a¡d is continuous cauòaltf with the'circular nuscle

Ia-yer of the upper esophàgus. Both nuscles in man and nost other manmals

are striated. end tightly joineð to eactr other. Since the cricopharJmgeus

muscÌe in its nean verticaf exient neasrrres 1.2 cns. (5) 
""¿ 

less than

2 cms. in iis wid.est part, nanouetric evidence that the elevp-ted resting

Í¡tralu¡ninal pressure characteristics of the pharyngo-e sophageal iunction

may extend. over a dj.stance of up to 4 cns.r suélqes t that both the crico-

pharyngeus and eso¡hageal- muscle contribute to the closing nechanism at

this site (6).

The nechanisn which separates the gastri.c e¡d esophageal lumens

h¿s aroused great controversy. lespite the failule of anatoraists to

define ihe exact site a:rd natur¿ of the gast"oe s optrageal sohinctert
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Éanocetric stu(iies in man (?) and experinental anjngls (a) nave

denonstreted a zone of eleveted pressure at the ge stroe sophageaL

jrinciicn. this hig;h pÏessure zone is now accepted' as the 'tptrysiolo6rical

sphi.nctettrr whose ¡rain function appears to be the prevention of reflux

of gastric contents into the esophagus'

the role of paraesophageal structures and the position of the

bigh pressure zone in rel-ation to the diaphragn have renained

controversial. The crucial nechanísm preventing reflux seems to be

the corapetence of the gastroe s ophageal sphincter' It has been shown

tbat the ?resence oI absence of reflux esophegiti's in patients with

hiatusherniadependsessentiallyupontheactivityofthelor¡er

þastroesophageal sphiucter rather than the existence of a hÍatus

¡ernla (9). cohen & narris (fo) reported that the syurpt ons of

refì-u:t esopha-gitis and the radiologicel èenonstration of a hiatus

hernia had no close int erCependence'

A number of operations have been devised in a:r attenpt to

prevent gastrce sophageal reflux in man' The nanes of Allison' Se1seyl

Nissenr collis an¿i flir1 (44t 89' 90t 10g pr) are associated vith sorne

of the better l:norm procedures' The necha¡isms by !¡hich these

procedures nay prevent reflux are less well defined' ¡¡54 the physiolog-

ical mechanis¡es wtlich maintain conpetence at the nomal gastroes ophageal

jur]ction.

The maj ority of experinental studies on the mechanisms for

restoring ge stroe sophageal conpetence have suffered from lack of a

suitable aninal nodel' In one such stuq)' a cå¡ine üodel with gastro-

esophageal ieflux wp-s nade by excising the gas troes o?ha geal region and

anastomosing the esoPhe'gus to the gastric fu¡dus (5?)' Such a ncdel
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bears no rese;iblance to the hunan sítuetion, r,¡here a physiological

sphincter exists, but is sonehov incapable of preventing reflux'

Therefore, the ¡eler¡ance of these experirnents to human ga s troesophage al

reflux renains doubtful. Lind (40) showed that vâSotony performed' on

the thoracically d.isplaced. canine gastroes ophageal (Cf) jr:nction renders

it relatively inconpetent and. provides a !0ode1 for the study of gastro-

esoph¿geal reflux. It is reã.soneble to assune, thenr the.t if vagotony

vere. perforned on the SE junction before displacing ít inüo the chestt

not only rrould it serve as a nodel for gas troe s ophageal reflux but also

the effect of thor¿cic d.isplacenent on the GE junction could be studied.

The present study t'¡as und.ertaken to ínvestigate the fi:¡ction of the

vp^gotoEizeô GE iìrnctlo¡ uhen displaced into the chest, the efficacy of

nodified Belsey and Âllison repairs (56, 44) in restoring normal

frmction, end ihe ¡:.echanis¡cs by vhicli the G5 conpetence nây be restored'
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' GÂSTROESOPH/-GIÀI JIJIÍCÏION

Anatonical stud.ies of the ¡¡astroe s ophageal junction are

disappoi:nting in that i;hey fail to define accuratell¡ uhere the esophegus

ends and the sto¡oach begins. They also fail to deßonstrate an

u¡equivocal rnus cular arrangenent su€gesti¡g a sphincter necha¡rism' A

review of tenninology is essential at this stage.

The Cardia, as defineit by Ingelfingel (1)' ls the ]ine

separating the saccular cavity of the storoach fro¡l the tubula¡ lumen

of the esophagus. The line is inaginary: there are no general landnarks t

and the esophageal nuscular coat ne"ges iùlerceptibly with the gastric

ûuscIe. the late¡a} va1l of the esophegus and the nedial aspect of the

firndus of the stonach neet at an alrgle known as the Tncj'sura Cardiae

or the angl e of iÌis (I1). The angle is vc¡ialles it trts'y be acute (50o)

or so obtuse (I? 5" - 180") as to be ucn existent (12)' Inuaed'iately distal

to the cardia is the }Jillis loop (13) or the collår of Ee1vet íus t a

bunclle of obl lque muscle fibres of stonach which loop around the

posterioÌr lateral- e¡d anteríor aspects of the esoPhageal outlet as a

horseshoe-shaped sling. îhese muscle fibres ere thought to support the

angle of His a¡d are regardetl by sone e-s a sphincter nechanism betl'reen

the esophagus and the stonach (14r 1rr f6). The junction between the

squamous esophageal and glandular gastric nucosa is an irre€l:lar line'

The nucosel junction bears Ìittle relatì'onsbip to the structu¡e enò

function of the underl),ing muscle a¡d does not alweys líe at the cardia.

In a s tud.y of 200 cp-daversr the ¡nucosal junction vas above the incisura

cerdiaè ín Lnrt (L?), and a sinil¡r reÌationship r'¡as ::ecordetl in a snalle¡

gT oup. (lB). Xairoer described. a ¡¡ell-defined esophageal constriction

about 2 cns. above the riiaphragmatic hiatus e¡d 3 to 4 cns' above the
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cardia (19). S i¡nilar observations have been r'e"de by others' although

the details of the length of the const"iction and its relationship to

ttre diephragn a"e variaþ]et ss are the ''¡nes given to ít' Sone a¡atonists

accept that e narf,o'ring of the esophageal- lunen' up to 3 crns' in length'

eÍther at or a few cms. ploximal to the díaphragrnatic hiatus, is fre-

quenily denonstreble in human cadavels' îhe cause of the narrowing has

been reported as locali-zed nuscular thickening (zz' z3' 24' 1.6)' In 60

to 80 specinens exanined by lerche (f6) ttre nuscular valÌ at the site

of constrÍction appeared thicker than the adjoining esopbageal seSIûent '

Others have sea.Tched unsuccessfully for such a thickening (zOt 13)' In

sone arimal s nore pronounced ¡ruscular thíàkeníngs have been tlescribed

in the gastroes ophageal region' The mr:s cle at the cardia of the bat is

five to slx times thickel than efsewhere in the stomactr (zl)' It is

reesonable to conclùde thai, in man, unequivocel a¡atomical evidence for

the existence of a lor'¡er esophageal sphincter (mS) is lacking'

cÀS ÎnO¿sQlxÀGrllAI-COÈIPru

À nlmber of nechs.nisns aiôing or providing closure of the

ga stroesophageal iunction have been described'

Thesê include

1. Es oph¿go-gastric angle (a:rgle of His) with its slíng fi¡res (33' 34)

2. l¡¡cosal rosette supportetl by niuscularis mucosae' (36)

3" The ¡ight crus of the diephrâgû forning a pinchcock (35)'

4. Àn abdoni¡ra] segnent of esopha$ls (3?) an¿

5. Intrinsic contractíon of the gas troe sophageal sphincter'

ii..,. '
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The evidence in sulport of a]l the a-bove nechanisnrs except the

Last has beetr cha1len,3ed by subsequent studies'

1. ls ír-.hasoÎí,s tri s rni'þ: Sniddy ft Atlçinson (13) feft that the flap

valve of nucosar produced by the oblique entry of ihe esophagrrs into the

stocachr was important in preventin¿5 refl-ux provided the angle (of nis)

was supported. by a sling of oblique gastric ¡auscle fibres, (col}ar of

Helvetius o" sling of l/iflis). there are a n,.,trber of poo'ly designe¿

stud-les to back this concept. Berridge (3e), on a radiological study in

hum¿¡rs r found little to support the concept of flap valve' In another

study ín dogs, d.ownward displacenent of the gastroe sophageal region into

the abdonen abolished the acute gas troesophageal angle without either

altering the pressure profile of the Sastroe sophageal sphinctert or

causing reflux to ocour (39). Vhen the gastroe sophageal junctíon was

displaced upwerd into the chest, the acute angle of Eis vas obliteraied

but no evid.ence of Sastroe sophageal refl¡x v¡as noted (l+0)" Vand'ert o11

shouedthatnyotonyoftheobliquemusclefibresofthestomachfor:ming

th" loop of \¡/illis di<l not produce incornpetence at the cardia (41)'

Raåiological studies on sliding hia,tus herni¿ iu hunen beings show that

Ief1ux occurs only ín a sn¿ll proportion of cases, although the aeute

angle of His is absent in all of then. On the basis of above observetiÔns

it ltould appear that the flap valve of mucosa produced bt the a¡gle of His

does aot play a significant role in proôucinE coiopetence at the cardia'

2. l{ucgs a1 Rosette

l,'l:en the gastro-e s ophage al region is approached ttrroufl-tr e.rl

esophaiiÒscope, radiatíng foftìs of Írucosa present the appearance of a

¡osette. Å "rosettert is ¿lso seen çhen the qas troes ophaseal region is

vieçed fro¡n the gastric side. 0n ttre esophalqeeL sídê the folds ere
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are lined. lrith stratifi-ed. squa,nous epitheliuß antl on the €{rÌstríc side.

Ìrith colìr.nnar epithelium. The nuscularis nucosae in this region also

alpearstirickertt!ånusual.Therlucosalrosettersup¡ortedbythickened

nuscularis nu:osaer gives the inpression of a purse-string action on

the lunen. Eolrel'elr resection of the mucosal fol-ds in the d'og' where

they are rûost prôninent, does not result in reflux (42)" Further

e-vidence against the importalce of the nucosal rosette cones from the

observation that in atrophic gastritis in hr:na¡ beings, a cond'ition in

r¡hich the mucosal rosette is destroyed, there is no gastroesophageal

reflux (43). It is lrkely that this i¡tucosal arre¡gerûent is a Tes''rlLt

(rather than a'cause) of tonic contraction of the intrinsic gastTo-

' esophageal sPhincter.

3. DíaPlrasmat íc PinchcggB:

Jâcksôn (35) suggested that fibres oi the right crus of the

díaphragl¡ which loop around the lowe¡ end of the esophagus ' nay act

as a pinchcock preventing reflux of the gastric contents into the

esophagus. Allison (¿i9) ¿ peters (4J) supporteô this hypothesis and'

eraphasized the role of the phreni coes ophageal l igament which l¡as thoirght

to act as a centering nechanisra by which the rthiatal noosert compressed

the esophagus in the a?propriate regions' The ptrrenicoe s ophageal

li¡çament, a coïIflective tissue structure, is said' to arise fron the

inferiorsurfaceofthedíaphregnand.thehiata}margin,andis

attached to the esophagus, not only at the cardia¡ but also above it

(46, 4?t 45). Both the developrcent p:rtl the ccrnposition of the ligament

are quite controve¡sial' Sone see the structule e's tough and substantiâlt

consisting of el"-sticr fibrous and fatty tissue rn'ith some striated'

muscle fibres; others suggest it has to 'tbe dissected out r+ith thê eyê
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of faith't. Although its very existence has been denied. in huna¡

beings¡there is no doubt it is inpo¡tant in the dogr. since division of

the phrenicoes opha¡1eal ligalent in the dog frequently leads to nassive

hemiation of the stomach into the chest (51).

fo study the role of the diaphragnr Braasch (48) excised the

gas tr oes ophageal junction in d.ogs â¡d placed the newly created gastro-

esopha¿¡eal jr:nction below the diaphrap in one goup and. above the

diaphragn in anothel glroup. Ee tiid not find any siSnificant d.ifference

in the incÍdence of post-operative esophagitis or alteration of

esoptregeal fu¡rction in the tr¡o groups! all animals developed reflux ancl

concu¡rent esophageal ulcerationr suggesiing thât the diaphragn played

no role in preventing reflux in this model. Srenner (49)r on the other

hand., shoved. that conp3.ete d.ivision of the phrenicoesophageal ligarnent in

the dog d.id not produce a significant change in the function of the

gastroesophageal junction (l+0). Ilnilateral phrenic nerve section is

reportecl neither to .affect the function of the ca¡dia during swalloving,

nor to perroít gastroesophags¿t reflux (J0). I-r dogs, bilateral phrenic

nerve avulsion d.oes not l-ead to gastroes ophageal reflux. The above

stud.ies índic¿te that neither the diaphragm nor the pbrenicoe sophageal

ligament play a significent role in preventing ¡ças troesophege aI ¡eflux.

4. ÀbC.on; nal segnent of tle es'oohe.ç.,us:

Dornhorst (!2) sugs'ested. that the terminal portion of the

esophagus resenbleil a flaccid tube exposed to the extrinsic pressure of

intra-abdoninal contents, l,'hich ¡raintained its l¡afls in appositiont

forning a valve. I./hen intra-ab d orainal pressure r'ras raised, the increase

in pressure !¡es transmitted both to the abrlo¡nina.I segment of the esophagus

and to the gas troesophtigeal sphincier, so that the gradient betrgeen the
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sphincter a¡l tne lower esophe-gus remained uachanged (26). I{ok'e'rert

find. (51) shor¿ed th:i ',he increase Í¡. pressure irr the junctional zone

was greater than the increase in gastric and. esophageal pressures,

suggesting contrâction of s;lcoth nuscle of the GE sphincter. The role

of the intra-ab d.oninal esolhagus was evaluated. in another study in d'ogs,

¡¡he¡e the gas iroe s cphaaeal j'':rctionaf zone vas excised (54). A shol:t

intra-abdo¡rinal segnent of esophagrrs diô not prevent reflux. lJhen a

long se6gent of esophagus (4 cms. or nore) was ¡nai:rtained. below the

d.iaphragn on the other hard, reflux did not occur ¡ since ma:rual

conpression of the abd cnen failed to produce a s irm.f tane ous pressure

increasê in the thoracic esophag:as (in 4 out of J aninals). It appears,

then, that a loag segnent of int¡a-abdonina] esophagus nay help in

coq:petence but a sho¡t segnent plays no sig:rificant role. Converselyt

in so¡ne cases oÍ hiate,l irernia r+here there is no abdo:iinal esopha€ust

the conpetence is maintaineå by the lower esophageal sphincter whieh

responds to abd.oninal conpression (JJ).

