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rho nerdy of the ftrnctlon of tbs alJ.nentar¡r tract rras partfoul.srry
l"ntense dr¡rång the early yee,rs of this csnturrr. lhe ¡r*¡mes of Berylåss,
star'kLng¡ Can¡lon a¡¡d. Pavlov fÍrst bscæe faniråa¡ Ln co¡ræotion o.åtb

thsfr sù¡clies of 6astro-íntestlnål pb¡rsioro6y. l[]n¡s in the ftrEt tws
il'ocadss of thle oentur¡r uaJor advancEs wEre ¡¡ads f.n ure und"erstand.ång

sf l'ntestLnel notor functfon, gastric secrÐtion anil the l¡fluencs of th6
poyohe oa tl¿e fr¡nctåons of the crigestive trect.

Horever, a cbarlge ån reses.rch latorests followeè upon Einthovenf g

d'isoove4y of the str:f-ng galvanorneter ard, the appalca¿1on to neilieíye of
the pl{rstcal prfncåples of, gases ant flutds by Halilano, Barcroft nrd,

Starl.in6. Fhysiologlstg te!üled. to ¡¡eltqtríoh ttre gut tc tåe sujrgêoæ,e

a¡rl. to concontnate tbeLr efforts on the probleros of oa¡dåology,
respt'ratorlr' functåos anril netabollsü. This conseguently left gastro-
enterologr one of the least dl.evelopedl. epeoialtles fn ¡¡eilioíne r ard
ltttle ren knosred'ge of a fundtanental notr¡ro wês acquired for nrxtr¡r yes.trsr

Ifonover, as sår Thones rewås has rer.arkeil, the ¡aoet backwa¡d.

subJect 1s the one r.ead¡r for the nost rapåil ad.vance. rn recent years,
Sastro-enterologr has aoquirecl. a rn¡nbsr of va-1uable toohníquer which
hsve stL¡rulateil renowod. iate¡est ar¡d. eeoeleratecl progress Ln grLe

fíerð. 
^A' near.tJr of fnfo:øeü.on is belrrg proviêecl by ra.d,lo-isotopes,

transÍsto¡d,eeð telenetering equiBment for nanouetrio atuilies, x_ray
lruage intensifieatåon, lnstrîaents for the bíopsy of the river anil
gastro-f'ntestinq-1 r8ucos&, the eleet¡ron nLcroscope, hlstocheslcal ¡uethods
and. enøyne assa$ñt.

I
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Ihô Pri"ne ftrnotLons of the gastro-intestinrü. tract are rlf.gestion

and' aboorytåon. Those procsosec a:ne wbotly d.operrlent on thE soorotion

of dligootåvo JuLces and, on thç nixf.ng, êtstribution, tranrport a¡d,

storage of fnteEtÍnal contEntc. The motor actåvity or notilLty of the

dttneutary tract is responsíble for nlxirg, d.istrl,bution, transporü qrd.

store6e a¡:d, ts thus a vLtal part of gastro-intestina^l fuaafi.on.

Ílho mot*'ltty of, the boweL d,esefi¡es ca¡sf\¡l sürdy becar¡se of the

eesentíêl part 1t pleye in tlre over-all fr¡notion of the grrt. Knonled,ge

nay be gafuæil' of the behaviour of snooth muscle, of the integrati.on ar¡l

eoorili.natÍon of intestina,l motor activtty by noural anil hur¿oral neans,

erd' of the rols of si¡betanceg suoh as acotylcholine a¡cl serotonin ln
the cont¡:ol of no¡¡lal motl"lf.ty. Furtbs¡more, abereaä.ons in nottlity
sJre encountered. ln na^rçr clinic¿l cll.so¡d,ers¡ t,}¡ese LasLud,e car.cl,iospase¡

abiloninal F¡illnr oonstlp*tl,on ard. dl,åaÐrhoea rithout d,snonstrable organlc

oa¡¡se (ttfn-lts,b1e colonn s¡d.rone); ðåa.ræhosa ard. poat-pra¡illa1

cllstress f o3.lowing gastr{.c operations, je juno-lle aL fu¡eufflciency;

uloerativo colLti¡; congenLta.L a¡rd. acqulreô negacoron; carcínoLct

tunour with Ì5pørserotoninaenl.e¡ tb¡rrolð d.Lco¡ìLers¡ a^nd cl,l"aboteg

nellitus.

I-ael i.uege lntens*fi c at íon, transistorLsocl. tele¡neterlng equiprnent

andl eLectmnio inprovcrnentg Ln transth¡oor design bave prov-ldeil

teohniguoe $hich a¡¡e not:e aocuratE enit pþsiologfcal than thoso usei¡ in
the Bast. The appllcation of thsse nð?r tecbnlques to tha ofusr of
notflf.ty has elread¡r reeultedt J.n the aoquisåtlon of nes knowl.ed.ge, a.ncl



l

Lt ls to be hopedl that f¡¡rther progross ¡riLl dlJ.spel the ignoranco

*¡ioh stlLl a.ttaohes to narryr as¡rects of ü¡ls lngortant part of
al.LnentarXr funotl.on.

,
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llhs notor aotlvity of tJ¡o bunan intastl.r¡o Ln hoalth and. iliseass
has been inrestigeted. by e rn,nber of, technLguee (Ftguro 1 ). those

andl the ¡esults they bate pnovlcledl rrtll be revLewecL in thls ohaptor

unilor the fojllorlng hea¡lngs:

1. BaLLoon Str¡d.ies¡ i.ntroôuctton

(") sua.U. borel

(b ) la.:cge bowet

2. Catl¡et€¡ Studies

(u) süatl bowel

(¡) J.a¡go bowel

,. Oastro-l.ntesttnal rad,l.otel,eneterf"ng

¡r- Raåiolo$r

5, Electron¡ro6raplry

6. l&tgcelLaneor¡s

7. Comnenta.r¡r

BalLson Stud.ies¡ IntËcèuetion

As ea,rþ æ 1Í369, rregros ard. OnLuus use¿ balloone to rreco¡d

fluctuations 1n inteetlnêI pressure Ln anl,¡¡a1s. They d.eset¿be¿ th¡re
t¡pes of notor aotlvity: per{.sta1oLs, entipenlsta.lsås ard. stationnrXr

cont¡actíoßr qrd, notecl that-¡aotor activity was nore marked. in the

snall bowel tha¡¡ Ln the le,rge bowel. von pfungeu l.n 1g&z fi¡st ussi!.

the beS.roon methoct to etr*{y gastric contractåons in }¡¡¡&aÐs.

For thE noxt þO years tbe bal.Ioon re¡le{nedl. the chief nothofl f,o¡.

record.Írg Lntestina,l pressu¡ec, arrl mucb of our basfc knowJ.eitge of

I
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Í-i
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notlltty bas besn gal"ned. through Lte uso. However, it graåualJ.y

beca¡¡o apparent tbat the bal.Lson oyoten had. considlerable pl¡rsioal e1¡t

plrysiotogfcat cllsadtvantagoo. fhese d.Lsa¿vantagee have been extensively

clLscusseÉl by Quigley anå Br.orly, 1g5oe 1g5zi coile, lfightower ard,

Morlock, 1952i rrd. Chsu,ûha,ry anð fn¡e1ovo , 1961a. BaL].oons Ln the

al'fueentar¡r tra.ct as foreLgn boÈteg and, lntttate ruotor activtty
by ôlrect stiriuletion of the LntestineL mucosa. ff suffieíently Iarge,

ball"oons nay l"nterfere wlth pnopulsåon of the contents of tbe bo¡rol. ard.

thrrs car¡se lnteetLna-l obstn¡ctLon In both lnEtances, ird;raedl rathen

tåan spontaneous notilf.ty rrtll" be ¡econileil.

8quaL1y fmportont a:¡a the pþsical charactonistics of the bslloons

tho pnesoure reglsterecl. fron a J.argo balloon reprosents tho a1gebraLo

eun of all tirs pr€ssules exertedl on Lts surfaco rEther than the

presEure at ar¡y ona partlcular sl,ten

Apart f¡on the eise of e ba.lloon, f.to shape enè ðegrse of fü.Lllng

as wÞ1l as the outflow resista¡¡ce Ln the conneotång tubíng, f¡trIuence

tlre aocuracy of reoord;ing. tr'inal-Ly, t}¡e volu¡qe-pressuxe ooeffioient

of the eyaten, tåat is, the ûegree of cl.isplacenent of the corduog.rg

uedlit¡n nsecled. to rdLrivor tbe nanoneter to reglster ons unit of pr€ssure

urlll d.eternins the ran6e anil ge¡rsitirrity of the record,J.ng apparaürs.

3he pressure rave petterns fron the boweL watre nentioreit in puroly

dlescrdptLve te¡¡rs untlI feroploton a¡d. L¡anson (l%t ) ftrst cLaselfLedl the

Eêves of the ilogrs colon lnto t¡pes I, II ard sto¡n¡s changestr. rhig

olassifLoation was adapteð by .åilrer, Atlc.nson anrl rrry (t9¿¡t ) for the

. r-).1-4-74æ!1-.
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stuðy of coLonlc notlllty ln man, the wares bein6 refe¡rerl to es t¡ryoe

rr rx anil xrr respeotr.very" r¡ater pooey, Dea,rrng¡ sa.or, Bargen anô

ood'e (19tß) used' thLs nonenolature J.n sb¡d,l.es of thE notlllty of tr¡e

snalL LntestlrÞ.

fhe appearancer anpLftud.e a¡d. duretion of a pressure r¡ave e,re ths
o¡d'teria rhLch have been use¿ to assfgn it to a particuJ.ar catogorxr.

Hhetber they oceur: ln the s¡s411 or Ltrrge bowel, type r rra.veÊ. ane sf.upl"e

a,rd" noræphasic. rn üre snau bowel thefr eqFritu{e ig from j to }0 cn.
of, wate¡r a¡rit ttrel¡' cruratr.on flon 2.6 to 7.j secod.e (Foutt, codo,

Morloek onil Bs¡geat 19i4)t the corres¡ronf,tng ffgures for Lhe ooroa

beång lesg than 1o cc¡. of nater ad 5 ta 12 seoord.s (spriggs, coile,

Ba,ngon¡ Cr¡rb1¡s erd. Ili€hto!Ísr, 1951).

[þpe xr $a.ves a¡e aleo usuell¡r afuip1o but of a greater æpltürðe
tlrs'n waves of ty¡pe I. rn the s¡nal,l bo$eL they have not boen recogaieed,

by sorco çorkers (Fo¡''rk et aril, 1g5!ù, although others have n*porte¿

tbElr duratLon es 50 to 9o geco¡ris. (posey et arri, r94g). rn the

oolon t'hoy are conrtron, rastf.ng fron iz to 6o secord.s anil reachrng

ar¡tJ,åtuåes of up to 5O .'¡ of sater (Sp*fggs et alf.f., 1951).

lhe dlstingufshlng feaù¡ro of t¡rye rrr saves Ls a rto¡are cha.,geu

or l.nc¡rease Ln baserf.ræ prossunei upon thf.s wavee of t¡pe r fìüd, rr
are erperLroposed' [he eLuratlon of the torus chango ney rrango fron a
few seooDd's to mia¡teg and[ tbe anp].1tud,o fron less tha,n iO en. of water

Ln the coLon to 5O or Ip oar.. of ¡rater l¡r the snaLl bonel (Gocle,

Hlghtoaar a¡d" ldorlocå., 1g5Z).

In ad'ðition to the ttrree t¡pes of v¡aves whfch eor¡¡tLtr¡te the
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trets^t}ûa¡d' noner¿clature* tJæ" IY raves, pæsunably peculiar to ul"cera*ive

oolitis, heve been clsscribea in notillty trractngs botb fìron the sua11

bowal (Co¿e, &ogers, Seh1ego1, Hi8htower n¡il Ba.rgena 1g157) an¿ the largo
borel (Kern, Arny, .abbot and. Bogdonoffr 1g51). They rlll be fi¡¡*ber
dll¡cusseil in co',,æctfon rith stuðies of notility in tlris ilises,se
(sectlons 1a anû 1þ of thJ.s Chapter).

ánonget those ¡vorkers wbo stl-Ll conf,ola to the etârd.arrt nomenclature

(lçjt *d Ba¡¡be¡o , 1g6t) nost hgrre ad.ctecl, üreir ow¡r nodlficatiorsr Fnil ths
erc.terfa for Lncludirrg s, rave in a partigrrlar cate6ory are råd.ely

tllvergentn fbe d.ifferentíatÍon betmeen s&ves of t¡rpee I an¿ rI on the
basLs of the supposedly greater a'nplitarde of the latter, has been

largely abarilorecL. In YÍew of the fnacouracy irherent in rocorriting

anplltud.e Fltb balloons, thf,s neasure is probably justl*lea (oanLet,

Sutherlar-d and, Bogoch, 1g5g).

Balloons stil1 contirue to be usecl fn gtr¡clies of gastrointestinal
notS'llty. Yfith the urd.erstarvling of the pllysical princlples irwolyecl
cæe technical inpr-ovements lead.iqg to better equipnent anit greater
sccurecy. conræll (tgsg r 1961s, b) enploylng n1¡rlature balloons
neasurlng 1o x 7 mn., obtained, goocl reco¡ris of colonic notility. ge

shosedl that vårtr¿a]"ly iilenticar tracings resultecl wben nlnÍaü¡r,e balloons
ard' open end'ed' catheters ¡ecortled. si.uultareousJ.y fìnon üre seme segnent of
tbe large bovel, ard. ¡¡ad.E a plea. for retaíning rniniature balloons as a
va].uable arxl inexpensfve tool in resea"rch. Nevertheless, nost workers
agree with cha¡lðha:ïr a-d tn¡el0ve ( 1g618) that neither the ba1100n
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nater na¡un¡eter nor the bnlloon optlcal, manometer dtevice oe^n proûuce

resulte aeeu¡ate ercuglr to nerLt quarrtitatlve analyeis.

la. Bal.Loon Stu4i.ge of the. &¡a11 BovoÅ

Studl.les of tho rnotå.llty of the sna"l]. LntestLne Ln nan by neano of

ba].].oon^s e¡e of co'Iparativel.y reoent ordgiru fngeUi¡ìger a¡d. Sfoss

(lgt 5) sûråíed. two petients wåth Jejunodleal lnguffícåently; 016 wåtb

tropået} sprrue enrd the other rnitb ldiopathic steatorrhooa. In both

patíente the orrly opontaræoua activity ¡ra"s of the nexrall saver tJæe,

cortresporrlit:,9 to ty¡re I of the staJrd.a¡{. nonenclat¡¡re. }lo epontaneous

nraræ w&veso were seen, but l.a spf.te of thf-o, tra^nsport of the balleon

alo¡¡g tlre 6ut tra.s ¡eportecl to heve been onty rllglrtly sloner tha¡ in
norma.l eubjects.

Ingelflnger a,d. Uoss (1943) ¿so tested. tbe effect of var:ious dÞru6s

on the lntestinq.l notAliþ of thoår patients wåtb sprtre, evrl fourd, that

although acetyl beta uet\¡rlcholirp (ileaholy1) ceusod. a tenporaxXr ret¡.rrn

to no¡mar süau. boveL ectivJ.ty¡ hcctigntre had. only a e1t6bt effect.

Both of theso cbugs stf-tl¡Late st¡x¡ctures innervated. by choLf.ærgfc

re¡res, so that rn:mal3-y the nottltty of tbe gut ie ebhsnceð. Fron

thås they infe¡rsd. that in spru6 there was êR ínabfllt¡r of, the lnteetinÞl

ar¡tononíc nervcua systen to liberate acet¡rlcholLæ. lhey further stated.

tået although treatme¡¡t with a mu1tl-rrltanln preparation effeoted, no

change 1n notllit¡rr tlre qdnLnLstration of liver extroct parenterall¡r

causeð the retr¡¡rn of ttlerge wavesr. Hovrever, it ls cloubtful that tlre
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¡elatl"onshtp between tre¿tment ¡rittr the Llver extract ar¡it tl¡e retu¡rr of
no¡mal borrel nottLLþ Fas a eauaa"l one. Furbhe¡r¡lore, ilie ar¡thors useil

oaly otæ balloon and' nade no guentitatLve a.nelyeis of the rocord.o they
obtafuærl.