5. lSt'gr f-go"hå"eal Srhincte :

]4anonetric studies have identified- a zone of elevated pressure

at the 93 stroe sopha.geal iunction (?5, 26, ??, L). ?hysiological

responses Õf this zone strong).y sut¡gest a¡ intrinsic sphincteric

nechanism" this zone is no:r regarCed as the intrinsic "physiological

s-ohincterrt. The higb pressure zone in nost heeltl¡y persons is 2 to 4

ciì1s. Iong ïhen r¡ater-filted, open-tipped tubes a¡e used as pressu¡e

sensors (28).

'l{i th swalfovi¡g the sphincter r:elaxes a¡d then contracts.

Generally, the lower eso¡,hageal sphíncter relaxes 2 secs. after the

upper esophageal s¡hlncter, although in some cases relaxation begins
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vhen the bolus is placed in the nouth, even before svallolring is

st¿rted. In all cases, however, the lower sphincter ¡elaxes 3 secs'

or nore before pc::istaltic contrlction reâches it, so that the pçastric

entrance is open before the bolus errives. I'here is a d'ifference

betr.¡een the responses of the upper and lorser portions of the gastro-

esophageal sptrincter (30). In the lover portion, relaxation is follovetl

by restoration of resting tone only, whereas in the upper half relaxa-

tion is follovetl by contraction, producing a rise of pressure r¡ell above

the resting tone. When the contraciion subsÍd'es, pressure retu¡ns to

resting level. this difference in the behavior of the upper a¡d lo¡'rer

parts of the sphlncter nây be due to difference in the anatonj'ca1

arrangenentr for the sphÍncter is traly the junction of tvo organs'

Âpart frota the area of the high pressure zone, the entire

eso.rhagus in the d.og consists of striated. muscle. Nevertheless, the

press[re profile of the esoph,agus and the 1or¿er esophageal sphincter

in the ðog is af¡aost identical to thåt seen in hunan beings (0)t in

!¿horÂ the entire fower third. of the esophagus is usually smooth nuscleo

Tbe di-stributlon of skeletal and smooth rnuscl,e in the esophagus of cats

and iconkeys is sinilar to that in ¡ûenr and the plessure sequences in

these anlnals e,re al-so sinilar (lt, lz).

Cn.trof of Lor.;er Esoohaqgal Srhincier Àctivity:

The resting pressure l¡ithin the 1,5S is no:rnal}y hígher than

that of either the upper stonach or esophagus. this iò true even of

isofated. prepar:tions of the gas íroe sophc'se al region (?9, â0)' The

rnechanisns responsible for maintaining the high pressure l¿ithin the

LÌiS, as veLl as íts.relaxation during deglutiticn, trîve not been defined

clearly. the fírst question to be resofved is whether the l'ES is in a
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siaTe of tônic contl'âction in the ebsence of esophageal peristal'sis'

fiel-Ienans end Vantrap?en (8]) studied this problern by recording the

electrical ac+.ivity fron the Ï,IS of do.<s at rest and durin6l svalloving'

They were not åble to deiect electrical activity in the caud'a1 portion

oftheliseitheratrestord'uringswallolling.i{owevêr'brustsof

spike âctivity vere found' to acconxpa¡y periste'1sis in the botly of the

esophagus a¡d in the upper portion of the sphincter' l'fore rscently

Arinori e¡d Code (82) were able to record slow, continuous' phasic

electrícal activity fron the d'istal se$lent of the LES, which !¡as nearly

always dininished- o¡ abolished by svallouing' ft is not cfear !¡hethef

these pbesic potentials, in the absence of degl-utitíont represent tonic

activity of ttle LIS. Firstl¡', coniractile activity in other perts of

the gastrointes t inal tract is normally associa'ted with spike potentials

rather ihan with phasic potential's' Secondly¡ these potentiafs n'ere

recorded,attimeconstantsof0.lto0.0lsecs.,whicharel0tol00

times shorter than the period. of the reco¡ded potentials' Such cond'i-

tions would prod.uce considera.bl-e distortion of the potentials pícked up

by the electrodes. Iùrrther stud'ies are needed to clarify the nature

errd significanee of these electrícal potentials'

A numbe¡ of control- systems may regulate the activity of the

sphincter. These r,ay be classed as (1) Nervous rnd (e) Hormonal'

Ne1:vous-Clq!I9l: .ri,na'uo¡rical stud'ies show that both vagal e]ld s¡'npathe-

tíc fibres supply the gas troesophageal junctional zone' The final

disiríbution is so iniricate end ccntrcversíal th':'t functional

innervê-tion of this area ca¡ hardly be decided by eÌraton¡ic æethocis'

(55, 59, 60), rt.Ís ag:eed, however, tbat the vâ4rs has sone influence

onthelowerendoftheesaphagusandL:S'Rad'icalsynpathetic
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extirpation in the dog had nb effect on the fower esophag-,r:s or tnS

(61). In the cat s)r¡opathectony hp.ct little effect on esophageaS.

notility but caused narked. d.iminution in the resting pressure of the

infe¡ior s¡hìncter (62).

The effects of vagotomy both in tbe dog {.Jìd the hunal being

have been studíed in sone d.etail in recent years. Bilaieral supra-

nodosal vagotony in the dog }ed. to d.ilatatÍon óf the esophagus vith

absent peristaltic contracti.ons, reduced" tone in the lower esonhageal

sphincter and failu¡e to relax with deglutitlon (63). In appearâ¡ce

a¡rò function the esophagus closely resenbled that of hunan achalasia.

Bilateral subhila¡ vagotomy reduced both the resting tone of the lower

esophageal sphincter end the lncidence of relaxation in response to

deglutition (64). Vagotony perforraerl throu-gh the diaphragn at or just

above the ga.stroes ophagea.l junction reduced thè tone of the 1or,¡er

esophageal sphincter but did not affect the a-bility of the sphincter to

contract or relax (6J).

The sphi,ncter appeers to be a d¡manic organ vhich respond.s

to a nunber of stir¡uli. Âs neasured. by intraluninal pressure sensor:s,

its tone ve¡íes, not only vith deglutition but also with alterations

in intragastric a¡d. intra-e-bdoninal pressure. tr'hen intra-e.bdo¡inal

pressure is raised. by abdoninal coinpression, the lover esophegeeL

sphincter responds by increasing its tone (53). This ::esponse is

prcbably ¡oediated b¡' Iong vago-vagâI reflexes arising in the stomach,

sínce vagotony at the gast roesophageal junction in the dog abolishes

this resconse (40). A similer response has been shown to accom?¿ny an

increase in intrasastric pressure in the d.ecereb¡ate cat (g;, g+).

îhese observations are further supported by studies in patients vho
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underl',ent sub-d -taphrâ Á:iìetlc ve'gctony for peptic ulcelation' Follo'"'ing

vagotony th¿re !'es no slgniíicant ch€'nge in the ¡esting tone of the

sphincter, bì¡i ruhen subiected to abdoninal com¡ression the response of

the sphineter was siSnificantly :'ed'uced (66)" Lind et al (53) resard

the response of the sphincter to abdoninal conpression a better iest

of its inte6rity than tbe stüd'y of resting tone'

Subcutaneous iniection of atropine in no:sral hunan subjects

câused a significant red'ucti'on in the sphincteric pressure' both ulder

resting conðitions snd. duri ng ¡'b d'oninal- conpression' without affecting

pressu¡es in the stoüech or esophagus (Ze) ' ¡'r on these observêtions

it was concÌuded that a cholinergic urecha¡isnr nediated by vagi' vas

partfy responsible for the resting tone of the sphincter and Íts

Tesponse to abðoninal cornpression' After conplete syrnpethectomy and

subhilar vsgotony the int¡insic sphincter still retained' sone tone

although ii r,'as reduced to the extent expected by vagotorny (61)'

Esophageal section at various l-evels produced the saroe ctiange as

expected by conconitant vagotony at that level' ft ca¡' thereforet be

established thet the intrinsic lover esonha'¡çeal sphincter båé inherent

tone v¡hich is noaified by the vagi and perhaps to a minor eftent by tbe

s],npe.thetic nerves. Jt cal :'elax a¡d contr¡'ct in coordination vrittr

deglutíiion !¡itbout the help oi extrinsic nerves and thus seems to

enjoy a consider¡:ble degree of autonony '

lformonal Ccntrol-: Caru:on (a5) r+¿:'s the first to de¡lonstrate th¿t ãn

increese in gastric acid'ity prcnoied closure Õf the cardia so tllat

higher intrasastrJ'c pressure l¡c's reqìlired to produce reilux' Si¡rila:e

results vere obtained by clark ani vâne (86) ¿uring perfusion of the

LES witb 0.1 N ï{cf. In boih cases the incre:''se in sphincter tone vas
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unaffecteC by bii:.te:'al vagotomy, r+hich sug:..ested a ho¡nonal basis for
the response. Slightly d.ifferent results were obtained. by Giles et aI
(69) fcffov::rg irrigation of the cardíac Iltucosa with HCl j.n human bein¡çs.

Álthough the spbincteric pressure inc¡eased in response to gastric
acidification, the response was virtually abolíshed. after injection.of
atro.,.rine. this apparent discrepancy nay have been resolved by litchen
and Ltreeler (84) wtro shoved. that increesed sphincter tone may be

produced by acid perfusion of both the caud.al esoph*gus and. the cardiac :

rnucosa. only the latter is vagarly nediated, so that the earrier results
rÂal be du.e to acid reflux f¡on the stomach into the I ol,,er esophagus.

Giles also showed. that both syntheiíc a¡d hog gastrin stirn:.1ated.

the sphincter in hunans and endogenous gastrin had..a sinilar effect (6g).

Castell and Harris (20) suggested that gastrin h¿d a direct pþsiological
actÍon on the LES" Endogenous ¡elease of $astrin by a_ntral alkaliniza_
tíon increased the sphincter tone while inhibition of end.ogenous gastrin
by acidificstion of stômach (presurnably distal to the cardía) had the
'opposite effect. Both endogenous and synthetic gastrin have also been

s hor¡n to stinulate coniractions of isol;¡ted. longi"tud.inal and circular
nruscle of the lor.¡er esophegeal sphincter (g6). lhe above studies

indicate that in the normal hun¿n being gastrin ca¡ increase the LES

pressure, both directly by acting on the. sphincter, and. indirectly by

stinulating acid seqretion.

¡{ore recent stud.ies indicate th¿_., t secretin ancl CCK also
Ínter¿¡ct vith gastrin in regulation of T,fiS conrpetenc" (gZ). Secretin

inhibÍts the action of gastrjrr on the sphincter, probably by competing

for the same receptor sites, whlle CCK appears to potentiate the aciion
of gastrin.
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A critical review cf the literature leaves no doubt that the

intrinsic lcr,rer esoph:ge¡.l sjrhincter j-s the chíef rae chalism which

prevents reflux of gastric conte[ts. qoþ¡e'¡err relatively littfe is

known about the nechanisrns Hhich normally control its functj on.

Synpathetic control appears insigniflcant. llagi may partly control

the resting tone of the sphincter and its response to char:ges in

intra-abôo¡rinal pressure. Recent stud.ies indicate that gastrin

increases the sphincteric press':re, t¡ith CCK promoting its action ånd

secretin opposing it.

The etiology of gastroes ophageal 
"ef1ux 

also te¡¡ains an

enigna. lbere is soÍûe evid.ence th¡rt the lower esophageal sphincter

is abno:mal in hiatus hernia associa-teè with reflux (55). Resti-ng

pressure is usually lover ihan nórnal and the sphineter does not

contract in response to abdoninal conpression.

.4. m.rmber of operations have been d-evised to correct gastro-

esophâgeal ¡eflu-x in human beings" In many of these operations there

is little scientific evid.ence to support thei¡ effícaeyr and the failu¡e

rate is acco¡din€Iy hígln (921 93). Even those authors vho clai¡l a

good success rate, however¡ have only clinical follov-up evidence to

testify to the usefulness of theír procedures. bcperimental studies

d.esigrred to elucidete the rcechanisns r'¡hich restore conpetence at the

gastro-esophage al ir:¡ction have been far fron se-tisfactory. In these

studies the disease r,,as reproduced in animals, either by nyotony (Jf)

or by conplete excisíon of the loweÌ esophageal sphinctert after r¡hich

different kinds of repair were perforned (6f). this situation obvíously

is very renote frorn hunan reflux esophrgitis.

1l
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0u¡ or¿-r ani:r:l nodel , on the othe¡ hanrl, r,rith hi¡.: ius hernie

and. ini,Ìct thoìEh r,'eakened sphincter, r¡hose ccnstrrction rvill be

desc¡ibed 1:ter, be-rs a fair Iikeness to the human siÍ;uaiion. üsing

this nodel, ve shall atierrpt to ansv¡er the folJ.oving questions,

l. Is ihe function of the lover esophageal sphincter

affecied by changing its Iocation in relâtion to the

diaphrr.g:r?

2. lo reparaiive procedr:.res such as Belsey and ¡tllison

operetions (89, þ9) restore gastroes ophageaJ- conpetence,

a.nil if s o, hor+?

the following necha¡isrns l¡i1l be considered.:

a) F.estoration of a Subdiaphragnati c position of the Lowet

esophageel sphincter.

b) Ilap-','o1"" effect of the repair on the cE junction.

c) fncrease in the length of the high pressure zone.

d) T-Eprovenent in the intrinsic function of the sphincter.
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l,vrenty-fo,.:r nong:,el dogs, weighi.ng 12 to 22 krys. ue¡e used in
this s'"udy. îhey r,rere innunized eßainst Disteuper ald. Rabies, and gíven

a ccurse of an a-ntihelminthic drug. lhe dogs vere t¡ained to lie quietly
and- to accept the passage of a tube into the stoqach during nanoaretric

stud.ies, Iiolla¡ierr s test, a¡rC c inefluoroscopy. ?he dogs were veighed

at regule"r inte¡va1s and difficultíes in swallowing and vonitÌlg, if
any, uere not ed .