Chapnan a¡¡ct PaLazzç (lglng) were the first to atten¡rt a eo¡rplation
of lntnalunina-l preesu:îe tractngs rd.th rad.lologlcal1y obeerr¡edl notf.låty.
llhey used. a four-lu¡¡en tr¡be witb tr¡o b4lloons ln the cl¡¡oåe¡r¡m ¡,nd. two

balLoor¡s l"n the upper iloun to re6ister p¡¡essune ohsnges, fbey also

atteripted. to obtal'n a r¡¡mesical est&oate of notillty by pole.r plan{petrXr

of tbe surface a¡ea beræetb the trayes.
' Oha¡man a¡rd. PaLazza (lgl+g) d.escrj-beil tb¡ee lcird.s of wave patterne:

(") a ron-prop'J.sÍve patte¡rÊ of repeatecl slngle 
'?eves

(typ" I of prevlous authors)

(¡) propulsi.ve tall oo'ripr"ex wavee rasting no¡e $ren Z

mir¡¿tes (proba,bly t¡rpe fII of previous antbors )
(") rspesnso, cleflnedl as besell.ne e],evattor¿s rnith supo¡r.-

f"u¡rosect freguent snalr contractions. Tbe du¡ation

anil anplf.tude of these spesqs sere not stated..

rn ,r5 obse¡vations on J subjects, bal.loon sæography s¡d fruoro-
ScopÏ were. oonbined'. ffore¡ner¡t of the baritr¡n eontrast med.lt¡m wag

ræarly al'wayo assool.ated. rrith a hlgh sustalr€d. wave thou6b occasionallyr

no no?enent oceurrecl. However, these nhLgb, sustaÍædt Eavegtr we¡ne rpt
ðescrdbed ln dletå.iI and, the read.er Ls left Ln d.or¡bt as to thol¡

Spogeraphic E)$ea"rEDcê. Furthersotre, none of the so-cBr-lod. rpropulslve

taresrt rith a cluratLo¡r of mo¡re than 2 nÍ:n¡tes ocou¡æd cturlng fluoroscopy,

F7Ê"'atrTr-äy'ì:'r'riÞaryr!ç'*!+1**'Trv"rrEara,wirr-=qãrllqFä411F*ra¡E{grE
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enil t]srs theLr clesignatlon &s propulel.ro lacks ra.d.iol.ogtoar oodl_¡¡nstfon,
PoLa'r planfuetry of two to fcu¡r traclngs ned.e sfmultaneouoly frø

the upper snall bowEl ¡vae also used. by chapna^n ar:d. his co-y¡or.kers fa a
n¡nber of Late¡r lnvestlgatl"ons, ¡aogt of rrhlch trere ooncerned. with the
actlon of tHfferent ctrugs ard, plaeebos on rnotüfd¡r.

Ín 19Ea chapran, ìowJ-ands, Tayr.or and, Jo¡æs fourd. that pl"acebos

dleoreasec' botb propnlelve and. total sEall bowel motllity, aLtirough the
effect dlld' not qppear for rÉ to zra mi¡n¡tEs. rt ts poscr.br"e that the
eere presence of the baL100n systen in thE intestlne nl6ht have

aocounted' for thLs dlec¡pase ln activity, as no control 6roup was stu¿ied.n

Rowle¡d.s, chapraan, Tayror ard. Jo¡res (rg¡oa) studjed, the effeot of
anprotroprræ (syr*.ropan) and. adiphe¡rire (Trasenttn) tn no¡øal persons
ard. sero unable to d.emonstrate aqr effect on notllity. Both of these
drugs tnhlb¿t etr?ct;r.lres irnenrated. by postlgarrg.t Lorrtc chollnergåc
nÊrees. [lrey arso showÞi! that norphr.æ d"ecreased. propur.glvo

oontractlons a¡d, ca'sec! the appearance of repeated. cud.d.en spasns of g
to 6o ni¡n¡tesr cturation (noyrra¡¿s, chapnan, faylor arul Jor¡es, r95fr).
lhis effect of norlthine has been oor*l¡rseð by na4lr norkors, amonget them
Ândrer (lgSk{-) ln -åustralLa. Placebo aLso oarrsed. spasns but these se¡ls
of shorter rluratlon (&onland,s et aIti, 195fb).

h¡rtheæore, chapaan, F:renoh, Hoffhan cnd Jones (lggz).ele¡sonst¡atedl

that ¡nethantbeLire (aantrriræ ) ar¿ atropine whfch bloek the efreats of
acetyrchol"åno redr¡cEcl proBulsrve arit non*propulsr.ve notfrity. Again,
placebos had. tbe sene effect but to a resser e¡tent. rhe vaLidfty
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of these sttid[ies can be gtrestionedl becausa of the posslble i,nfluence

of the record.ing ecluipnent ítself on notill.ty, anê becar¡se of the laclc

of a control group or phasa in the various pharrnacologleal experj-nents*

itleverbhelessr guanti,tative ard. objectåve neasureneatg are Ê, prre-

requisite for st*tistLoal analysis, and. their introåuction by 6rapns,n

atri. his collee6ues constib¡tod. a sigrri"flcant a.d.vance åa the fleld. of

motilJ.ty,

l¡ourk et alit (tgSü used. eiragte barloons ín e stud¡, of 21 no¡nar

cnrbJeets, ! patåonts lrltb duo¡ienal uloer end.5 patients ¡n.ith uleerative

oolitis, They founrt þt¡at 75 b Bqlr of, a}]. r¡aves belor4ged. to erpe I,
Tho reet of the r¡ayes çero crassified. as t¡pe rrr wavesr erd tJ¡ees

se¡^e reûuceê in the patients Eith ulcerative colítås.

T¡r¡re rv weves rere first clescråbed. in tracirgs fron the s&ü,ll

bowol by cocte et a1Lå (lgEz). These investlgators int¡þduced,

tar¡de¡o balloons through the íleal stomað of tno patients witlr
ulceratlve colitis. Tho ty¡re rv E&ve was d,escd"bed. as beg:ïnnirlg

as a typo fII wave, but bein6 d.iotinguíshed. fron ít because it had.

m ruperimpooed. t¡pe r contractions. The anplitr¡d"e of t¡re rv.*

Eeves was between 27 aJtil ]o cn. of yrater ar¡l the èuration was epprox-

{:rately 6o second.s. [¡pe flr nrwea accouated. for 6 to 1S of aI] notor
actlvity" The tSpe IV wave was more fr.equent af,ter a neel and. aÍ'ter
hostlgnriæ, but sas abollshed. by norphine and. atropine. rt was

consid.ered propulsåve though not sorery responsiblo for prupulefon
lÌoweveðr t¡pe fV F¡avÊg have beon consirlered. by some workers to be a¡te-

.3f qgF!ü!!?ltftr,. :"iwFap.p.-¡!ræq-* +T-.wrl:wÆÊa_-rìr:.41 1-?.r.q
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fe.cte (Oarrfef et alii, 1959) althougb they.have been rooognLeed in later

rork utllisin¡g open erd.edl catheters (Davtason, S1.elsen€ier, Ai-ny ard,

l,evine , 1iJ6ag Gheiud.bary ard. 3¡r¡eLove, 196I¡).

A ¡c$ber af stt¿d,åes y¡ith balLoons have been nad.e rith the pur¡rose

of correlating the absorption of varåous test substances with *ùe rlegrce

of ¡uotor activlþ of the smel1 bosal. Gl¡nni.ns orrd' .Af.ny (lg|il shovreð

tbai the absorjtion of glucose antl ¡aetlrl,onfne was on?¡anceð by stÍruula*1ng

the e¡rûaJ.l" ggt wi-th ptr¡rsostlgm5.re, a^rd. függfns, Coêe and.Orrnis (lgS6)

clemonstrateð that the absorption of ]abeLleil soðlum ad. labelled. ¡yater

waa lnpai-red. by d.ecres,slng raotillty wlth db:tigs, Ia both of theee

aû¡&las tbe sane balloon that sas used to occLude tho sma-l1 bor¡e1 wae

ueod to reco¡ü, its notL1tty, a^nd, tt ts questfonablo vrhether an aecurete

¡¡ocord. sf notility ean be gairrerl rith thås technÍque.

Balloons have aleo baen useô to rrnsess the effeot of zurge:y on tho

ar¡tononqio tÞryous syoten. BÍnghan¡ Ingel"finger s^rd Smitl¡rtck (lyEO)

fourd. a recluetíon in tbe froquency of prapulsive waves ln 1J of 1!

patlents sü¡dieð J nonths a,fter s¡mpatbecton¡r. I{owever, when for¡r of

tho patients ssre stru€líed. egatn at a longer Lrterval e.f,ter tho operatf"on,

they all had. a leveL of notlll.ty nhich was gneater than that obeerreð

before surget¡r. tho authors oonclurlod. that pr.e-gangllonio syrnpathectomy

ras not follorreil by a Lasting alteratåon in bswel notiLity, arul they

consLd.ererl that tho decr.ease tn notiLity fourd, ån tbe early post-

o¡raratåve peråod. n'as not necesse,ri.Iy reLatoil. to the s¡mpathoctony becauso

a si-nlla¡ clecrease ses obsoyveil follo¡ring other abclomir¡aL operatf.ons,
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Roth eid, Beaes (lgsg) rounil that vagotony clidl rot signifÍcantly

af;ßsct g¡n*Il bowaL motilLty, tlrough Fqves of t¡pe rI sere reeluceil i¡r

f¡¡nber,

Other gtucl'l'es ín *ich balloo¡rs weæe useð are those of Helra, Kname¡.,

lfcDonalct ard. Ingelfír'ger (lp¿O) and. Bactrrach, Br.od¡. arx] Dn¿1y Ug5't).

Ilol¡n a¡d. hLs assocl"atss (tyæ) obse¡fvedl tbat spontaneoug sleep was

foLlowoil' by a cl'ear-cut reituction of nottlity 1n 12 af the 16 persons

Eü¡c[ied'' Tho ehange occu¡redl I to 5 nfun¡tes a,f,ter ths onset of sleep

and on avrakenJ.ng a grad.uaL ret¡¡rn to ectivity took place.

Bachrach et aIåi (lgsl) a¡r,r Bactrraoh, Bomenn Halstecl., sehapiro,

Hol¡nstrBü ard' hltce (lgEü ¿osordboal a :reco¡rlln8 eysteu in wt¡ich te¡il.e¿r

baLloone n-eFe oon¡reeteil to prassure trar¡silucers. Otber methotlologacel

¡tuùioa are those of Eightower, codlo and. }fatrer (1gbg) a¡¿ .ê.rd¡ew (ig5JÈ).

1b.

Innergr sh¡&ios of the rootiltty of the 1a¡ge bo¡rel, ba'tloone havo

been usscl' to compleuent ôirect obseryation (efn¡r, Kern a¡:il X\¡Iin, 1gt+9s;

.AJiny, Hinkle, Berle and, Kern, 1gt+gb; Berer a¡d. poloræW, lgDO; ffener,

Horton anå PoLoaslç{, 1g5z). Ad1etrr.Àt}<c.noon a¡ll rqr (1gt+1) ¡rene tbo

flrst to nake a eyateoatic stud.¡r of tbe motor activiþ of tbe ht¡man

colon. lhey uoett balloons con¡:octeil to a ¡rater m¿r¡oneter ard., ad.oBting

ths noaenel'ature of ÍfelapLeton and, !,¿¡rson (tgll) separatecl the ravos Lnto

ty¡rea I, rr ad. rrr. lhefr irritial peper Ìy¿a conceræd. with the
pettorns of notlJ.å*y during fasttng and. a.fter ¡neals, In subsequent

nort (ÀAten, Atldnson and. ]:W, 1gl&; å,tl<ånson, .Aåler andl Iry, 1gi+t)
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they lnveetiSated the eotlon of varlous clnrgs sueh as posterÍor pttuåto*y

extract, pr"ostfgnår¡e a¡rd. ergot, ar¡l intzaðuooô tho concept of d¡i'skineefa

of tbe oolon. þslcines{a or ct¡rss¡morgie was cLefi¡æcl as inoo-orrüånated.

aotivlty of adjof,ning colonio eognents. AùLer a¡d. his colleagues

(mfer et all.{, 19ü¡1 t 19æ) postuLated. tbat no propulsion of gut contents

wouLd. reEult åf one segnent of the boçeL exld.bÍtei¡. propulsive actJ.vlty

at the tl¡ne shen ítE dlístal. neåghbour was in a ststs of non-propulstvo

activlty or fuc¡ea.sed. tooa. fhey believecL therefore that &¡æiclneeÍa

could. oa¡¡se conståBatíon, a^rul Lf ttre pressu:re grad,leut wsre euff,iciently

hlgh, abdoni.nal pain

. However, .åÀler et alti (tpt*t , 19¿Q) Broðucedl no exper"f.nental

evièence in support of clyskirssia. They dtlil, borvevor, ilosfgnato t¡rper

f aad. fI traves es propulsl.ve uaves oa tlre basås of e:qprrlslon of faeces

or the record.ing be.lloona through the coLonLc stoma.s duning tåe

reeor.rtring of thegø wave forns. Becar¡ss of tho obstnrcting natrrro of

bnLloons, such ooncluslor¡s nay not be wa¡rsnteð.

It shoul€l be noteô that oonsid.erable ctoubt gtill exlsts as to

whether the f\¡nction of & waye can bE lnf,e¡redl fron åts Smographlc

aBpearsr¡ce (Cod.o et altl t 1952i Corure1l, 1g6iui).

Posey, Doaring, Sauer, Bargen anrl 0od.e (f 9r{B) ].lke .åd.ler et alif.,
(19t+1 , 1gtÊ) ahose patients with colouÍc etonas for theår or¡rer.Lnents,

but replaoedl the water ma¡oneter by the ¡¡¡ore seff¡itivs oBtlcul nsnoneter.

they supportoil, the propulsive funaãion assigrnd to t¡rye II ard. tyge III
wavga by Aå[er et a].ií (lgí t 19t&) a^ø restateil this opfuion ln a later



1

15

cornnunioatlon (Posey anû Bargen, 1951). Àocording to Posey ard. Bargen

(1951) tire notility patterns record.ecl. from closely adjaoent tevels of

tho colon sere often quåte d.igstnilar; thLs suggested. that the

lntesti¡æ traE composeil of rrfunetional segnentetr. Each regmont workec!,

as a seBarate unit¡ generally out of phase, but at ti¡nes coo¡dín¿ted,

sith its ræåghboura.

llhis autonorny of cloeeJ.y adjacent parte of t]re bowol was obssfi¡eû

by earl.Le¡r inr¡eetlgators (At*tnson et a-lif.n 19tú) ancl hae been oonfl¡meå

1n more rceent work (ConreJt:.., 1)jj3 Cheud.bar¡r anl T¡ualove, 1!61b).

Ío assess the length of the f¡¡nctional sognent, Posey anl Dargan (lgS't)

variecl the òistanee bEtweea the balIoons. fhey found. that shen tso

baJ-loons 1n the cslon wo¡re lr cn. apa.r't tbe ¡ecorded. nave patterrx were

simllar in both tracingsr shereas a¡ inter-öeLloon d"lstance of 7 c¡n.

reeulterl. in lnclependpnt a,ctlvity. Posey anct Bergen (t95t ) therefor-e

cor¿cluèedt that the functionel segment of tbe large l¡owol meaeuæel

betssen 5 cn. sñll J co. j tt¡e co¡'resporxling ftgure for the iler¡n was

estÍnateê at 4 ca.

Poaey anil Bargen (195t ) ¿f¿ not obse¡¡¡e ¡elaxatLon in ona segrnent

of, tlro colon coS.ncld.ing with waves of a propulsive t¡pe in lts proxinal

reighbour, êã1 therefore posüilated, that transport of intestfr¡aL

contentg required. coo¡ùin¿teô propulsive eotivity in two a.d,jacent

segnento. Conplete åntersegnonte-l coo¡dinatlon at a.l,L tl¡nes rÍas aeen

in three patients sith uloerative coLùtíg. If transport was clepend.ent

on coo¡dineted. aotivity, it woultt be ex¡rectecl t]¡at theso patiento woulð

-:-- " l\W.õ{Iry?lcÞtrsq>ryq. tF?4!FtqqBrtr:rÈræ.qç:f:n}r.r-:¡..-*j-.Fr.a
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have hs¿ tliarrhoea at the tl¡ae of sbrSr. llsrgverr the sr¡thors dirl

r¡ot state shether this was the caso or ¡rot.

It ghould be pointed. out at thLs atage tåat in vien of the

lnd.iuidual varietion Ln the a¡¡ount and t¡rpe of qotor activlty, the use

of control groups , ie lmtr¡or^tant Ln thE k¡vestlgatlon of the notlllty

of the lntestines. JLs early as 1929 HL¡ee, Lueth anil lvy ånclud,eiL 21

ro¡lns"l subjects in a sh¡dy of reotal notllif Ld 12 conotåpated. patiente.

fhoy fourril that their eonstípatedl patients hs.å less rectal. ¡notllity than

tbe normal persons, but as they used a balLoon contalaing 1!O n1. of

water, Lt is likely tlrat tdr¡ced. rather thae spontaneous notilLt¡r was

recorleê. Hines et a}ii (lgn) atso decièEå to test .âlvarezf (tgZ+)

theorl¡ of ilintesüirr¿l ar¡to-l.ntoxícationr by leavlng the balloon in sl,tu

for 6 to 12 hours. Ålttrougb tbås proceåure causeal rlisconfort anå

üpaJ"nfrrJ. urgestr lt failed. to reprroduce a¡Ð¡ of tb,e s¡mptons rega,rrd,eit

es t¡ryical of lntestir¡al auto-Lntoxicatlon

Spni"ggs et alti (lgSl) atso includ.ed. a gror¡p of non¡al subJects

for comparåson in e stn{y of the notllity ef the rectun "r¡i[ sigüoid.

soLon tn l0 patS.ents nLth ul.ceratlve colítis, The resting a^nd. post-

ciba-l patterns of activit¡r wene record.eit Ei*.i tenðen balloor¡s cor:¡ectecl

to optlcal usnonete*g.

Spriggo anå hls colleague s (lg5l) rpte'à tbe preuiously reoogn{ setl

raves of t¡4pee I, II enl III. ïn ad.ðiticn '*bêy obserr¡eil a different

t¡ro of wavE i.n theír patl.ents nith ulcera:iye eolLtLs. Thls wavE ilid,

not ftt into ary of the previously descrd.beå eate6onies a¡d. was therefore
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seParatsd aE tJ¡Ile fV. The ty¡re IV save ha.d. a hf.gher m6an anrplitud.o

than ary other Earsr a¡¡ü. aLthough relatively frequent ln patiente with
uLcorative colltis, it nes extrenely raro fn ths contro]. group.