The experiments ¡rere cond.ucted. in the follo¡¿irtg.stagesr
SÎÀGE I: ?re-orore.tive Studi cs

I. Four nanornetric studíes vere d.one on each d.og on separate days.

2, Eollênd.errs test was perfolned to show the iniegrity of the vagi.

3. Cinefluoros c opic examination of the esopha$rs and the stomaoh h,as

pelfo:rred to ccnfirm the normal eppeêJ,ånce and position of the GE

jq+ction.

4. Esophagoscopy e:ld esophägeal biops¡, before surgery.

5. .1, subdiaphrapatic tru¡cal vagotouy e¡d I{e i neke _},fikul i cz type of
pyloroplasiy r.ras perforned.. The excised. tÍssue !râ.s exanined

uicroscopícalÌy to confirn the presence of nerve tissue.
ÊT.{GE f I:- Post-v¿toto¡ry StudiS

A pe¡iod. of two to fou¡ veeks l:as allol¡ed for recovery fron the
operation, a¡d the studies were repeated as follows:
l. Fou¡ nanonet¡ic stud.j.es on each d.og on separete days.

2. Eoìlanderts test to check the conrpì-eteness of vagotony.

3, CinefLúoroscopy of gas troes ophageal region.

4. Esolhagoscopy and biopsy.

A thcrrcoton;r vras then perforned and_ the gastroescphageal junction
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uâs d.isplaced four cms. into the medÍa.stlnum, thus creating a hiatus

hernia.

ST.,\GI TII: Po s !- thoracot oay Studieq

Four to.six r¡eeks after thoracic d.isplacenent of the GE junction

the stud.ies r+ere repeated as follows:,

1. Four raanometric studies on each d.og on separate tlays.

2. Cinefluoros copic exeJination"

3. Esophagoscopy and biopsy.

fhe 2ll dogs uere then rand.omly divideti into 4 groups of 6 each.

eroup .4. Undervrent repair of híatus hernía by Allisonts nethod (44),

which consisted of :reduction of the gastroesophageal junction

belot¡ the diaphrap and crural repair.

Gr oqp å Underr¡ent a nodlfied Selsey repair (56).

Grôìì! -C- Underr,¡ent a nodifj,ed. Belsey repaÍr, r'ri th retention of the

gastroesophageal junction in the chest, about 4 cns. above

the diaphrag:n.

Grolp-D Undeïwent a thorecotoruy wíth dissection end resuture of the

stonach in the hiatus, i.e. a sham procedure.

' ST¡QE II: Post-repair Stu4iee

Four to six t"eeks afier the ab ove opelatíons, all the dogs were

s tud.i ed as fol"l-or,¡s:

l-" I'ouÌ ûìânometric stud.ies rlere perforrned. on separate days.
l

) Z, Ci.neffuoros copic studies of the èsophagus and sto¡ûach were repeateô.

' 3. If a dog died., autopsy was perforuied to deterroine the cause of

, 
Ueath, to assess the integrity of repair, a¡d to exa¡nj.ne the

esophageal nucosa for evirìence of esophagitis"
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l'r¡,.'iOløref C SrtPf!;S

An ac.a-ptaiion of the rnetbo¿ d.escribed by Srody a Qulgley (?f)

uas used. to neasure irue intralu¡inal pressures as an index of.notor

activity. The open-iip eatheter vith external transducer systen

provides a stâble device for sinultaneous recording of pressures from

nu)-t iple sítes. The strain gauge transducers have a vide ra¡ge of

sensitlvity, r,rith a frequency response faithful up to 100 cycles/see',

¿nd the volume/Pressure coefficient of 0.0001 rnls. per cm. of water

pressu?e cr l" or^'er. Sinilar equipnent has been used b;¡ T::gelfingert

troher ard lind. (?2, ?), 55).

fhree polyethylene tubes (PE 190, r.l- 0.04?tt, o.D. 0'06?')t

170 c¡ss. in length enc. fused at their üips we.re used. as pressure sensot¡e.

Each tube had a sinsle lateral orifice, 2 r:ms. in dianete¡ placed Jt 10

anrt 1J cns. fron the fused tips. The lunen of eech tube imued'iately

distal to the later¿l opening was occlud.ed. by a sna1l plastic p1ug.

A fourtìr polyethylene tube (PE 60r r.D. 0.031-" o.D. 0.048") fittetl wÍth

a piano vire was ettached to the essembly to facilitete its påssaqe

and. prevent kinkÍng during the study. The proxinal end' oí eacb tube

was co¡urected through a three-vay stop-cock to a strain gauge

(Stattra:r P23 n¡)r the resisi¿rce nodulations of which were recorded by

a lrultj.channel recorCer - Visicorder fSOg (75). the speetl of the

recording paper '!râs generally 1 nn/sec. to 2 mry'sec., and the sênsitivÍty

of the :'ecording vas edjusted. to represent 10 cns. water pressure/cn'

Ce fIe ct ion.

through t'ne three-wâí stop-cocks, the strain gauge chanbers 
_

a¡d recording tubes vere filled vith r¿áter at rocm temperature and'

infused constaltly at the rate of 1.8 n1s./rnin"/tube by neans of a
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Ea¡vard dual reciprocal infus i on-withdral¡al f:mp (?6). The system was

calibrated. beforê and after each test by means of a water nanonetet

connected. to the stfain gauges through another three-\'rây connector' to

recoi:d a deflection of 1 cm' with an increase 63 çif,þdr¿r'ral of l0 cras'

water pressure from the system' the strain gauges vere kept at the

Ievel of the lower esoPhâgus to eliminate the effect of hydrostatic

Prêssurêo

Each dog was fasted' for at least tvelve hours prior to each

rnanonetr5-c stu{¡r. The tests r¿ere carried out on â special}y constructed

table which allowed the dog to lie confortably on lts sid.e, with the

hee.d extend.ed to facilitate the novenent of th" to¡""' Bespiration vas

monito¡ed by a tubul-ar pneumograph placed ãround the chest and connected

to the recorder througt¡ a pressule transducer (mt 5fC)' For abtloninal

corepressíon. a pneumatic cuff, connected- to a manoÌneter' was placed

a¡ound the abdonen and secured by a tape. Â short paãdeð netal bar s¡ith

t!¡o holes in the nidd-le vas fastened between the iaws behind the ce¡ine

teeth, and theD anchorêd. to the table' The polyethylene pressure-tubè

assembly was passetl thTough a hoLe in the bar 'and' advanced' until all the

tubeswereínthestonach.Afte¡abriefperiodofadjustnentto

infusion, a continuous recording lras ¡nad'e whj-le the tubes were withdralrn

at I.0 cns. intervals from the stomach into the GE sphincte"' and then

at 0.5 cms. intervafs into the body of the esophagus' At each location

the pressures were recorded' untit they stabílized'' l'lhen the restj-ng

ttpu1l-through" was corn¡rleteù, the tubes were again introduced into the

stomach and anothel recording obtained r¡hiIe the abdoninal cuff was

ínflated to ?0 nnEgl. Plessure'

l{easr}rement of Presqures fron the- Reco¡din¡'g:

-^-*o.a¡tor'l rìì êssìlTês frorn thrcc tubes t a
rl¡e I Yç\rr \rr¡!+iù ¡wr¡vev'¡re* r_
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pneunograph e.nd êJr event rìerker (I,ig. l0). The pressures fluctuatecl

$ith respiretory excursions. k'ith inspirâtion, s. positive or upvard.

.deflection wâs seerr when the units ve¡e in the abdomen, a¡d a negative

or dor+nward deflection r.'hen the units were in the chest. The poínt at

which the inspirÊtory deflection c hanged. from u¡rt¡ard to d ovntrard, or

point of respiretorir reversal (fnl) vas taken as the l"evel of the

effective di-aph:'a,gnatic hiatus. The pressures were ¡neasu¡ed. frorn a

base l-ine, obtained by j-nfusing the tubes outside the body, with the

st¡ain geuges and the tubes positioned at the level of the gastro-

esopbageal junction. fhe nean of the end.-inspiratory and end.-expiretoîy

points was taken as actual pressure. ?he fundic pressure r,¡as taken at

â stable point two to thtee cms. dj-stal- to the high pressure zone, and

the esophageal pressure at a point three to four cns. prc,ximal to it.
the sphincteric pressure, neasured at a stable point in the statÍon sho'ing

naxinultl overall pressure, vas takeu as neen maxi¡¡al.Testing pressÌ¡.re

(¡'fg. fO ). A sh¿rp a¡d b¡ief elevation of pressure rças consíd.ered. a

contre-ction. AII ¡oeasurenents vere taken fron the r¡rost distat tube,

the other tvo tubes being used. fo¡ reference. If a dog swallowed while

the d.istal tube t¡e.s in the GE sphincter, enough tine l¡as alloi,,ed for the

p¡essure to return to the pre-d.eglut it ion level before pulÌing the tube

proxinally.

HoI,L- .\TÐEÌì r S (n;SUt ti¡) -sr:
The physiological -ìasis of the tesi is as follows:

Insuf in- i.nduced hypogiycenia stinulates gastlic secretion when the vagal

su,rply to the sto¡:ch is intact but fails to do so after complete vagal

section. 'rlith Eolla¡derrs (7?) c¡iterj-a for interpreiatlon of the

results, this test He-s used, to determine the completeness of vagotoqy.
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The pre-operative test was perforneè on each dog to establish

the i-ntegrity of the vagi' Two to four r+eeks after vagototly the test

as repeated- to che ck the cornpleteness of vagotorny'

. The fasting dog vas posi'tioned on the table in the sa'Íe vay as

for a r¡a¡onetric test' '{ Levine tube vas passed into the stonach a¡d

its tiþ utas positioned in the antrum ' [he gastric contents were

aspirated continuously with a suction epparatus at a negative plêssure

of ten to tuenty cns' of w¡ter' The patency of the tube was constsntly

checked. and ne.intained' îhe first sarnple of þastric juice was co]lected'

for half an hour. and subsequently four sanFles r.rere colfected, each for

.lJ minutes. Venous blood' was r'rithd'râ'nm initially after one half hour

to d.eterúine the resting blooô glucose 1e..re1-' Soluble Ins'Jlin in a dose

of 1.2 units/kg' body wèight' was then injecteô intravenously antl

samples of blooù for glucose estin3tion vere collected every fifteen

ninutes for the next tlnto hourso

All sa¡rpLes of gastric juice were tested' for pII¡ total vofuûet

acid concentration, anò ecid content calculated in mEq ' per volulxe '

Hollander test was considereò negative if the volune of gastric juice

and acid outlut did not increase in response to hypoglycemia' ff the

specimen was insufficient for titratíont a drop in pH !¡as ieken as

evicence of respolrse to hypoglycenia'

cINEFi,uQsqgSSIIÐl!

uotorfunctionoitheesolhe8usanðthelor+eresophageal

s?hincter, and the position of the ges troe sophageal junction rere stuôied

by fluorcscopy a¡d recorded on a cine fil¡r and on single-fra*e x-raY

PIates"

The fasting dog vas placed on its side on a flat board' gently
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restÌ'ainedandsecured"tothex-raytable.AsphyErornanonetercuff

v"-s loosely lsstened arounå the aninal's abdc¡nen' The javs stere fastened

to a perfor:rtedt ped'd'ed netel bar and anchored' to the table' À Levi¡e

tube was passed. through the centre hole in the þar and advanceô into the

uppet esôPhagus. ¡1 thin ¡rixture of 3¿'riua Sulphete vas then injected

through the tube in 25 !t1' boluses' Peri'stalsis' fith passage of Baliun

down the esophagus, t'nrough +'he cardia and into the stome'cht v¡as observeò

on the fluo¡oscopy screen and filned' 'tfter 200 nts' of Sariun Sulphate

were placed in the stonach ihe abdonen was conpressed' to ?0 ".ñtlg' pressure

by inflating the spbygnomâ-Ïroneter cuff' Spontaneous reflux' ii any ' 
vas

noted. Esopha¿¡eal peristalsis was then initiated by iniecting 20 nf' of

air into the upper escphagus, and finally the x-rey tabl-e r¡as tilted to

45 degrees head tioçn position in an at-ienpt to induce reflux" Ci-neradio-

gra.pby and single frane plates prowided a ?el:nanent record' of the pertin-

ent Points of the ex8'ninâtion'

OPdF'¡,TIVI l-iriÐr'Ðu FIES I

The dogs uere fasted for et le¿st l8 hours before each operation'

Physical exaJrrinltion ro'as cerrieC' out a¡rd the weight recorded before

anaesthesia, lthich consísted of six per cent Sod"ium ?entobaÌbitone

(lO rng./Xg. ) injected iniraven'ously' P'espiration vas naintained by a

positive pressure respiratort r'¡hich ad¡rinisier:ed a¡l aif-cryãen nixture

via an end otracheal tube' A'n intravenous írJusion of no:ma] saline l¡as

maintained throushout the operr'tíon' The o^uant it¡r of saline ínfused-

dur ing surgery depended' upon the anollll'r' of blood' loss:: ab out J00 n1s"

vere require'l durin5 vagotol¿ ellô pyloroplasty' and ?50 to 1000 ul'

during the thoracotoni' prccedÌrres"
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?os t- operativelyt the a¡inalt s respirations vere assisted by

the respirator until it was ventilating ac"equately sporrtaneously' Ït

was observed. in the operating toom till consciousness and the cough

reflex returned" The endotracheaL tube t¡as renoved' irmed"iately before

transferri¡tg the aninel to the kennel'

Durinã the fÍrst 48 hours after surgery o¡ly watèr was allowed'

orally. The feeds were grad'ually thickened r¿ith rnilk and neat urìt iI

the seventh to tenth day, vhen norma] diet was resuled' No altibiotics

vere given u:lless there wes defihite evidence of infection'

VAGOTOI.ff ¡]I¡ PYLOROP],åSTY

The d.og.was a¡raesthetized aad placed' on the operating table

in the supine position. The site of operation vas shaved' washed e¡d'

painteô r¡ith alcobcLic solution oî O 'Iy'" Thínerosal ( Ingram & Be]1 Ltd'

Canada) .

lbe abùonen was opened through a midline incision extending

fro¡n the xiphisternum to an ínch lelow the unbilicus' Âfter general

exploration of the abdomjnal viscera, the esophageal hiatus was displayed'

The peritoneun and phrenícoe sophageal lig':ament were incised at the

Ìriatus. Thre vagi hrere identified, dissected' and a 2 cms' segment of

eê.ch nerve r¡as excised from innediately above the g¿stroe sophageaL

ju:rction. The cut enC's of the nerves rçere either ligeted or secured'

with silver clips. Accessory vagal fibres were s oughi and divided'

Pylolopl-asty vås perfoÏmed by }iieneke-l'Îíkulicz r s aethod' The

pylorus üas opened by a 4 cms' longitudinal incision' extending for tr'¡o

thirds of its length oYer the a'nterior l¡a}l of stom¿ch end one third'

over the anterior d'u-odenal- wall' The incision was then selm transversely

using a single layer of interr:upted 000 silk sutures'
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STAGE Ï STAGE ÏI STAGE IÏT

Rigure 1. Operative Proceôures. DÍa€ranE of the A¡ato¡¡ical Situation
<luring the RL¡gt Three Stages. Sibage f¡ Pie-operativea Gastroe sophageal
Junctíon is locaterl belo¡s the Diaphragp a¡d the Va€us Nervês are intact.
Stage If, Post-vagotonJr* the lilerves have beea ilivicted at the Gastro-
esophageal Junctíon anal a Pyloroplasty hae been perforned..
Stage lII, Pits ü-thoracoton¡ra the vagotonlzeil Gastroesophageal Ju¡rctionis alÍspl-aceal into the thorax.
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?he abCosen vas closed by suturing the linea ¿lba and the skin

in layers with 00 in'er-n:c1.ed silk.
TIì0;?.iCTC l]SPl.riiii,-fl Of' TIE Gf JIlt:CTTOìI:

The an:esthetized. aninal lras positioned on the teble on its
right sid.e. An incision was made along the left ninth rib extending

fron the ccstochond¡ar junction ânteri-orty to the sacrospinalis nuscle

posteriorly. After incisi,ng the overlyÍng nuscles the rib was dissected

sulperiosteally anci the pler.ral cavity entered through the rib_bed.