Spniggs et etii (tgSt) consid.e¡ecl. that the t¡pe fV save was propulsåve

ad. represonteð a rnasa noveaent of ttrE contenta of the colon.

Spniggs et alii (lgSt ) aaad,e no atternpt to ana1yee the results in
theår patåents rnith ul-ceratíve colitls in regaed. to the ðuratioa ani

soverity of the d.isease, or tbe presence or absence of d.Íarcùoea at

the tLne of stucly. Ifowever, B{r a group, the patÍents with ulcere,tive

colltås showed. e narked.l¡r cLecneased proportåon of t¡rye II waves v¡hieh

accountecl for only g.{o of aLL waves a.e coepa¡rod. rnit}r fi,lr ln tha

control' grotlp. fhe a¡rtbore con¡id,er"ed. that t¡4pe fI vaves represented

hanstral contractLon qrd. tberefore suggested. tbat haustra3. aotåvity
was reð¡¡ceê in patlento sith ulcerative colitis.

Spr{-ggs anâ' hiE associates ('lg5l) attenpted. a quantitattve analysis

of theL¡r. tracinge by calculeting the percentage actlvlty and. mean

anBlLtude for all wave t¡rpeo. Stris representedl a¡: advanee in not1låty
sork aril wou1d. be Justiflable, as far as the porcenta.ge actirrrty ie
concerned, if all raves could, be classif,åed accurately, Howeves, tho

caLeuletlon of nea,n æpLåtueles ie probably ninread.J.ng because of tho

techr¡ical shor+conin6s of large ba.Lloong.

Kern et altl. ('tg|l) atso sü¡d.ieô the notl"ltty of the èistal cston

ln patLente with chronåc ureerative colitis They im'entågateô 45

patients r¡ri.th tbis cllses.se and. stateð tlmt they had. use¿L mor-e than jog
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rlotflsal per,$ons a¡ t!æ control €rouI,. lnre5r obserrredl type f , If and,

III saveer and. reported thg oocurrence of t¡rpe ï1I Ìra.ves ld.eper$.en*1y

of $prig6Ê et alii (l|5l)" Þ¡aves of tJr5ro ïV were ef,nir3.e weves

lasting 2 to 5 n:i.rn¡{:es and were seen in 9 cf thE 72 trøcings from thø

grÕup nith ulcerative co3.itis, but never ån no¡ru,a.l subjeots,

Kern et a.1ii (lgSl ) coneÍd.ereê that only t¡4pe IV lraves çere

propulslve" å{ost of the etu&ies were èons wit}r sÍrrglo bal"loons þut

when tanåen bal.Loons w*re used. the tine åntem's-l botween the appeare;iees

of t¡re IY saves ån ttre prnrC.mal a¡:d. d,isteå balloone sas constantly 1

nlrn¡te" the ar¡thors p¡roposed the{': thoeo we.ves :represer:te& c&r¡e[sd.

progreeeion of raass perletaltic contraetl"onr origlnating in the xi¡ght

half of the colon, but ååd. not present evådsnce for t*lås vå6w.

Ke¡rr enå hle co-qn'orkers (lSSl) furtUer fou¡ld" that phasf.o actívå{;y

(fy¡reo I, IT eüd. IIT) e'es eitber absent or red.uced. ir¡ l+6 øf tl¡e ?â

tracirrgs fron patients nith ulcerrative oolitls. Only fonr tracårtrgs

sho$e¿ e:{,ceas actír'j-ty arrl the rest sere nomal. f¡r¡re IV raves

ocou¡rreil only rrlren pbaslc actlvtty wag ædueeå.

Kern and. hts grÕup (lgfl ) foure'. no csmelation beb,rsen the leve1

of ¡notor actåuity of ths col"on and the rlur"atíon of the d.lsease ar¡,i, tho

dl.e6ree of fib¡¡osis of the coloru }lowever, they noterl that patåento

såth seve¡e dlanhoea tend.ed. to heve i¡r"ective tracf,ngs with ty¡re $r

Trêv€ar Phasic ac{.il*ty retru"¡:ed toward" novrnal xt¡en tbe d.ia¡rhoea

ceaseô" Fatiente ffiith no¡:naI boi,el hebits ha¿ no¡maL tracingsr ard

coræ tf.p arteû. patients ehoweô. Lncreased. notor activf,t¡r.

" ìf :qq .#ç-qerrã ¡idr:r:¡æ.:a.rf.E :F .-F.FÉir:'+-1ftEiF/: 
-*rrrqña!æ,,]-r ..-r¿.Ékqæ r<_{_,:
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A ilåssussLon of e¡¡otlonall"y chargeil topfca wÍth the petÍent with

uleo:sative c<¡];itis sen¡ltecl, in a¡r increese i¡r the freguoncy anrd.

aaplf.tuèe of the waves ln elx of seven prevlously Lnactive traotngs"

IIowover, Kern et atål (lgS't) mnke no nentÍon sf ¡rhefirer a el:uiLêr

tr$sponse eouLcl. be elf"clted. in patients rrlth nortnal patterne of

notil"ity"

rt should, be noted thet Kec'n ard hJ.s colleague s (lgït ) used. onl"y

a slngl"e bal,loon ln af,.l but a fev¡ of the o:cperÍ.nente, ard. a olngJ"o

ætcord.lng d.erriee ¡n&y crìeate a feLse I'I¡Fression of inactåv{ty or ir¡pe,r-

activity booause of tbo varåation in notill.ty in clifferrent segmento

of the 6ut.

Corrr¡e].l (1gSg) d.escråbed. a no¡e sensltLve balLoon metlrod. IIe

useð. thgeo ni¡d.atr¡¡¡e balloons measurlng 1o x 7 un. ary¡ 5 çp¡. êpar*.

llhe balloons rre¡e connected to an optleal manronreter by narron bore

pol¡rtherre hlbtng ard the vo,3-tms of the s&role recorcllng systenr ras onl.y

slt6ht1y greater then I 81.

Co¡:ne11 (lgyg) aepartedl from the tine-honou¡'eil eta¡da¡d. nomeu-

clature arr.d. deeerlbed. orily tuo groups of ïaves. The flrst, the

rrprårrclpeJ"tü wares, Trere so ns¡ûeê in r¡Les of thefr a'taost universal

occurfonce in traciu6s fr'on the signoLrl colon. fhey corresponl to

t¡pe IÏ of the stanða.tr* notatÍon Usually theÍr mplÍtud.e was bel-ow

2O cs¡. of wator, but they could. at tj-nes exceed. ê pressure of 7O on.

of water, ard, they terd.ed. to oceur ln phases of actfvi.ty alternatlng

wåth pha.ses of ¡¡elatir"o ínactirÉty. I¡¡ the aotive period.s thel.r
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fnequenoy wa¡ constantly Ln the nÈnge of 2 to 2.7 per mi¡ute ar,rl inter-
segnental Íncoo¡rlinatio¿ was co$unon. Fo¡rra¡ct pro8reesion of TrÊ,?es vas

ra¡:e but natrugression sas alono frequent.

The ¡vaves of the secorxl grqup vere seê¡¡ nainly in traoirgs fbon

the rectu¡o and, were of a low anpritud.e. Thelr frequoncy ras rapld (J
ts 10 per ulnrte) and tbey souretLnes contirnred. for a considerable

len6th of tíne ¡nithout intormption These Feves, con¡:ell (tgsg)
consid'ered', conesponcl'ed' to t¡pe f w¿ves of the stand.a¡il nonenolatur^e.

Conrsll (lgfg) reported" guantf,tatively anarysocl results f¡on no¡e

than oræ hund.red patÍents flith d.lsorìclereð bowel f\¡nction Íncludårrg

ulcerative colitås a¡<ì. the rirr¿ta,ble boweltt s¡mdrorae. He fouryJ. no¡sa,l

tracings in sltghtly nore thar¡ half the patients. The re¡aaårder eould.

be ctivåd.ecl into wel1. clefirærl. groups:

(a) lfost patients sith active d.ia¡yhoea et the ti¡e of stad.y had.

inact¿ve tracings. $åth s¡anptonatf.c inpr.ovenent of the ùia¡rlrooa, tlre
tnacínge sho*eè e return to no¡ma.l aetivíty; this had. been noteel

ea:rlier by Àluyr.&bbott and. Hinkle (tg¡O) nnt Kenr et alti (lg5t).
Gonr¡ell (lgSg) tberefore posürlated. that in active ùiarz'hoea.l states
the colon åtcl' not act as 4 trrunp but rtas a rlgåð clraiu along which faeces
positåvely tricble to reach tl¡e sensozy receptors for tbe d,era,ecation

ref]-exfr.

(u) apparently 20¿rí of tho petients r':ith tbe rirråtadle bo,¿ellf

s¡mdrome showecl. a motility patte:m characterÍsed. by a præd,onina¡ce of
rupid' frraquency w&ll€se lhe na.iority of these patlents wore constipatecl.



(") Exceesire r¡¿nbers of high FrnFlltudß contrections ¡esembling

the ef,fect of Prostigraine ocel¿ïreð in eome patients, but Cor¡r¡er1 d.id.

not state whether this t¡rpe of activity wan essociêted rrrth eay

partlcular fo¡m of bo¡qel ðysfLrnction.

In later work (ConneLL, 1961b) ttre same nethod. was used. to sbld-y

16 cases of megacolo:r. I'tre group rsas not a tronogeneous orþ,
Ilirschsprungrs ôåseaee boiqg proven in two cases ar:d. suspecteil in oæ

further patient. the othess sers g"oupecr. together &s acquirod. mega_

colon,

fhe co¡¡nonest moti].iW pattern, obsenred. in 7 of ths i6 patieats,
Tras one of generalåsed- lçpomotilåty, iÏirether the h¡4ponnotility was the
cå¡¡s6 or menely aa efìPect of the &lssase re¡nained. unsettlecl. In
ad.d'itLon conr¡elr d,escrÍbed segmentar tqryonotiríty in throe patients,
oegnental incoordånation in three patients¡ and conpletely nornrel

record.s in the renaining tirree patients.

connell ('lgsle) also ånyastieated. the rnotållty of the åistel large
bowel in 1l¡ patients w:ith as¡mptonetic d¡¡odenal ulceratlon He fou¡rcl

no aígnSflcaat dåfforeace in notility betrveen tbese patients ard a
control group of fB nonaal subjects.

rt is interestå48 to note that Co¡¡¡æl1 had. ¿bar¡doned. open erde¿
catheters for niniature belloons boceuse he had. found. thet ths
cathetera he used' nere blocked. by faeces even when a consta^r¡t inf\¡sion
techrrique wag used.o This has r¡ot been the expenience of other
workerg (ÐavÍd.son, $leisenger, .L}ny a¡ril Ï¿evåæ t 19rÁbi Cheuciharl¡ a^nl

*nrçlo'ya, lg6ib, c, ð).
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The earll"est stu¿ly of gastrointestinâI naotålåi;y usiï\g CIã]on end,ed.

catheters sas na4e by ÛffeJæ¿¡rn in 1877. He sbrd.åed a clriåd. agecl

seven yea$s irho had. had. a gas*rostony perfomed. for oesophegeal

¡trietuæ, the ¡.esült of sulphuric aeåd. which had. been ingested. in
nistd{e for bçer, Ilffer¡ann observed. perio*ic fluetuatlons ån

pressir::o 'wÌråch he consid.ered r¡ere due partly to respíratÍon ar1¿

partly to gastric contractiong. He estj.natscl tho basal gastríc

pres$ui'e to ba 2 to 8.5 cnr of water.

$lx ¡rears later, sct¡reiber (tga:) elso d,oscribed. e4perc.rnents on

¡Eeasurenent of 6astric a^nc[ oesophageal pressures through an opsn end.ed.

catheter. He found. that while the oesophagoal pr.ossure arways was

negative, tt¡e height of tho íntra-gaotråc pressure appeare¿ to d.epenå

on how much the sio¡nach lras sti-nulated. by nrechanics,l contaci with the

tube' fhus a rægative baeal pressu$e coulil be easi-Ly overcone by a
contractíon resuLti.ng fron manipulatåcn of the tubs. Scirreiber dtd.

his e¡perinental nork both on no¡i¡a1 erd on a¡aegthetised, subjects.

For*by-five yeers later, fenrpleton (lgeg) rrecord.ed the notility
of tbe ðogrs stonaoh usång e catbeter i¡¡sertecl through an exter¡l¿I

fish¡le. Hovrever, the crerl.it for rovåvíng the interest in open end.ed.

oathetere in stud.Les of !¡unan gastro-intestin&1. notillty belongs to
Brod.y ar¡d. hig colleagues (Brorly, T?err-e, Ireschan an;d. Quigler, 1g&o),

rnltlally they used. €,n sir filred. Le{¡d. and. n¡bber tube of 1 mm. bore

cormected to an optícal ma,:oo¡neterr anJ l¿ter a tande::r systen of
feeorrå1ng tips con¡ected. by o"75 nru. poJ.¡rbhone tubing (aroay era

22
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Quigley, 191+7). The equipnent was ft¡rther improvect by Quigley, Brod.y,

I'fc]lay, Land.ol"ln¿ and. I'fcÅlåster (tg5o) a"¿ at thet stage consisteå of a

poI¡rthene cetheter son¡rectetl to an electroraa¡aoneter. fhe cordueting

neelium Ln tlre catheters was herius ar¡d, ¿ erory flow of üris gas

preventad. tlie tips frcm beång blocteed. by intestÍnaI contentg. úså,n6

these metho¡J.s Bro{¡r anð his cs-'rorkers investigatecl the basal prressures

ard. phasic pr'Ëssure variations of the stoËach ard. small íntestiÌæ in
man a¡d' 1n æiçorlnentel ani¡qa1s. They nere particulerly Íntercete,l. ån

tl¡e meohatresn of 6astrlc eraptyiqg (Aroay a¡:d. Quigley- t lgtili Quigtey ad.

Broily, 1950).

Sonla"nrlsr Hor:oure Edwa¡rÈs a¡:il Corbett (lgg5) reported. a ¡ooùification

of ths open erded. catheter nethod. anil d.escribeð åts perfomrance

characteråstice. Ilsirg a^n expand"ed. sllver recor^rd.ir:g tip of 3.5 ¡¡m.

bo¡re on I mn. alr per*:eecL pol¡rthene tubing, ttrey found. t-lrat no gut

contents ræ*e forced. into the catheter at pressures less tha¡¡ ISi ø,
of water. No results of clinteal application of the metboil r¡er¡e

roportetl..

Tn liSlç, I¡orbe¡r and. Sbay d.escribed. the use of fluiil filled open

e¡lled. catheters cor¡nectecl to Statha¡o gtra¿ln ga$ges. fhey founr] that
catheters ¡ri.th an lnternal d.iseeter of 2 mnn the noet eatlsfactory,
because Excessl\re d.arapeni.ng occumecl ín catheters of nâ^rroiîor borc.

F¡non tno to four eatheters rith típs ! cn. epart we¡e ínserted. ånto the

stonacl¡ anú lcept patent by a cor¡stant slow se.lir¡e i¡:f:\rsioru A Sanborn

Foly-Ylso record.er traced. the lntra-gastråc pressure changes.

-f'E9lafl--'-e 
=F:F'FEìys¡.:=..-...
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Bhe creåit of lntroduolrg fluid. fLIled. caü¡eterg thus beror:gs to
Lorbor arrt $hoy (lgSìr) a:rd. nost subeequent worketre have ad,optecl, this
methoil.

th¡¡s 3årûí (lgSg) reoorrcled, åutra-lt¡níne1 presfl¡rìe fluctuations fron
tl¡e e¡¡aLL bo¡E41. He sueceeiteil. in makin6 recorrcls fron the ontl¡e small
bowel as well ¿s f?oü tho slgno.iè colon by leavir4E üre single catheter
1n sltu for up to 4B hou:rg.

trink (tg¡g) stud:ied. 6O persons of, ston 2h were nonnal oubJects,

ar¡û. the others had. êuoåenal dlivertÍcula, cluodenal ulcers, sp¡1¡e or
chol"elLthLaels. fho percenta6e of phasåc actånity was caLcuLated. in
t;tro rlifferent ru¡rs;

(") by eddlng the ður¿tåon of elr phasio wavss ard. expnessl'g

the sun as ã. percentege of the reco¡.d.od. tlne;
(t) by ad'd:tng the duration of all periocLe e[tu-5.ng n¡Lch phasio

Tfaves wÊre seen ard. e:çresslng this su¡a s,s a percentage

of the reco¡d.ed tf¡e.
Fi¡tc (1959) four*. tlrat when he caleuLated. phasíc aotivity J.n tbo

fi'rot way there Fa.e no elear-cr¡t d.lfïenence betreen tho patient groups.

ff, however, the c¡eeo¡d. methocl vas used., pattents wj.th duo¿ena"l ulcers
had' increased' åuod'enal and. upper iejunal actiuity, ryhiLe patients nråth

sprue had. ¡'educed. notiJlty of the uppor snalI i.ntestfne.

Barbos"o, KÍnr an*1 Ðavr.s (ty¡s) studled. tbe motilrty of the eealr.

bowel in na¡tnal chiLd.ren and. chl.ld*en råth coeLlac åtsease ar¡d. muco-

våscid'osis' " The ages of, ths ohild¡on varied. fron ].ess ttran 6 nonths
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to 14 yearsô They usetl a d.ouble-ksen lllller-Abbott tube Ln whfctr

the proxi"na3. opening saE in. the stonaoh e¡iil the d.ista-l opening Ln the

dh¡oðenû¡m. the tube rran oonnecteil to stathan strain garrges ard.

constsJttly porf'r.rsed, at a s],ow rate. "{1L ss.yês abovo 2 em. of ¡re,te¡r

prss$ure rero anolysoil a¡d. were olassifíed. acoorrl.ing to Foulk et alii
(tg¡+) lnto t¡pes I andl rrr.