A self-retaining retractor r,¿as used. to expose the 1eft pleural cavity.

The pleura over the 1ol:er esophagus was incised. longitudinally
down to the diaph:reg.i: and the esophagus t.,as nobilized, preservinE: the

vagi. The ga stroes opha-geal j'nction rnas then isolated. fro¡¡ the diapluagn

by díviding edhesions and tìre reneins of the phreni coesophtigeal liganent.

ÌIiih gentle t¡action on the lov¡er esopheg"as, the CE junction anC proxinal

portion of the stoaâch were displaced intÕ the chest. Often it was

necessery to diTide thê upper short gastric aTteries and so¡ae branches

of the l-eft gastric vessels. lhe gas troe sophageal junction r.,as retained.

in the chest by suturing the diapbragrn to the sto¡nach circurferent ial1y
4 cns. belor¡ the GE junction. Àfter complete hae¡nostasj.s a chest tube

rças inse¡ted through a snsll incision in re iniercostal space

ínmediately belor¡ the main incision. ?he thoracic caviiy $ras closed

ln tuo layers by approxin:;ting the divided. nuscles and skin. Drrirrg

lecovely frou the a¡aesthesia 20 cns. of vater suction was applied to
the intercostal tube to remove the air and. f1uid., and to el1ol¡ re-

expansion of the lung. The intercostal tube was renoved efter the lungs

uere conpletel)' Ínflated e¡d ihe doþ vas breething ad.equately. The

aninal was then veaned off the respirator and. returned. to the ken¡el.
: ,:.::!;j j
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post-operative man¿genent r'¡as the sa¡e as after vagotony'

r'.011¡r !ILSfT ---r:9-'.fR t

The left pleural cavity was erposed' through the tenth rib bed'

The size of the previousl-y created hiatus hernia vas noted'' emd the

lower esophe.gus was mobilized". The stonach was then dissected' off the

diaphragnatic hiatus by diviäing fibrous adhesions and silk sutures"

The fundus of the stonach was vrapped around thrêe fourths of the

circu¡nference of the lower three to four cns' of esophegus' This was

then sutured. to the esophagus vith roultiple interrrrpted sutu¡es in

three longitud.lnal rows (Ffg. Zf)" Occlusion of the esophageal lumen

uas preventetl by prior insertion of a levine tube ínto the esophagrs'

The gas troesophageal junction r¡as then replaced in the abdomen and

ancho¡ed to the inferior surface of the diaphragn with two silk sutures'

The cn:ra !¡ere epproxinâted with interrrpted síIk sutures to narvow the

hiatus to norma] s ize.

MODIIIT,TI-IIELSEY REP t

The procedure uas as d'escribed e'b ove except tbat after repairt

the gas troes ophageal junction vas not retu¡ned to a sub diaphragrnai ic

position but retaine¿ in the thorax' the body of the stonech was

sutured to the di¿ph¡€ì8'n to prevent further displacenent of the gastro-

esophageal region. This placed the sphincter wÍth its fundi c cuff

about four cms" ebove the diaphragm"

CRURAL _BIP'1.ÏI:

In this å-roup reconstruction of anatony wes sinÍIe'r to that

rlescribed by rÌlison (44). The left pleuraÌ cavity was opened through

the tènth rib bed.- 'Ihe f'¿ndus vas freed fron its ait¿chnent to the

hiatus, a¡rd the lower esophagus and gastroesophageal iunction l'rere
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Ij
GT,OUP B

Figirre 2. Stage fV. Reparative P¡ocedures. Diagrams of Anatonrical
Situation after Three Types of Repairs and the Shaln Operation.
Group A, Abdoninål Replacenient of the GE Jr¡nction andl Crura1
Repaip. Group B; Abdonirnl RepLaöenent of the GE Junction arid
Fundic-wrap. Group C, n¡ndic-urap witb Retention of the CE
Junction in the Thorax. Oroup D, St¡&n Oper¿tioni the Frrndus
and the GE Junctl-on are Di.ssected off the Dfaphragur and the
Fundus is Resutured to the Diaphragn.
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móbilÍzed fro;¡r the neighbou¡ing st¡uctuÌes. The gastroesoþhr.gea1

junction vas replaced below the ctiaphragn a¡d the esophagus sutured

to the hi¡.tus abcut two cns. above the GE junction. The crura were

approxin¡rted. behinti the esolhagus vi-th interrupted silk sutures placetl

0.5 cms. apart. The hiatus was tightened witil the tip of the index

finger only could be passed. alonéçsid.e the esophagus. The closure of

the thoracic cavity and post-operative nanaSenent Here as previously

described.

E]JA}I-?Rq.QI@:

The left pleural cavÍty vas o?eneal through the tenth rib bed'

The fundus of the sto¡nach was conpl-etely freed from the hiatus, a:rd

ihe lover esophagus vas mobilized. The storoach was then re-sutured to

the diaphragu aþout four cms. itistal to the 6ças troesophageal junction'

The thoracotony closure anC. the efter-ca¡e r¿ere id.entical- to thet of

the other repairs;
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Tventy-three dogs ïrere studied. through al1 stages of the

experinental protocol. ûnly those do€is uho developed g_astroesophageaÌ

inconpetence vere retained for study of the d.ifferent repair procedures.

One dog wås excluded because of b¡eakdovn of the Belsey repairr.and was

replaced by ano+"her dog: fron the Shara group. Âfter studies had.

established thet no significant change was produced by Shan operation,

a Selsey repair was perforoedr a¡ìd resulis of subsequent studies on

this dog uere included in the Selsey Ê:coup. The values fron this dog

are therefore included both in the Sham and in the Selsey groups.

A total of 40 d.ogs r..rere operated upon, of r¡hich 16 d.ied before

com¡rletion of the studyr e¡d lrere replaced rand ooly by nev anine.ls

which were again studieil fronr Stage I.

0P5RÂr1ïï r"io8ÎÅLryI

the most co¡nnon eause of deâth was nassive intrathoracic

herniation of the upper abdoninal visce"a through the esophageal- hiatus

(ta¡te r). This usually occurred after suï¡hiatal vaSotomy, uhich

involved. conplete d.ívision of the phrørico-esophageal ligament. the

Iigar,rent is a well-defined structure in the d.og, and although not

inportant in naintaÍníng coinpetence at the GE junction (40), it seens

to naíntain the GB junction belou the diaphragrn. Thlee dogs died of

distemper, two fron anesthetic nishaps, tvo frorn infection a¡d three

fron other caus es.
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Ànalysis of Operative lniortality
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Caus e of De3.th Nu¡xbers

ldassive intrathoracic herniation 6

of abdorninal viscera

)DistemPer

Anesthetic deeths 2

lnfection 2

Ëaenorrhage I

Undeternined. -2

rotal L6 (40) - 4ú'

EOTLANDER, JEST

Before surgery, integrity of the vagí r'ras demonstrated by a

positive Eollanðer test in all- dogs' Follorring vagotomy' the

IlolÌander test r'¡as repeated to confirn the conpleteness of vagal

section. the usual critería for interpretation of the HolLa¡liler test

vere applied, except when there uas conta'nination of the gastric iuice

with bi1e, or vhete sufficierlt quantity vas not available for titration'

tnder these circunstances, if there was no significant drop in the pH

d.uring the þ-poglycemic phase¡ the test was considered negative'

All vagotonized dogs shov¡ed a negative response to

hypoglyceraía, except log 15 l¡here ttre test was equivocal (fa¡fe Z)'
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'IABLE 2

Results of Hollanderts Insulin lest in 2l dogs

..---------

Group a:rd dog number Control Pos t-ïagotoi¡\Y

Group À

11
3r
t5
12

II
I8

Group B

?
_LO

24

Group C

?8
4

1
to
I

Group l
24

6
1þ
10
13

o

+
+
+

+
+
+

+

+

unsetisfactorY test
+
+
+

+
+
+
+
+
+

+
+
+

+
+
+

- Negative+ Positive
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hEf GI{TS

AIt the animals were weighed at least once at every sts'ge of

the siucy. The a:rinals regurgitated frequently in tbe poèt-va'.''otony

period., but vithin 2-l veeks nornal eating Has restore¿I' Sefore the

next operation nost ¿rrimaLs had' either recovered their normal veigtrt

or had. gained some weight' tr'olloving intrathoracic displace¡cent of

the gastroes ophaEeal iunctiont regurgitation s'as worse but did' not

prevent the ani¡nals frorc eating' Ìlost dogs lost weight in the immediate

post-operâtíve period' but gracuat }y regaineô it' and weighed close to

nornal v¡hen the hiatus herniae were repaired. only Dog 2lr lost a

significant anount of weight froro continuous regurgitation through an

incompetent LIS. Ilowevert following a nodified Selsey repair' it

regained its nornal weight' Neither. the reparative proceóures nor the

Sharn oper¿rtions prod'uced a sigrrifícant change in the weights of the

aninals (falfe 3).
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V,'eights of the aÌrinals in Kilograns at Different Stages o¡ tr¡¿ Study

-,::
^-.- !-^1 Þ^.+- Post-thor¿cic Post-repair

Group & log nu:oer \'.,r¡r':vÀ 
iãg"r""y displacenent

Gloup A

11
)L
I5
L¿
'ìo

18

Group 3

20.5

11" 7
15 .0
14. B

14.6
12 .0

16.1
1&.6
t).)

20.0
13,0
ß"4
20.5
2L"6
2),)

Ð.)
18.9
13 .0
13.0
2) "0]:6.2

20 "g

r1 0

t6"0
17.0
15.7

15.t

2).0
19.?
L).L
14,0

?L.0

12 .0

t6.9
l.4.6

2r.1
12.9
rz.6
19.1
¿r.¿

19"2
zt. o
24.7
2)"5
L5.2
r).7

23.0
t5 "4
14.8
2?.5

2).0

10 .2
r8.3

Group C

Group !

20.7
'1 t ô

v.4
17.1,,rlo
22.17

14.0
?2 .0
rJ.õ
1l+.0
20.0
t5.5

14.4
17.8

l.B,2
t5.6
10"2

20.6
L) "t
t5 "6
22 .0
20 .2
20.8

L(.O
14.0
u.0
?5.0
f?.0

\9.2
28"4

L(

7
Ib

25
24

28
l+

?)
1

)a
o

?4
o

I+
10

o
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At each st¿!8e of the s tud'y the stomach' gastroe s ophe seal

junction and fower esopheglls vere exa¡nined iy cinefluorographyt

mânorneiryr esophagoscopy and esophageal biopsy' The results were as

follovs:
STTIGE T: CoLtroI:!!ggigs

Cinefluoro¡taPhY

în all dogs the esophagus appeareù normal arrd the GE junction

;ic wave Proceededvas located' bel-ow the diaphragn' the peristalt

slooothly dor¡n the esophâ€us till the Sariun d'roppeð into the stouach'

llo gastroesopbageal reflux l¡as noted either at :rest or d'uring applica-

tion of ?0 mn.Ilg. pÏessure to the abdonen in a he a(l ttown posítion

('ra¡re 4).

In tl¡o anirnals a knuckl e of stomach appeare<Ì above the

diaphrag¡r on abdominâ,l cornpression but returrred belov the d iaphragn

vhen the Pressure vas release'l' Neither of these òogs shoved any

evidence of hiatus henlia at vagototrÌy"

T¡3I,8 4

Results of CineffuorogEaphic Studies in 23 Dogs

Stages of Stud-y Sponte'neous Reflux with Toial
F-eflux comPression i!;i#"

Control 6 0 A (Ð)

Post-vagotonlY 6 9 9 þl)

Afte¡ tt¡oracic displaceuient 16 22 22 (2))x

of êE iunction

* One animal rnisseò the studY'
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M:un onie t r:¿

Three to four n¡¡e.netric records r¡ere available from each d"og

for analysis. The pressure profiles of all dogs revealed a high pressure

zone between the stonach E-nd the body of the esophâ€tus. This zonet

Iocated partly below the d.iapb:agar¡ haô a raean length of 2.64 t 0.08 "t".
(sr).

lhe followin6 iniraluninal pressules vrere neasutetl at rest a¡d

during abdoninel coüpression?

(l) Mee¡ fundic pressure

(ii) llean rcaxinar sphincteric pressure

( iii) Iiean esophâgeal pressure

(i") S tonach-t o-sphinct er gradient

At rest ne an pressures in cns. of water we¡e 6.?l' 1 g.29 (sr) u

the stonach, 26.6Et L.6l Ln the sphincter, and. -0.14 t O.Z it' the lorrer

esophagus. the application o.f abdoninal coripression increased' the aea'n

pressures ío zo.9l I 0.96 ln the storcach, 5b.49 ! 2.48 in the sphinctert

anä 1.0 ! O.z? in the Iov¡er esopha€srs (fa¡fe 5). The st onach-to-sphíncter

gradient increased, from 20.04 t 1.56 "t". of sater at rest to 33.44 !

2.25 wÀ,er cornptessiotr, vhich represents a¡ increase ol !).4 cns' of rYater

(f {.OOf) in the grad.ient ' This chang e is attributed to a¡r increase in

the nean nF^xiÉa1 sphíncteric pressjure, v¡hich was greater than the j-ncrease

ín pressure in the stoüach, and vhich is the normal response of the IES to

abd.or¡inal corcpression, as described by find (53). It is considered a

better Beasure of LiS function than the res'r,ing pressure'

Es ophoqqåggllÏ-.aruL¡ggrl^. ggil-Uiosx

The esophageal- l;ì-lcosa was inspected' thlough an esopha4oscope under

general ane.esihesia arid a ¡nucosal biopsy was taken from the area just above

the cartlia. AlI ani,çals sboved a nornai esophagceal rnucosa, boi;Ì: on



Table 5

Comparíson oî l'lean Intralu¡li¡rai Pressrrres in Cns. of llater, Control
vs. Vagoton¡Y (24 logs)

C O}.TIROT, GNIFICItNCl
DIF¡'EÌIENCE

VAGOTOMY

F¡essu¡:es g;t r?s!

Stor¡ach

Iower Esophageal Sphinctar

Esophagus

G¡adient bet'n¡een Sto¡nach
and Sphincter

Pressurcs under CoÌ:rpre ssicn

Sto:nach

J,ower Esopha.geal SPhÍncter

Esophagus

Gradient between Stonach
and Sphincter

I
6.7r : o.z9

26.68 : r.67

-0.1& : 0.21

2ot.o:+ ! I.56

20.9r : o.96
.L

5t+.1n9:2.1t8
+l-.0 : o.2?

33.t+Lr: 2.2

P<.02

P<.01

P<.00t

P<.001

7.56 : o.37
+

|I.1+3 :' L.II+

o.o4 j 0.19

.6.6?- ! Lu,

-!,.2.68 : L"L5
+i7.8 : ].55
-Lr33 : o.23

.l+.95 : r.L,
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inspection an,1 on his tol ogY '
ST-{GE 1I: Post-Vegotoinv Studies

Síxtoeightveeksaftervagoton;¡and'pyloroplastyttrestudies

were repeated end the foll cving resuLts v¡ere obtaíned:

Cineffuqrography '"''

Twenty-th?ee d.ogs und'ertrent cinef luorographic examina'tion'

In all cases, the esophagus appeared' ¿possly norraal with a normally-

loc¿tedgaStroesophageaIjrrnction.¡1,totatofninedogssholled.gastI'o-

esophageal reflulcr six sponianeously anC th¡ee r¿ith abdo¡ainal conpression' 
',,, 

,.

tihen the aninal s r'rere ranåonly di-videtl into four groups for the study i'; 
''

of reparative proceduresr one d'og sholring gastloesophageal incoÚpetence

ves in Gsoup A, two in Group B, tbree in GÌoup Ct and' three in Group D

(ra¡]e 12, appendix).

l.{ano¡retry

lhe mea.n gastríc, sphincteric alrd esophageal pressures' e¡d the

stonach-to-sphincter gradient, uere neasured and cornperecl with pre-

operative vafues. A preLirinary analysis of variance shoved significant

d.ifferences between the ani¡na1s in each group' Therefore each dog vas
l.. j

used.asitsol¡ncontrolforal].comparisons.Thepairedt.testwasusetl..

for coraparison value s obtained at each stage' r, ,''

After vagotony the nean resting pressures in c¡ls ' of ç¡ater v¡ere

?.56! 0.1J? in the stonacht 21'43 t 1'14 in the sphincter and 0'04 t 0'r9

in the lower eso?he.gus. 0n conpression the neen pressure in the sto¡oacb - 
i,.,.,

was 2?.68 ! L.15, in the sphincter 3?.84 ! t.55, a¡d ín the esophagus

lÔ) t O ,2). I'h¡.e s tonach-to- sphincter gradient uâ's L6 '62 t I '44 at rest

and r4.95 J t.45 cluri ne conçressiono
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lhen iìrese values çere ccnpared vith pre-operetive values

(?a'cfe J) â siqnificant ch.3n{e vas noted in the r'rea¡ naximal sphincteric

pressure, uhich decreased at res', by 5.25 cns. of i^'ater (P (.001) and

rìnder conpression by 16.69 c¡ns. of vater (p (.oOf). ihe decreese in

the sphincteric pressure r+as reflected in s to¡rach-t o-sphincter gradient t

which al-so decreased. by 3.48 t 1.14 cns. of vater (p (.OOf) at rest end

18.49 J 2.44 (P <.001) during coinpression. A conparison ìretween post

veEotomy restin€i ênd conpression gradients (16.62 "s. 14.9i) indicates

conplete ebolition of the IES response to conpression.

fhe neâ¡ length of the lowe¡ esophageal- sphincte" after vagoto4y

r+as 2.60 t 0.09 cr,s, as conparec to 2.64 J 0.08 befo"e operation; this

cha::ge was statistically insignlfi cant.

Es oÌhe-qos copl¡ €¿r_d 9iopsJ

Gross ex¿üination of the esoghageal nucosa at esoph.agoscopy

failaô to show any evidence of esophagitis in any aninal, and mucosal

biopsies from the lower end of ihe esophagus ì.rere reported. norrnal on

nicroscopic exanination"

fn sunnary, subdiaphragoat ic vâgot ony reduced ihe nea¡ naxinal

pressure ín the LES, Iolrered the s tonach-t o- sphincter gradíent both at

rest and during conpression, ald d.ecreased ihe LËS response to conpression.

A1tllough tttese che¡ges occur¡ed in e.ll animal-s, only nine showetl gastro-

esoplìageal refh:x during cinefluorography, suggesting that the latter

vas a:r inperfect neasure of GE competence.

The LES pressrl:ce and the s tonach-t o- sphincter gradient shoned.

considerable variation fron d"ay to day and responded to a host of díff-

e¡'ent stiruli" It is therefore likely that soùe dogs d.enonst¡âte

incompetence only period.ically, end that this çi]l be nissed unless



tr4

unless cinefluorograptSr is done during that period. In a.rry event vagot-

omy was not enough to produce GE inccnpetence in a1f tl-¡e animals.

SI.AGLIII: Studies after Tho¡acic nis-o1e-cement of the GE Jr:¡cti.on

Four to six weeks after displacenìent of the GE junction above

the díaphragrn, .the tests were repeated. Iìy this tine the ânirnals were

on e no¡ltal d.iet and had. aLnost regained. their no¡mal r+eight. The

folloring results we"e obtained:

Ci nefluqlosraphy

À11 the dogs with one exception underr¡ent cinefluorographic

exanination at this stage. Supradiaphra6Sratic displacenent of tbe GB

j.unction and 4 to 6 cns. of sto¡tâch l¡as confírneal in all ani¡nals. Gastro-

esophageal reflux w¿s readily denonstrateð in afl enisalsr in siJcteen

spontaneously and in six under abdcminal coopreosion.

l{anometlJ¡

The nanometric Ìecords showett tsro high pressure zones three to

four cm. apart r with an i¡terveníng plateau and often a double respiratory

reveïsal" the distal bigh pressure zone 1"¡as short and represented the

diaphragrnatic hiatus. The proximal high pressure zoner lrepresenting the

lower esophageal sphincter, had a ìnean length of 1.8? i 0.09, significa.ntly

less than that at Stage II (? ( .00I)"

The resting nean lltrafuüinal pres sures Ín cns. of r¡ater r¿ere

?.64! o.SZ in the stonact., 16.99 t g.95 :.n the lower escphageal sphincter,

anù 0.?3 t O.e5 itt the esophagus. 0n abdoninal conpression the nean

pressures r¿ere 19.45 i l.og in the stomach, ??.?+ ! 1.2) ín the sphincter

and 2.01 I O.3t in the lower esophagus. The s tomach-to-sphi-ncter

gradient rvas 9.4J t 0.82 at rest end 5"26 ! 9.99 during conpressÍon.
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trllhen tleee veiues uere coxlpared. çith those after vagotony the

rnost signiíicant chê.nges r!'ere fou¡d .in the LiS pressure, vhich dec¡eased

by 4.42 cns. of vater (P (.ocf) at rest ard 10.07 (r (.oof) auring

abd.orninal coülressio¡lr and in the s',,ÔInach-t o-spbinc ter gradient, which

decreased by 4.52 cns. of water (P<.001) at rest arrd 6"69 (p ( 'oor)

<luring conpresslon (talle 6). lhe gastric prèssule at rest díd not

change sigrrificattLyr but dür ing abd'orninal cornp:'ession d'ecreasetl by

3.2) clrs. of lrater (p ( .Of). The neâ¡ esoptrageal pressure díd not

change sigaÍficantly at rest, but duri-ng conpression increased by 0'68

cms. of r¡ater (P(.05)'

EsouhâsosccDy and SiotsY

Although all aninaÌs d'e¡nonstrateal gastroes ophageal reflux

d.uring x-ray studies, none shor^'ed an¡' evídence of esophagitis on esophe-

goscopy or ¡¡ucosal bioPsY.

In suinnåryr thoracic d'isplacenent of the vagotomized' LES resulted

Ín a decrease in its length and a fall in Íts intraluninaI pressure and

consequently the sto¡aach-to- sphinct er gra.dient. Tn aIl- of the'22 dogs

studied at this stage, cinefluorography showeil gastroesophage al refluxt

alttrough none shov¡ed aJiy g?oss or rnicroscopic evidence of esophagitis'
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Tabl-e 6

Conparison of i'í!an fntra¡¡minar Pressures j'rl Cns' of !"ater ' Vagotc:ry

vs Tho¡acic nispfrr""n"äoi Gr 
"trou "ophàgea1 

junction (24 ¿ogs)

THORACIC
ÐISP],ÂCH,,3T.N

Pressures at lggf

Stomach

Lover esoPhageal sPhincter

Esophagus

Gra<iient betr.een stornach
and sphincter

Pre s q,,rxgq 
-u¡lj.e 

r co4prgsgþA

Storrach

Lower e soPhageal sPhíncter

EsopÏøgus

Gradient betrn'een storrach
and sphincter

7.56 : o.37
J.

21.Àl : 1.I5

o.ol, - .19

13.95 : O,97

22.68 : r.t5
-L

37.8L : I.55

r33 : o.23

Ilr.95 ! I.1,5

-¡-
7.61, : o.37

16.99 : o.95

o.23 : o.25

9.1ß L o.82

19.45 j r;os

27.7L! \23

2.01 : 0.31

s.26 : o.99

SICNTFICA¡ICE
DIT'FERIJ'iCE

P4.001

P<.001

P<.01

Pq..o01

P<.05

P<.001

VAGOTO.{Y
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Figure t5. A Bar Graph Representing Changes in
Presgures, (Crn. H2O) in the Stónach,
the Lower Esophageal Sphincter, the
Esoplngus and the Gradient between
Vagotomy and Thoracic Displacenent at
lìest and During Cornpression.
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$T,{GE IY: Studies ¿fter Restoration of Gastroe s ophac'e al Conpeience

Up on conpletion of the studies i-n Stage IIIt the dogs were

tÐ:'dÒnly assigned to fol¡Ï groups, and each group of six dogs unde¡qent a

different procedure. since there were only ?3 do}s availabl-e at this

stage one dog was used tvice, first for sham operation (Group D) and then

for Belsey repair (Group l). the results of tlifferent reparative

plocedures vere evaluated' by cc¡lparing the value s at Stage lII vith those

at Stage ÏV foÌ the same six animals'

Six to eight î,teeks after ÀLlison repailt cinef luorography and

nanometry vere perforrcedn and t'ne folloving results were obtained r

Cil-eflrlorog¡aPhY

AlIaniüâ].ssiror.¡edanornally-locateôGEjunction,bothatrest

and ûuring abdonínal conpression' Esophageal notor activity Ha's not

significantly changed" No reflux l.ras demonstr¿ted in four out of six

d.ogs. 0f the tvo dogs sho!¡ing GE inconpetence' one had sho¡¡n reflux

after vagot ony and was nov back to that status' whereâs the other d'og

was obviousl-y worse tba:r at tbe posi-vago'boqy sta¿çe'

Before rePair

.Af ter rePair

llurnber SPoniaaeous
!tu4l-94 -BeflUl

6Lr
6t¿

Reflux on Tota1 Showing
CqqresstqP Reflux-

66
22

lÍnn onetr.Y

Todemonstratethatthesixajlim¿Isran'd.ornlyselecteclforthis

procedu"e vere not significaDtly d'ifferent fron the rest of the aninals

in the experinent, their intrâIuminal pressures through Stages I to III
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vere compared i:sing the pai¡ed t-test for st¿rtistical analysis. The

results (ralre ?) indicate tba-t the.changes in this group followed the

sa:le trentl as the total a¡inal population in the study. 1-he confidence

levels vere Ìor,rer, due to s¡nalfer nuûbels a¡d wide varíations between

the anj¡nal s in the gtoup. Vagotorny decreased the tES pressure a¡d the

st oraach-t o- sphinct er gradient, both at rest and during abCominal comp-

ression. Â1so, the ïesponse of the sphincter to compression was signi-

ficantly reduced, âs iudged by the difference in the resting and conp-

resslon gradients. Iisplaceraent of the LES above the diaphragm further

reduced the resting sphi-ncteríc pressure and the s toroaeh-to-sphincte¡

gradíent, but the change was not statistically significant" Eowever

àurlng abd.oninal compression the dectease in the IES pressure arrd the

st onaeh-to- sphi¡ct er gradient were statistically significant (? <.05).

.ls expected¡ the length of the high prëssure zone also decreased signi-

fi cantly (r q.oor).