Barbero et aLfi (lgsa) fourd. that ty¡ra r raves, which ¡rere

usualåy non-rh¡rhtrnåe, accountecl for gg"W of al]. activS.ty. Þaves of

t¡rpe III co¡:stltr¡teil 3.5É of the total activity ¡rhj.otr in tbe no¡mal

alrf1d.ren rrs,s present for 23.9o of tlre reco¡ted. ti¡ne. There was no

dl,ffferEnce in total aotivity betseen tbe th¡reo groups sü¡dleå, lhe¡e

wea no cllfference La the responsÊ to milk betseen healthy chíIt],¡¡en

ard chÍldren wlth ¡itucoviscièosis;-. both gToups showing a¡r incr^ease in
non-rh¡t-thnLe type r waves and t¡pe rrr wave¡ ¡rÍt!¡ a d.ecreese in
rlrythnio ty¡re I Fareg. Ho'rever, no attenpt was nade to comeLate üra

ilogree of notor aetivity witb age. hrrthe¡nore, a"11 ciríIðron ¡r¡re
soilatedl, and. this nay weLl have had. eone effect on raotållty, as

Berbel.o anrl her colleagues (195S) sbosect that the¡e rras & signi*i.ca,nt

¡reductlon Ln notor ectiuity dlur.i.ng s1eep.

In 1960r Kewentor a¡d Ksck ín Swed.en dlescr{.beÉL a¡,¡otber noöi-
fication of tho nethoil of æeorillng intra-1r.¡nin+1 pressu¡o changes by

moånÁ¡ of open erd.ed. catheters, Two fluldl. fåIleð cetheters rrith tbree

teminal hol,ee and. a nrbber nsar.rrf to faoålítate propulsioa EBTS

connecteil to prossu:re reeeptors ard. reco¡d.erl on an &lena-Seh8n¿rd,er

foun*cha¡næl niqgograph. she record.lng tipo were zo to jo ø, apart,
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ore 1n the rluodlenrm, the otber in the jeJur:aun. Kevrenter and, Koak

(tgeo) etuùi.ed. the notor actirnity ín Jo normal subjects cluring

fastlng ard, followlng a neal.

Durång the fasting peråod, wareg of unspecifted. tyge with a

rsaxls¡n anplituð.e of JO s¡lr of ¡rater occu¡red wlth a freguency of lesE

than 1o per 5 mintrtas. Fooô czusecl an Íncrease in the frequency of
the waves to bet-reen 1l ad. jo per 5 ni::r¿tes as trelL as in their
anpLiürd.e. soneti"¡nes a clistinct tine la6 lras observoct in ü]¡e

aPpearênce of a wave in the two tracings an¡å. thíg t¡as teken to i¡d,icate

propuS.sion

Kenenter arrl Kock (tggO) fsu¡rÊ that prostlgn:ine augnrenteè notor

activity to a slightly Lar6er extent than d,ldl, fooð, Morlphl.:re causeçL

necu:rriag period.s of fsst ttnon-propursive' waves at a rate of 55 b 6a

Per 5 nim¡tes superinposed. on a rise in basal pressure. fhese period.s

lasted. for 6 to 1O nirutes ant could. sonetj.:nes be seen as late as Zl+

hours after the adninístratLon of the dxug.

Tho sane nethotL ¡ras used. later by ChnistofTersson, i(erenter ard.

Kock (lgçz) in a stud.y of snall bowel notitity in patíents a^f,ter gastrio

operatíons. Sone patients fol].owing partial gastrec.l;ony exporience

episod.es of J.ight-hesd.ed.ress, woalcness, oweating êrd. palpltations,

borborygni and' d.La¡Thoea. These s¡nnptms oocur shortly after eetång

and. a,re particularly like3-y to be brought on by sweet, hot a¡¡d. liquåð

foodls. ThLs èistressing a¡¡i. not unconüon sequeJ. of gastrie resectíon

has cone to bs known as the post-gastrectoray early ðunping s¡mdrrrnne,
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Ohråstoffersson et allf (ßAZ) found that årcgtlt_Lation of tçrper_

tonie glucoso into the sila-|.] bonol ¡ras i.mïûeùl*tely follorvecl by Bro-

¡xrlslve notor aetil''åty - trperåstaltic ¡Ílshr'. This persf.sterl durlng

the reneråning 30 to 5O ¡aira¡tes of æcorðår€ in those patients who ùid

¡¡st d.evelop dunpårg. rn contrast, patíents rùo exportenced. dumping

showed. abolåtion of t'he irdtíer h¡permotility after tmo to eight

ni¡nrtesr srd the srûs.l} bor¡e1 rens,íred" con:pletely ånactive f,or ths

renairrd'er of the reconling. In vÍeiv'of these find.ings C}¡ristofferagsn

et ai-il" (lgCZ) eor¡,såclered that the occur.r.Ë:lcs of h¡ryermottlity of the

small bowel in d.unr1>ing neported. by other workers (tfauensten, Gassten,

Jonson anrl saltzm ane 1g5gi ldattsson, pe¡nan ard. tagerlðf , 1960) could

have been ðus to obso¡satÍ,sn of the rtperistaltåc rushrr al-or€, the

subsequent ceae¿tion of ¡notility havirrg escapeel noticg.

'Iho catheter ¡netboù nas f1¡rther applieð to pha:ruacological stu¿ies

(Kewenter, Kock, Ponpeius a¡d. Schetler, 1g62) erd. to n.n inveetigation
of the im¡aeðiate effects of gastric sr¡rge¡y on the motility of the

srûa.11 bowel (Kock, 196j; Keuenter arrd. Kock, 1g6j).

Kockf I (1gØ) aim was to d.ete¡mine how soon aften partia]. 6astrec,cora¡,

oral feedirg cou1d. be instituted.. He assrued. tl:at it sotrld. ¡.¡ot be

tolerated' until the upper sxr¡a.ll lntestir¡a was capable of propulsåon,

a'd' therefo¡¡e iff¿estlgated. the motor roslronr¡s of the set,.ll bo¡el to
jeJunal feecling" He began the r¡eco¿rdjir¡gs on the first post-oirerative

day and nepeated. then d.aily untll propulsJ.ve actåvíty had, returneil.
Tluis ueuatly took place by tho third d.ay af,ter operatíon, but was
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clolayetl until the fifth day in one patient" There ïsas no ðåffe¡rence

in the tirns of roturn between patíents vdth a gastro-êuocterpl

a¡ãs,etonosls ard. those with a ga.stro-Jejunal ors.

Kewenter auå lioek Usal) showed. that the ad¡rinistration of
Prostigrnår¡e êid. not sause a returrr of pr-opulsive actiuity if Jejun*l
feeiling hail. failed. to do so, ancl therefora ad.ll:iseü agaånst the use of

thio d.mg in the treafuent cf post-operatfve pareÌ¡rbic lleus.

2b. CÂT¡TMSA STUDIff' OF fHE T.ARçN BOHÐJ

The use of catheters in stud.ie¡ of large boweL nnotålf.ty gas

pionecrrod. by Dar-J.d"son and. hås group. Tn 1956, David.son, sleisenger,

.[lny and. Levire (lglgU) ma.de a stuùr of the notilåty of the ¡ectan ard.

d.istal colon in ll-o no:ma1 children

lhe pressu¡e fLuctr¡atlor¿s uerê reoo¡decl through ttrree cor:stantly

perfused. polyttrene catheters with the record.ing tips eix inches apart.

fhe catheters were co¡e¡¡ected to eLectro¡oanomoters and. the tracÍrgs

mad.e on a Sa¡rborn Poly-viso reco¡riêr. i,fost of the chird¡en wÊ¡6,

g{ven an enens, before the catheters were insertsd.

the waves were subd.ívld.ed. on the basis of arnplf.ttrd.e ar:rl cluratåon.