.å.fter thoracic <lisplaceraent of the vagotornized LESr the neaa

resting pressnres for this group of six dogs r.'ere ?.14 t o.?4 crs. of

vater in the stonache a5.62: l-.6? in the sphincter, and 0.43 t .4 it

the esophagus. The resting stonach-to-sphincter 6¡radient was 8.4f t

1"þ? cns. of r¿ater. Daring abdoninal conpression the pressures were

I8.7? ! l.?4 e¡ns. of r¡ater in the stonachr 2?.8) t t.g4 ir. the sphincter,

L,5 t 0;]6 in the esophagrrsr i{itb a storaach- to-sphinct er gradient of

9.06 ! 2"16" Àfter redluction of the IE beloLr the díaphrap a¡d crural

repair (.c,llison, 44), tbe nean intraluninal lressures at rest vere 8.0

t 0.85 .*". of ro,ater i.n the stonâchr 24.08 t z.o6 in the sphincter, and

O.g4 ! 0 ;].1+ in the esophagu'e; and tbe resting st onach-t o-sphincter

gradient l¡as 16.0 t Z"tZ. I¡nder abd.oninal compression the p1.ess1rres $ere
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Tabl-e ?

Coir,rar'1so:-: cf l'le¿n Jntra]uninal F¡essures in Cns' of \eter and Length

of the lorqer Esoplag"P^i Àpf it't"t"" in Crns" before 
-and 

afl'er
-- -'r'.eãtou'v, titoi Thoräcic Displace;een'- ' 

arrd after
Repair in GrcuP Â

le sti¡A Pre s sure 9
ir

itonach | 6.0lr: .l+2
I

sphincler 123"5 :2.9
I

Esophag:es l-c.6 : .3
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I

I
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I
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?.8 : .69 |
I-rf
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I
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i

ì
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j

-Ll
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I
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L.5 : .37 t

I
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26J.;6 ! 3.15 cns. of r¡ater in the sto¡racht 43'38 ! 3'29 in tbe sphinctert

a¡ô 0.62 x O.z9 in the esophagtls ¡ and ttre st onach-t o-sphincter grad'ient

was 16.?9 t 2.8 "

After repair sigrrificant changes were not e<I in the resting

sphincteric pressuÏe, vhich inereased by 8'4J I 0'8' "*u' 
of rdater

(?<.00i), and the st ornach-to-sphincter etcadient vhicb increase<l' by

?,52t I.07. 0n compression the significant chan6es L'ere in the gastric

pressurer which increas ed bY ?')g 1 z'oa (y ('oz)' ttre sphincter pressuret

which inc¡eas ed bY I5'25I 3'06 (f ('01)' and the stonach-to-sphincter

gradient, r¡hich increasedr.'?3! z'tq (r q '05)' There was no signifi-

cânt difference between the gradients with and withou+" conpression'

Ânother siglíficant change was seen in the length of the bigh pressure

zone, ro,hich increaseè lton'*'551 0'1lr "t"" 
No 2'68 t o'ej (p < '001)"

l,henetresultof,replacementoftheLEsbelov¡thediaphragn

was an ilapr ovenênt in its length and' an increase in its pressure lresult-

ing in an increase in the stonach-to- sphincter gradierit' The neân

pTessures were aol¡ fairly close to the post-vagotony level- (rignre 5)'

M¿¡onetric improvenent, in the sphiacteric pressures and in the gradient t

\.ras acconpanied^ by restoration of GE conpetence radiologically in four

of the six a¡irr""Js. îhis lndicates a close cor:relation betveen the LES

prèssure a¡ô stouach-to-sphínct er gradient and the GE eompetènce'

GROLIP- B. (J4odified SeiseY Ìepafr)

The combined effects of restoratlon of the LES to its norm¿L

l0cation and fundic wrep Here studied six to eight veeks post-operat ivefy

in this group of six dogs' l{anone tric studies provided the ¡aeasurenents

of intraluminaL pressures $hile cinefhìorography demonstrated the presence
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or absence of gas troes ophageal competence.

Cin e fl-uoroeranhv

In all a¡ina1s the GI junction Uas found beLow the diaphragm.

Peristalsis in the esophaé$s r,ra.s slow but rl.id. occur in response to each

bolus of barium or air. None of the dogs shor.¡ed. reflux¡ either spontan_

eously or under conpression. Dog 24, who demonst¡ated g¡oss reflux a¡d

weight loss after sham procedure, d.eveloperl gastroesophageal competence

and gained veight following Belsey repair. In sone animals there was

delayed erìptying of the lowe¡ esophagus, and two or three aÍr swalfows

uere required before the esôphagus was cleared of all bariun.

Sefore repair

ÄfLe¡ repair

Nr¡¡nber Spontaleous
Studied Reflux

6I+

5o

Reflux on Total Shoving
Con¡ressi o:r Reflux

66
00

Manometr]'

Îh¡e effects of vagotorgr and thor'âcic di.spJ-acement on nanornetry

in Group B aninals were also sirûilar to those of the entire aninal

population in this study (fabte B). Vagotony reduced the resting

sphincteric pressure a¡d the gradient but the chânge was not stetisti-
cally si¿¡nificant. Houever, durin,g compression there rvas sig.nificalt
decrr?ìse in the LES pressu¡e (r (.05) and consequently in the sto¡racì-r-

to-sphincter gradient (p < .O¡). The sphincteric response to connressioi,

measu¡ed as the diffe¡ence between resting ald conpression tÌadients,
vas also reiluced llon I).2? cms. ol r,rlter to 4.55 cms. of wate¡. Tr¡o

do¿çs dernonstrated gastroe sophageaJ. I'eflux at this stage (full" L2,

Appendix).
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Before repair the nea¡ resting intraluminal pressu¡es in thís

Broup nere ?,65! g.5g c¡ns. of wate¡ in the stomach, 1g.49 t 2.4 in the

LLìS, arrd 0.62 ! 0.6 in the esophag's, and the restin¡1 stom3.ch-to-sphi.ncte¡

¿pa.dient was l0.BJ I l.?. Drring compression the pressures Ín cns. of

nater Lrere 18.86 t Zð) in the stonach, ?g.O? ! 2.6 Ín the sphineter, and.

2.I ! 0,99 in the lover esophagus, and the s t on¿ch-to-sphincter gradient

vas L0.2 t 2.1. After repair the neån intlaluminâ] resting pressures

in cns. of wate¡ were 8.04 t g.97 in the sto:ira"ch, Z?.04 ! 4.1 in the

sphÍncter, enð. -0.66 t O.f6 itt the esopha6¡rs, and the gradient uas 19.54

! 3.68. During abdoninal compÌession the mea¡ pressures in cns. of

w¿ter were 2I$ ! 1.69 in the stomach, 52,4 ! 2 J9 in the sphincter, and

10.99 t 0.6 in the esophagus, a¡d the stonach-to-sphincter gradient was

)0.ü ! 2.9 (rabre B).

Comperison of the values before and after repair shows a signí-

ficant increase in the l,ES pressure both at rest (p (.0J) and during

compression (f ç.OOf ), and a corresponiling inc¡ease in the stonach-to-

sphincter gradient. the¡e was also a si_g¡ificant improvenent in the

sphincter response to conpression; the difference between the resting

and corapression increased. lton 4.6J cms. of water before repair to
10.49 c¡rs. of water afte¡ the repair. The other s igatifi cant cha¡ge was

an incre¿se in the length of the high pressure zone frorn 2.04 t O.LZ cms.

before repair to ).42 t o.f¡ (p(.oI) after repair.

Improvenent in the LES pressure and the sto¡ûa ch- t o-sphinc t er

gradient correlates well r,rith restoration of gir stroe sophageal competence

as demonstrated bt¡ c inefluorogr¿phy. Correlation is better with intra-
luminal pressures on cornpression (fig. 6) ttran with pressures at rest.
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ït appears that, as presrsures reach the nor:rnal_ range, competènce is

regained. The other change which nay contribute to restors.tion of Gt

competence is the increase Ín length of the high pressure zone to a¡

above-nor¡¡al vaLue.
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TabLe I

Cornparison of Mean Intraturninal- pressures in Crns. of tlater anc.l Lengthof the Lower Esophageaì Sphincter in Cms., before anrj after
Vagotony, after Thoracic lti s¡ìacereni a¡¡d after

Repair in Group B
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Figure 6. A Frequency Distribution Representing Changes in
Pressure (Crr H20) in the Stomach, the Lower
Esophageal Sphincter, the Esophagus, and the
Gradient in Control, Vagotony, Thoracic Ðisplacement
and Repair, at Rest and Under Conpression in Group B.
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GROIIP C (trìrndic-w¡ap on Intrathoracic LTXIì

In six do¡1s, all with gas troesophageal ineompetence, a mod.ified

Belsey type of fundic-wrap was perforrned, retaining the GE junction

4 cns. above the diaphragn. Following this procedute there was no sisni_
ficant change either in GE conpetence or in intraluminal pressures.

Cinefluorozra¡hv

AII aninals continued to shor.r a portion Õf suprahiatal stonach,

with the GE junction located about 4 cns. above the diâphragn. l,íotility
in the b odi¡ of the esophagus appeared. no"rial. Five dogs, krho sholred. GE

reflux before repair, continued to show reflux. One dog, who r,¡as not

siudied at Stage lT, also de¡nonstrated. GE reflux after repair.

Before repait

Á.fter repaÍr

Nutnber Spontaneous Reflux on Total ShowingStudied Reflux Cômpression Ref tj¡x

5455
6556

l,lgnornetr.y

Table 9 shows the effect of vagotony and thoracic disple.cenent

of the 0E junction on the intralurninal pressuies in the animars selected.

for Group C, and their statistical sig¡ificance. Vâgot o:\y reduced the

resting pressure in the sphincter and the s to¡nach_t o_sphinc ter gradieat

(f (.0¡). Durin,g compression the LES pressure d.ecreased from 49.g2 crns.

of r¿;rter to )2.85 (P < .01), with a corresponding decrease in the

st our:i ch- t o- sphincte¡ gr.d.ient (f (.Of). As expected., .the response of
the l,!lS to conpression was also significantly decle¡rsed. Tho¡acic

displacement of the LIF further reduced. jts int¡aluninal pressure and

the s t omach- to-s phi ncter grid.ient, but the changes did not reach statis_
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tical significance. However, under abdominal compression both the

sphincter prèssure and the gradient were siqnificantly red.uced (p (.Or).
The length of the high pressure zone also diminisheal with intrathoracic
clisp).acenent of the GE junction, fron 2.62 t 0.26 "r". to I.99 I 0.19

(f (.05). These chan¡¡es are sinilar to those soen in the othe¡ sroups,

anC ind.ic¿rte that the a¡inals in this gl.oup were not ent irely different
from the rest in their physiological behaviour.

In this group before repair, the nan intraluninal pressures in
cms. of water under resting conditions vere ?.4) t O.g6 i¡ the stornach,

I?.22 ! 2.42 in the sphincter, and 0.0? t o.4l in the esophagus, and

the s t Õnach-to-sphinct er gradients was 10.08 t f.g5. Drrring abdorrrinal

compression the pressures were lB.4J t e.t in the stonach, 25ð) ! 3.II
ín the s;ohincter, and. L,8J ! 9.25 in the esophagus, and the storqach_to_

sphincter gradíent was ?.1? ! f ,?5. Four to six r¿eeks after repaír the

riean resting pressures ín cms. of water vete 6.45 J f.t4 in the stonach,

16.92 ! 2.8 in the LIS, and 10.62 ! 0.6g in the esoÐhagus, and_ the

s t omach- to- sphincter gradient was I0.4? t l..B?. Ðuri n6ç abdoininal compress_

ion the pressures r¿ere 1?.13 l4.Z it the stomach. ??.8? ! J.6) tn tne

LES, and 2.54 t 0.?3 in the esophagus, and the s tomach- t o- sphincter

grad.ient was 10.73 ! Z)?. l./hen these values are compared r¿ith those

before.repair,,,o 
"tuti."tically significant difference is denonstrated

(tatre l).

'Ihe len,qth of the high pressure zone, which was 1.94 1 0.IZ "r".
bcfore rephir, vas not si,.rrificantly chur¡4ed afLer repair (Trlble 31,

Âppcndix).

0ìtùUl, j) þham procedu r.e)

The si.x a¡inals in this €Troup vere studied. before ¡:¡d afte¡ the
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Table 9

cornparison ¿¡f iÍean Tntraluninal Pressures in c¡ns. of l{ater and length
of the Lower Esophageal Sphíncter jn Cns., Before and After

Vagotoqy, after Thoracic Dj splacenent and after
RepaÍr in Group C
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procedure with c íne fLuorography ånd msnometry ¡{nd the results of the

studi cs âÌe âs fol I ovs:

Ci ne fluoroAranhy

Sefore sham procedure all six âninals in this group cler:ronstreted

a portion of the stonach above tlre diaphragm, and gasüroesophe aeal reflux.

Afte¡ Sham pr:ocedure five do¿çs, who und.erwent c ine fluorography, shorved

gastroesophageal ¡eflux.

Nunber Sponta¡eous
Studied Reflux

Sefore operation 6 4

After operation 5 4

Reflux on fotal Showing
Conpression Reflux

66
55

One dog died before cinefluorography could. be perforned. Manometric

tests on this anÍnal did not show eur¡. significant change after the sha.m

procedure.

IIanom e t ry

îhe dogs in this group had also respond.ed to vâgotony and

thoracic displacemer:t of the GE junction in the usual manner. Vagotorny

reduced the mea¡ resting pressu?e in the i,ES fron ?6.J5 t 2.6 cns. of

water to ?I.2I ! 2.4f (p ( .02) and the ¡estins st omach-t o- sphinc t er

griid.ient fr^orn 19.7? to 1.4.07 (f < .Of). Uncler abdorlin:l coDpression

simiLar changes were noted. The¡e r¿as no ¡ise in the stom¡rch-to-sphincter

¡¡rrdient on cornpression, indicatine an absence of LtrlS response to abdom-

inal conpressi.on. 'lhoracic displacement of the cl junction did not

produce a significant ch¡ìnRe in the uean intralu¡:nin¡rl pressures at r:est,

but during conr¡rression there r¿as a fall in thc LUS l)ressure, from 3tJ.08

! 7.t5 to '¿8.?5 ! 2.4! cms. of rvater (P ( 0.05). .hlso, the len¡th of
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the hig,h pressure zone decreased from 2'38 ! 't5 to 2'06 t 'ff' All of

the above changes are similar to those seen in otheT Froups after vaAOt-

ony and thoracic di splacement of LES'

Analysis of n.rnol0etTic tests perforEed after the sham procedure

rti¿ not shov a significant change in the LES firnction (taUe fO)' lefore

shan operetion the me¿n resting pressures in cns' of r'¡ater were B'41 t

0.88 in the stona,ch, 16.68 ! I.5) ín the LES, and 0'66 È 0'5t it' ttte

esophagus, hrith a s t onach-t o-sphíncter gri-dient oî 8'25 t f'6f' Under

abdorninal conpression the pressures were 22'0 J z'?8 clns' of water in

the stonach' ?8.?5 ! 2 Jt9 in the L-$, and 2'J6 t o'68 in the esophagust

with a grn.die nt oî 6'?5! z'lt' after sha¡n procedure the resting intra-

luninal pressures r¿ere 8.?5 t g.g9 crns ' of water in the stornacht 18'33

i z.o in the tES, anù -0,2? t 6.39 in the esophagus, givinpt a stomach-

to-sphincter gradient of 9.58 ! L.69' Und'er compression the pressures

in cns. of rvater tere ?2.?9 ! z'46 ¡n the stomach' 28'66 t 3'66 in the

sFhincterr 1.89 t 0.63 in the esophagus, and e- €¡radient of 6'2 ! I'87'

'lhe tength of the high pressure zone vas 2'06 t 0'I1 c¡ns ' before and

l.?6 I 0.ll afte¡ the oPeration.

A cornperíson betweren intralunrÍnal pressures recorded before and

after sham opcration does not shorv any signÍficant chanee' with the

e-xception of esophage¿ìl Ì)ressul"e trnder' comptession vhich decreased after

sha.n opere.tion (r ( o.o5).
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Conparison of Ìfean fnt¡alumin¿¡.l Pressures in Cms. of hfater and Length
of the l,ower Esopha6eal Sphinct,er ín Crns., before ¿.nci afte¡

Vagotomy. after Thoracic Displacemerrt anrl after
Repair in Group D
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THE I'iODEL

The aninal model usetl in this study has several shortconings.

Although gas troesophageal incompetence was demonstrated in all a¡inals

vith a vagotonized GE junction }ocated in the chest, none of then

d.eveloped. esophagitis during the six to eight veeks of subsequent study.

Other factors may contribute to the developûrent of esophagitis besides

gastToes ophagesl reflux. In hunan beings, the duration of ga.stroesophs.-

geal reflux seems an inpoÌtant factor, since occasional heartburrr

associated with gastroes ophageal reflux is a com¡non occuIrence, but

gross esophagitis is demonstraterl only in thôse wíth longstanding refh:x

(gS). Perhaps the dog Lrould also develop esophagitis if the esophagus

uere exposed. to acid-pepsin reffux for a period longer than six to eiEht

weeks. There nay also be a species difference in the sensitivíty of the

esoplragus to acid-pepsin ¡efLux. Pl-zak- (96) applied artificial ga.stric

juice, rnad.e fron crystalline pepsin a¡d dilute hydrochloric acid in a

jet with constant strean size, to esophageal a¡d duodenal nucosa of a¡

anaesthetized dog. He found th¡t esôphage¿I ¡nueosa uleerated in J

minutes anrÌ d.uoilenal mucosa in 15-¡+0 ninutes. In his study the da-urage

to nucosa was not only from acid-pepsin but also due to the ¡nechanical

traruta produced by the jet of acid. Obviousl;t the situation bears no

likeness to gas troe s ophag-eal reflux in the present rnodel, a¡d the

validity of the observations is questionable. In fact the canine

esophagus is fairly resi-stent to no¡rnal gastric juice. After resection

of the gas troes ophageal junction, Anderson (yZ) ¡u¿ to use hista,nine

stirmrlation to produce esoghnqitis in tris dogs. None of the unstimulated

dogs developed esophagitis. Histauine stimulation in the absence of

gas troesopha¡çeal reflux also failed to produce esophagitisr although
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gastroduodenaL inflam¡nation and ulceration were co¡nnon. These studies
would Índicate that, in dogs, prolor¡ged. exposure to ¿¡astric ..juice tich
in acid.-pepsin is required to produce esophagitis. Tn the present

canine rnodel, no¡eover, vagotomy probabÌy protecterl the esophagus by

reducing the acid-pepsin output of the stonach.

During vagotorny and thoracic displacenent of the eastroesopha_

¿çeal junction a numb e¡ of changes took place, all of vhich could have

influenced gas tro es ophageal competence. To expose the vagi the phreno_

esophageal liga:nent vas divided circu¡:.f e¡ent ially, which resulted j.n

sone widening of the esophageal hiatus a¡d allor.¡ed greater nobility to
the gas troesophaqeal junction. Brernne" (l+9) stuaie¿ 1o*er esophaAeal

sphincter pressures and Eas troes ophaqeal conpetence before and after
comolete divlsion of the ph-renoe sophaEeâl ligament, and conclurled that
the liqanent did not nlay a significant rofe in maintaj.ning LIS pressure

or gas t¡oes ôphageal competence in the dog. He also concluded that the

l igaraent provided st¡ucturaf suppoît for ¡rainienance of the no¡mal

anatomic position of the GE j'.mction. When this support is lost the

dog is prone to devel,op ¡nassive her;ria.tion ihrough the hiatus, which

accounted for *,,he najoritl¡ of the deaths in this stuAy (Talle t). The

above obse¡vations su{eest that division of the phrenoesooha geal liÃament

did not contribute signiiic¿ntly to the observed chan,ses in the intra_
luminaÌ pressììre end GE competence.

ùrrlnß thoracic d.isplacenent the abdominal escphagus and upper

p.3.¡t of the stornÎ'ch were freed from al-l surrounding structures, includ_

ing the esoph3Feal hiatus, anrì the ecute angre of His became s¡ obtuse

an¡1le. Brenner (49) stu¿íe¿ J dogs after excision of the diaphraßnatic

cÌura ånd found no evjdence either of C¡l incompetence or sig¡rifieant

Ii:::1
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chan4e in LBS pressure. In a sinilar study on monkeys no chan¡¡e was

found in l,ES pressure after excision of the left crus of the diaphr¡g¡

(fa¡. fhese studies inclicate that separation of the qastroe s ophnqeal-

junction from the crura and s'.r:lroundi43 structures was not responsible

for the changes seen in GE competence a¡d intraluninal pressur:es.

On the other hand, the shortenin4ç of the high prejlsure zone

observed after tholacic displâcement of the 0E junction vas due, at

least in part, to separation of the GE junction fro¡r the crura. Breir,ner

(49) shoved that the lensth of the high pressur.e zone rêcordêd. at a

nornally located GE junction includes a crural component, since excision

of the c¡ura, with repl;ceraent of the GE junction in its nornal position,

shortens the high pressuxe zone. The present study is consistent i,¡ith

Bremne¡ls observation: the len2th of the LES decreased. trom Z.6O I O.O9

cns. to 1.8/ 1 9.99 (f 4 .OOf) when the GE junction vas displaced fro¡¡

the di airhrag'natic cm¡a (fatf e f f ).

?A3IE 1]

Conparison of I{e en Len¿Jth of the lover Esophageal Sr¡hincter
in cms. in 24 dogs, before Vaqotomy, after Va.gotorny, ant!.
after Thoracic Displacenent of the LllS.

ìi

:-
'.:

irr

It is unlikeLy that

to gas tro e sophagea)" reflux.

gas troes ophageal conpetence

shortening of the higlì pressure zone leads

Bremner (49) did not noti.ce eny change in

or sphincteri.c pressure when the GE junction

Control Significance of
Difference

Vagotomy Significance
of Difference

?horacic
)j spla cement

z.6t+ ! o.og 2.60 :. 0.09 P < .001 r.B7 : 0.09
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wrrs loc€rted below the diaphragn. Presurnably, the LES acts as a bar¡ier

to reflux by naintaining its pressure higher than that in the stomach,

regardless of its length

ff neithe¡ isoLation of the junctional zone from diaphrlrgrnat i c

influences, which destroys the anø,le of IJisr nor severa¡ce of the

phr en i coesophageal lirrament, which renoves the p.natomical sta.bility of

the lES, can alter sphincte"ic pressuÌe or lead. to cE ïeflux, how is

gastroes ophageal incompetence produced in this experimental model? It

¡nust be the result of v¿gotomy and thoracic disple-cement of the gastro-

esophareal junction. This study clearly denonstrates thlt subdiaphrag-

matic vagoto ly decreased the resting tone of the LEÍj and its respoxse

to abdominal cÕnpression (fig. 3, Table !), and supþorts the obse::vations

of Elbute (65) *a of Lin.f (53). the chânges in snhincteric function

r+ere associeted vith loss of ga,s troe sophage al competence in nine out of

tventy-three dogs (Tabì-e 12, ,{ppendix). There aTe two possible explana-

tions why the rest of the d.ogs did not de¡nonstr¿ite GE inconpetence after

'/egotony. Firstly, post-vagotonry c ine fluorogr¿ph i c tests to denonstrate

ga st roe sophageal refl.ux were carried out only once on each anj¡tal, over

a period oí ten to fifteen ninutes, vhich may not heve been suff icient

to demonstrate reflux. Possibly, rnore animals hroufd show reflux if the

tests vere repeated or prolonged. The seconcl plausíble erplanation is

th:rt the decreâse ln sphincteric presrsure ¿rnd its response to compress-

ion was not sufficient to produce ¡4a st roe sophlgeal inconpetence in sone

anilnals.

The ncatter-graph (lig. 9r Appendix) shovs .r- djstinct correfa-

tiôn between the s tonlach- t o- sphlncter gradient under cornprcssion and

gr s troesophageaL reflux. Althoug,h al-l anirnals a.t StaÂe IIf showed reflux,
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with ¡¡rrrdlents lolrer than the nornal range, the¡e was consider¡,ble 
,

overlap at Stage 1T, af¿er vagotomy: a nurnber of a¡in¡åls had gradients

close to the lotrer range of normal , but only a fer,¡ showed evidence of
.

GEincornpetencaonx-Iayexanination.Thec¡ucia1].eveIofé.râdient

for inconpetence seeûs to be around l0 cms, of water: Íf the Lï5 cannot ?:

-rnaintain a pressure 10 cns. higher thal the gastric pressure under

abrlominal connression, it is likely to be inconpetent on cinefluoroscony. 
-

lhe effect of thoracic dlsplacenent of the vagotomized GE I
-::

junction was a fu¡ther reductj-on in the sphincteric pressure and its i
resDonse to cornpression, which was associated with ga stroesopha"feal reflux i'

in all animals tested. The fact that a ncrmal GE sphincter does not 
::

become inconpetent when displaced above the diãphragm, althouqh its

pressure is s1i61ht1y reduced, vras k'efl shom by Lind (40). Ilordever, à

vagotonized sphinctor has a l-ower resting pressure whích, conbined \".j. t h -

its inability to contract in response to compression, makes it less aþ1e -r

to prevent ¡eflux. .fis opposed to positive intra-abdoûjnsl pressure, an :
:

intrathoracic sphinctelr is exposed to nesative ( subatmospheri c) pressure, ,'

vJhÍchfuIth-.rred'ucesitsintraIumina].preSsuIe.lhusacombinationof
!i

vagotony and thoracic displacement produces o o,å¿"1 with GE incompetence. :'
::

t

iìE$'rORriTI0N 0l' GAIiTRO-ISOIILG-rr.IL COl'ii,i1ã,iCE

Theresu]-tsofeerlyshowthatfundic-rvrap,conbj'nedwith

¡epfircement of the CX junction belov the diaphragn (56), vras the most Í
.efl ective of the three procedures used to restore 4erstroe s ophneeal 
l

competence.Noneorthefiveanima].3testerll^¡ithcinefluoro¡¡ra¡lhy

sfroued eny r.vidence of reflux. 'I'he sphi.ncterjc pr.essures irnproved in

all six:utinsrls, p¿ìrticul¡rily in response to cornplessìon (T¿rbl e B, Fip;. 6).
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The Âllison procedure (44) carne out second best, with restoration of

competence in four of the six dogs, and improvement in meân sphinctc¡ic

pressure and s ton¡rch- t o-sphinc ter gradient vhich we¡e ncrt as nerked as in

the 'rmodified Bels eyrr group.

Belsey Repair Al1j. s on Ììepair

I4ean improvement in rest in6¡
St-Sph gradi ent

Mean i ¡nlrrovenrent in St-Sph
g?adient on compression

llean grad.ient difference

B.? ! z.B ?.52 ! t.o?

r9.g ! 3.53 ?.n : 2.4

1r.13 o.Zt

How did the nodified. Belsey procedure restore coüìpetence?

FirstÌ;¡, the Lower esophagu.s and the fundus of the stomach vere dissected

fro¡n surrounding structu¡es. Secondly, the GE junctíon vas replaced. below

the diaphragrn and held there by approrimation of the clrra, establishiæ-;

a relatively long intra-abdominal s egnent of esophagus. Lastly, the

gastric fundus r¡as t¡r¡aDped around the GE junction and l-or¡er 4 cns. of the

esophagus. Any one o¡ nore of these manoeuvres couÌd have pla¡'e¿ . n""t

in restoring coripetence.

The results fron the sham qroup indicate that separation of the

lower esophaÃus and the gas troe s ophageal junction f¡om the nei6hbouring

structures had no effect, either on éias troe s ophageal conpetence o¡ ôlì

s:¡hinci,eric pressures (tott,e tO, Fig. B). Oper¿ìtive trauna to the junei-

i cl¡Ì zone and its separation from suroundinl¡ stmctures can therelore

be exclu,ìed as a factor contributinq to con¡retence ¡fter nod.ified Ielsel/

and Àl I ison repnirs.

It vas cl"early demonstrated in the first part of this study thtt

the vagotornized CU sphjncber vorks betler j.n the abdornen than in
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the chest. Therefore, any repair vhich restø'es a thoracj.c LES to an

abdominal posì.tion should lead to an i.mprovement in its function. This

is well shom in the "Allisonrr group, where four of the sÍx anjraals

¡e¡:ained ¡ja.stroe sopha qeal competence, and mean intralunínal pressltres

itnproved. in all a¡imaLs. Iikevj.se, Teduction of the LES belov¡ the

diaphrag-.m r¿ould also be a sis¡ificant factor 1n irnprovin6¡ sphincteric

function in the nodified Selsev group.

It has already been shom that the diaphragmatic crura cont¡i-

bute to the lenrth of the hi¿¡h p?essure zone e't the GE junction, and

that removal of this influence shortens the hich pressure zor.e by 0.5 to

I cm. 3re¡mer (41) tra-s further shovn thât the crrlral con+,ribution to

the hi,qh pressur'e zone has no effect on GE sphinc+er function, slC the

findin¿is of the presont stud;r support that ohservation. Ápproxi¡¡ation

of the cllJra in the "Âllison'r SToup restored. the lenath of the GX

sphincter (faufe 7). Cruraf repair. then served only to retain the GE

junctíon below the diaohra¡gr both in the 'rAllj.sontr and in the "nodified
Belseyt'gï'oulìs.

the only difference betl¡een the Allison end the nodified iìelsey

repair was the fundic-'nrrap in the latter, vhich not only r.estored cnrnpe-

l;ence in aÌ} anj-mals, but also improved sphincter:'.c pressure a¡d its

response to cornpression. The resnonse of the LES to an increese in

intra{a.stric pressur:e seems to represent a Aenuine increase in tone.

It is an intrinsic pr()Derty of the sphincter itserlf, app,rrently

unaffected by locriti.on above or belov tho Ciaphrag,rn, which is probably

mediatecl b"r' the vn¡¡i (40, 66, 99). llow does the llelsey r.e¡rair rcstore

this response? 'lhere ls no evidence to suggest that the vagi re¡eneri,ted,

thus est.,blishing the nerve suoply t,o the LIIS. VaAaI regener¿¡tion shoul-d
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have had a uniforrn effeet, inproving the LES response to a rj.se in
intrngastric pressure in a.1)- groups. This did. not occur. ÂJ,so, ,rrgal

re¡eneration woul,d have taken nuch longer than 6_g weeks, which was the

tjne al.lowed between repairs ancl post_operative tests in this stutiv.

Holla¡der tests would have provirìed better evitience of vasal function,
but nere not camied out after the repairs.

Did the Selsey procedure prod.uce a flap vnlve at the GE junction?

This study indicetes that it did not, since mect¡anic¿l flan valve would

be expected to function resardLess of the position of the GE junction.
fn 0roup C, uhere funCic-urap vas pel'fo¡ned aro,.:ld a thor:-cj.cally_1oc¡ted.

GE junction, there was no iinprovement either in gas troes ophageaL conFe_

tence or in sÐhjncteric function. Also, if the firndic_r,rap served to
rrsqueeze" the jrmctionar zone nechanrcarly during abdoninal cornpression,

there should h,;ve been no lef:¡xation of the LiS in resnonse to swailowing.
rnspection of post-repaír nâ¡onetric recorrls shor,¡ed that the L!ìs rele¡ed
and cont¡acteC in response to svalLows, much like a norllal sphincter.

1,,/as it dovmv¿rd dispLacement of the GE junction vhÍch resto::ed

conl:etence? There is no doubt that fundic_wrap disohced the ûE junction

3-4 c¡ns. below the diaphragrn. ?his r¡as accornpanied by an inc¡ease ol
0.J to I cm. in the lenqth of the high pressure zone recorded at this
region (Table B). Ho!¡ever, it has alree.dy been est,rbrished th¡t the

lencth of the high pressure zone is not a significant factor in gasiro_

esoph'r-t-'a1 competence. It vould seen that dc,vnward displacenent of the

GÌl junctì-on inproves the intrinsjc fì¡nction of the J,l,F, gart,iculnril¡r
its reso¡nse to ¿ì rise in i.ntraEastric pressure, but it is hard to accert
that a ¡ne¡e chan¡e in position could. restore a neural reflex. Cofren (99)

has su",'{ested th¡Lt the resþonse to compression depend s upon the base-rine
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sphinctexic pressure, and that elevation of base-line pressure would.

improve this response. This obviously iloes not ¿nply to the vngoto_

mized LIS, whose resting (base-Iine) pressìrre inpmvetl both after
Allison repair and after modifierl Belsey repair, but whose response to 

:.i

conpression inproved only after the Latte¡. t.

ThepresenceofaringofgastricnusclearoundtheL.ESnay

íniNselfsuppo"tthejunctional.zone(bySuDportingitscontraction)

during a lise in intra-abdomj nal pressure. ft may be possible to show t
ìcontractile activity of the fundic-wrap itself, a¡d to determine its Í

relationship lrith LES activity by impÌantin* electrodes in the junc- 
j'

-'

tional zone and. the fundic-wrap. This was not done in the present 
¡,

study for technical reasons and fo¡ fear of interfering víth LES function. 
:

In sunn¿r1,, the ¡nodified Belsey repair testores cornpetence by .

improving the intrinsic function of the LES, both its restinÂ pressure

and its response to a rise in i ntra¡Jastric pressurê. Intrinsic 
.

function j ñìproves to some extent by relocation of the Ll;S belov the

diaphragn, and possibly also by further downvârd displacement. The :

.

Dresence of fund ic muscLe around the LFS may reinforce its contraction i
;th"ough an unknor¡n mechanism. .ìj
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The nost important nechanism responsible for maintena¡ce of

ss"s troesophageal competence is the intrinsic activity of the lower

esophageaf sphincter. !/hen intragastric pressure rises, actj"ve contrac-

tion of the LES increasês its intraluminal pressure and prevents gâstro-

esophageal reflux. The fact that vagotony decreases this response

indicates its neural nâturê throug¡ a reflex arc mediated. by the vagus.

Vhen the vagotonized louer esophaqeal sphincter is displaced

into the chest, its base-line pressÌrre dec¡eases further. lhis pheno-

nenon, couplèd with a poo¡ tesponse to cornpression, leads to gastro-

esopbageal reflux. This ca¡ine uodel was used to s tu.alir the mechenisns

which ¡estore conpetence after noCified Belsey and Allison Drocedules.

The Belsey procedure was effective in Ìestorin€i ga stroe sopha,geal

conpetence in all animals. Tt improved tbe base-Li¡e LES pressure by

bringlng it down below the diaphragn. The improvernent in its intrinsic

response to compression, however, is not cl,early und-erstood.. There is

evidence to indicate that the Belsey repair d.id not prod.uce a rnechanjcal

flap-valve, or fead to regene¡ation of vagi. The ¡nost likely nechanisrns

which irnproved. the LES response to compresslon vere fírstl¡¡, displacement

of the sphincter to a nore inferior location in the abdonen, end secondly,

the presence of fundic ¡nuscle a¡ound the GE junction to reinforce its

cont¡action.

The phrenoe sophageal li6anent d.id not play a signjficant role

in ra stroes opharea 1 conrpetence, aJ.though division of the I igarnent allowed

abnormal mobilitv to the GE junction, which at times led to he¡niirti.on

of the entire stornach into the chest with a fa.tal outcone.

The diaphra¿çm contributed to the leneth of the high pressrure

zone reco¡ded at the GE junction, but did not contribute to çU competence
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Thoracic displacenent of the CE Junction decreased. the length of the

high pressure zone, while abdominal replacenent restored it.

Í
:j
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Yagotorny et the GE junction and d.ísp).acenent of the junctionar
zone above the dia.phragn producerl a ¡nod.el of gastroesophaeeal incompe_

tence. Vaqoto¡nv decreased base_1ine (restin,q) LES pressures, and sir,¡ifi_
cantly reduced its response to an increase in intra.qastric pressure.
Thoracic displacenent further Louered. base_Iine pressures of the vagot_
onized Lns, and gas troes ophe 6¡ear ¡eflux was denonstrâted. in srr the zl
ani¡ra1s studied. Despite dernonstrable GE incompetence, none of the

eninals showed any evidence of esophagitis. The animals ¡¡ith an incornpe_

tent IÌiS were treated r¡ith AtLison a¡d nod.ified Belsey procedures to
elucidate the ¡nechanis¡rs whj"ch restore conpetence.

ft vas demonstrated that the phrenoes ophageal Ligament, the
diaphragraatic crura, and othe¡ su¡¡ounding structures plêyed no part in
restoring GE conpetence. The crura did. add length to the high prêssute

zone recorded at the GE junction, but d"id not affect competence. Reloca_

tion of the LgS belov the díaphragm, âs done in the Allison procedure,

imp¡oved the base-Ìine pressu?e in the LES but dirl not improve íts
lesDonsè to abdominal conpression. The inprovenent in this g¡cup was

not enough to ¡estore competence in all animals. This observation is
conoatible with ¡esults of the Allison re.pâil: in human bein,rs, whe¡e it
restored GE co¡rìeetence in only J0_60 per cent of the patients (94).

Thè modified Belsey repair proved to be the most effective
orocedu¡e in restoring cE competence. rt conbined the advarrta,ges of

'a restoration of the LES to a subdi aphragmat ic oosition, and a fimdic_
wrapr vhictr placed the l,ES further down in the abdornen and probably also
reinfo¡ced the LlìS contr¿rction d.u¡inA ¿bdoninaì. compression. Tho funcìic_

}',"rap was ineffective vhen perforned eround. an intratho¡acic GE junction,

and therefore probably riid not &ct as a necha¡ical flap valve.

!j
:ì
:]

i
:
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On the b¿rsis of this study, a modified Belsey procetiure can be

reconmendeal as the nethod of choice ove? en Allison repair for restoring

gast roes ophaøeel conoetence in huma¡ beings.
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Table 13

IntraluninaÌ P¡essures in Cms. of 'l,trater, Group Â, Controls
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Table l-!

Intralurdnal Pressures in Cn. of ÏJater, Group A, after Vagotony
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Table 15

Intralu,'ninal Pressures in Cm. of Water, Group A,
after Thoracic Displacenlelìt of LiÌS
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Table 16

Intraluminaf Pressures in Cm. of trlater, Group A, after Allison Repair
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Intralu¡ninal P¡essures in C¡n. of lfater, Group B, Controls
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Intral,uminal- Pressures in Cm. of l,later, Group B, after Vagotony
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Intralumjnal Pressures in Cn. of hlater, Group B, after Thoracic Displacement of LES

Resting Compressíon
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Table 20 98

Int¡aluninal Pressures in Cm. of Water, Group B,
after Fundi c-tr"lrap (Modified Belsey Repair)
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lable 21

Intralur¡rina1 Pressures in Cn. of Uater, Group C, Controls
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Intrahun-inal Pressures ín Cn. of llater, Group C, after Vagotony
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Table 23

Intraluninal Pregsures in Cm. of lfater, Group C,
after Thoracic Displacenent of L.llS

l0t

tr
4)

-o
Ea
oÕ

Resting Compression
c.)()

rrCcoJ,CO3.Q..-i q)
ú? 'C ..r
tdq-.{r ¡r .-l

ø) (-l Ê

o
q
o

U)

t¡)

o
c.-t
Èa

tl
bo
(ú

p.
o
Ø

Êt

.q o)q 'rl(,lri
lcd

+rÈ(/)(J

(ú

{J
U)

¡i
0)

o
'-l
À

U)

o
õ¡
dE
Èo
t!)
l¡¡

!o)/'¡û) 15
l!d

ttr(/J <-l

l+

)Q

.)?

28

I

8.0
8.0

14.0

10.o
6.0
6"0
4.0

11.0
8.0
5.0
6"0

o.u
6"o
8.0
6.0

5"0

3.o

lo. o
10.0

i.>
8.0

30.0
3L.o
20"0

19,0
10.0
14.0

17.0
14,0
8.0

1l+.0

L8.0
18.0
))n
20.0

10. o
lo.0
12,O
15.0

''¡ o /ì
19. B
)1 )
13 "5

0.0
+3.O
0.0

+3.0
+2.o

-o.5

0.0
-2.O

-1.0

+1. O

0.0
_ln
0"0

+1"0
+1.0

12.O

+f.o
+0. 5

¿o.u
ó.0

orì
)^
8"0
8.0

6"0
b"u
3.O
8.0

12.0
12.0
14.0
16. o

3"o
5.O

10. o
12.o

9.0
9.8

13 "7

2l+"Q
21.0
28.O

r7.o

12.0
13.0

2l¡.o
2l+"C
20.o
19.0

15" o
17. O

20.0
ló.0

14"0
l,l-.0
1l_.0
14.0

)) ('l

2L.O
t'l .5
16"'

l+2.o
32.O
')6.o

22"O
r-8.0
.LO. U

l-8.0

26.o
26.a
2t+.o
22.0

22.O
3It.0
38.0

18.0
).> 

^6.0
16.0

26.o
26.3
32.o

+2.O
+3.O
0.0

+3.O
+3.0
+Ì.0
-n<

+4. o
+2.O
+Ì. o
+1. 0

+2.C
-r? ¡l

+2.0
+2-.O
+f" o
+3 .0

+2.0

18.0
it.0
8.0

6,o
À,(-)
5"O

2"4

4.0
3.0

7.O

18.O
6,o

À.0
l-l_.0

L.0
a')

r5.0
]Cr.8

-/r . o
-r5"a

2"4

-1,. C

4.0
-4.0
_?ô

-t .0
-L"A
1.0

-5"0

-5.O
5.0
i+. O

-10.0

].0
ó.0

-15. o
-10. o

-5.o
_"1 \



.Tab1e 24

Intraluminal Pressures i¡r Cn. of lfater, Group C,
after Belsey Repair in the Chest
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Table 25

Intraluminal Pressures in Cn. of ÏJater, Group D, Controls
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lntraluminal Pressures in Cm. of l,'Iater, Croup D, after Vagotomy
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Intraluminal Pressures in Cm. of tr^later, Group D,
after Thoracic DisplacemenL of LES
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Tabte 28

Intraluminal Pressures in Cm. of VJater, Grorrp D, after Sham Repaì.r
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Mean Intralur¡inal Pressure in Cms. of l{ater, Group A
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l{ean Intraluninal Pressure in Cms. of I'later, Group B
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Mean Intralu¡ninal Pnessures in Cms. of l{ater, Croup D
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Table 33

Mean Length o1' the HÍgtr Pressure Zone in Cms., Control¡
after Vagotomy, after Thoracic Displacement of the

GE Junction, and after Repair in 2/+ Dogs
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Figuze 70. Resting p¡essu.re ptofiTe of the canine gastroesophageal junction tecotded bi thtee
tuÞes. McP = Mean castric Pxessure, MSP = Mean Sphincter Pressure, MEP = Mean Esophageaj
Presssute, PRR = Point of RespiIatorg ReversaT.
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