Their pattertr of d.istributlon gare no support to the rigid. oeparation

of waves into t¡¡pes r, rr and rrr, althor.rgh exanples of all these

tJæes courd. at ti¡res be reeogntseô. later, ind.eper:åent, work has

supported. this belief (Cnauah.ary a"nd. Truelove t 1g61U - d.),

Dauid.son.ard. his colleagues (f 956b) fsun¿ that the notitlty sf tho

.. > . ,,F*4,a:-¡.,
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rocü]n dl'lfferetl' f¡o¡r that of the slgmoåd. coLon in so fa¡ as the rectal
cont¡actfons werÊ of Longer du¡etlon and. saall.er arplituðs than

contractions obse¡ved. at hågher levers of the bower.

llhe reetll-ts of thÍs work were used. as a basis for comparison ån a
L¿ter study by the sane arthors (David.son, sleisonger, Alu¡r and. tevine,
1956a). Seven child-ren ¡rith ulcerative colitis¡ non€ of wiro¡n had

dLÌ"etrrhoea, shor,oeð notility patterno within the norsrar range. Honever,

a cha,ractenistíe pattern v¿ag observed. in six infants rnith acute

irfectious ðÍaryhoea. rhe d.istingu-tstring featr¡res of tJre diaæhoeal
pattern Ïr¿s a, high d'egree of coorrllnation at tho three levels of üio
large bowel, although there was often a d.istÍnct tioe J.ag in the
appearance of the wave ln the tl:ree traæings. Thís was taken to
irúicate prcpuLsion

In ad^d'ition, the anpJ-itr.rd.e of ths vayes wes generaLly nuch higlrer
than in nornral children, ar:d a J-arge part of the activity consisted, of
turdque wavest hel.cl to be iclentical nith ttre t¡,pa I]l wave of, sprdggs et
alii (ig5l ).

In an attenpt to reproðuce thi.s notllfty pattern extrrord.nerrtally,

11 noræar cldLd.ren neræ g:iven oral nagr:esitrn surphate. rn eigbt
ehlld'¡en the notility pattern of dia¡rhoea sas inðuced. rrlth nagræsiun

surphate. FurtJrermore, progresslve Travea of a high anpLituir,e werr
aeen David.son a¡rd. his co-workers (tg56a) noticeê that these t¡pe rv
tsaves h'ere essociated. with abdoninal d.ísconfort only when they oocurrr"od.

sluultarêouely ån ad'jacent segrnents of tbe gut, or nhen thelr a¡ralwa.txl
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Pro8resöion fñ"0nl the signoíd. colon d.id. not eventuste, T¡rpo Iv ¡rases

shorríng pa'o6re,sslve d,ela.y and. resulttng in the passage of fasces o¡.

fle-tus d.årl not 61ve rdso to abd.ouÍnar cLlsconfar.t.

-å'rother pasler by Ðarnîèsonr s gtroup (Ðavtd.son, Sleåsenger, SteÍnber6

ant JlJmy, 1955) d.esc¡{.bed. ths use of llecholyl ån i;he d,ia8nosís of
congenital uegacolon. Tlhe¡r thfs clrrug wes g:iven in a d.ose ,çt¿fficlent

to pnoduce eysteraíc sid.s-effeets it was fou¡rl to inh.tblt eelonåc afiå

rectal pheslc ectlvlty ín 9 of 2O normal subjects. Of e{x c}úld.ren

nlth congenital negacolon, three showed. ír¡hlbition of notålity of the

una'ffecterl gut; whereas the agarçlíonie eegnent fr¡.iled. to reepord..

Mecholy]., consequently, faåled. to reLax the aganglåonic segnent, rn
two child.ren ?Iith megacolon there was lack of rresponse to I'Jeeholyl at
all levels of the gut, colresBonfirrg to the gituatåon in norgal

controle. The renaÍning patient d.er¡lsnçtrated. a rrfalse posåtivett

result ån that the constrtcted. segmont a^1one f¿¿iLed. to re]-ax, but at
operatÍon the resercted. gut sas not agar¡glionic. fbis patåent was lster
d.osc¡{-bed mo¡e fu]-ty in a oeparate pepCIr (Da.ui.åson a¡d. Bauer, lgilg).

0n the basle of thie work, Davådson ar¡â. hLs aseocLate f) (1955)

nad.e a plea for ths use of the l{echolyl suppressåoa test ea a

d'legnostie toor ån suspected. caees of congenital nogacolonn They

clai¡red' that the length of the agangl.ionic segment could, be ¿ete1ll¡inecl

by movtng the recorrd.ing tips, but poj.nted, out that the test cculd. be

o¡pected. to be of va.lue ån or:1y ono-half of the cf¿8e8.

SesultE cor:flictin6 w"ith those of David.son.ot elåi (1g$g) were

publåehod by Firrlc and. Frlednar¡ (196O) who cøpaxred the eff*ct of varlc,"ls

¡.'-,.rl,*Èilrtni
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d¡trgs, amongst then lÍecholyl, on the proxi-mar a¡xL itistal colonn lo
obtal"n prsssu$e reco¡ds fron the proxåmal colon, these workers e11çç¡s¿

a thin polythere tr¡be lrith 2 wind.ows 4O s¿. epart to traverse the whole

gastro-i.ntestinal tract and. conr¡ecteð each erd. of the tube to a pres5ure

trensd-ucer.

Accordlr:g to Fj¡:lc a¡rd. T'nledna,n (1960) Åfecholyl con.sta:rtly

angmented' the notility of the proxirual eoI"on, atthou6h the dåsta1 eolon

was less sensítive. Ilowever, e, cLose sufficient to cause defårríte

aystenic effects - conparable to tha,t used. by Ðaviclson a^nd. his

colleagues (1955) erJranced. noton actåvåty throughout tl¡e colcn anl

rÞctum. In no ínsta::se v¡es Hect¡olyl ob,sewed. to cause suppreasion cf
rnotility, since Pznstig¡trine had. the se!.re qualítativs aetåon ag

Mecholyt and since both cllrect cholirergie sti,mulation a4d. ct¡olin-

esterase lnhibition 'üere more'effective in the proxlnal co].on, Fí¡:lc anâ.

FrLedn¡en (lggo) suggesteri. that ths åista.]' colon contaånecl moræ cholin-
esterâ$e. lirey were strengthened. in this belief by find:ing that
betha¡æcho:. (Urecholino) - affoged.ly actir¡g &irectly on the nêutro-

offector celle - haô s nore p¡þrþunced. stinulatÍng effect on the d,istâ¿

colon tlra¡¡ either Mecholyl or prostignåre.

fhey fourd. that the èirrlôlng lire betwpen the two te¡ritories of
tlSfferent quantitative response ÌreE i¡uaed.íately to the left of the p;irl*

transverse colon Thås codo¡ms weLl s'ith exí^sting knowledge of the
paresyûrpathetic írrne¡vation of the 1ar6e boner, the proxj-nral colon

belng supplied. by vagal. fibree a¡xl ths d.ista.l cslon and. r^octunr by the

sacfel OUt-flor¡.
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Chaudha,ry a¡d. Tnrelove ( I g6i b ro rcl ) na¿e substantåaI contrj"butíons

towa¡Tls our knowled'5e of the motiJ-lty of the large bowel in a se¡{-es of
well planræd. a¡d. caref\rlry analysed. ex¡reråments. lbey used, three
water-filled. pol.ytho¡æ csthoters s:ith the necord.ir¡q tips 2.5 o¡n. &per.t.

The catiroters lrere connected. to photoel-ectrlo trarrsducers ccupred, to a
canbniðge th¡ee-chan¡æl ¡ecord"er. I¡ike DavÍclson et eui (i956b),
Cbzud.SrarXr arxl. fnrslove (f 96tU) eounA. themselves unable to separate

Faveg f.nto stríet cetegorLes, aJ¡d. therefore subèivÍèed. them on an

anplituðe-duration basis for the pur1lose of analysis. Tbey intro&:ced.
a ocolonía notírf.ty r.¡xlexr to nake rapåd. ccnparison of d.ifferent
tracings possibl-e. This paremeter Ba¡ obtainerl by addlng the

anpLítutle-d-uration proctucts of a1]- F&vea ar:d. tokíng the everage value

fn rp¡moal subjects as iOO.

Chzudhurly a¡rd. îILelove recorrled. restlng patterns of notillty a¡
sel1 as changee irduced by prostislne or by an 'e¡notionally charged.r

lntervl"ey¡. They stud,:ied. ao¡mar oubjects, patients uitþ the i¡riteble
colon s¡mdrone r ard patients v¿ith t¡lceratlve colitis"

rn the first stud.y, chaudharl¡ ar¡:!. Tnrelove (t96tb) d.iscussed.

resttng patteras of notility. They ghovæd. that patients ¡rlth the
{rriteble coLon synd-rone whose chief s¡rarptcm was abdo!ûinal pain (spastio
colon) ar¡i. who had. s¡rnptons at the tl¡e of studly, shot¡ed. \peractlve
restfng petterns. Patients r¡ttJi the 1¡ritable colon s¡md,rone witb
actlve d'Larrhoea as their onty s¡n'apton (pure dia:riroea) showed a slight
dlecrease in the ¡unber of short waves, but no other deviatíon frcrn

rbrmal. Fur-bhe:sore, patients rrith the lrritable colon syndrone who
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were rlthout sJ¡nptüns êt the ti-ne of the prossure r€cord,ings had.

eesentie.J.ly nomal restir¡g patterns.

fhe patlents w'ith ulcerative oolLtis r¡ere subêirrid.ed- according to

the severity of the ðisease. lhose w'itlr sevet€ or mod.erate s¡iraptons

çore shown to have increasecl total activity rnaín1y dlue to a na¡ked

excesa of ¡vaves of hi6b anplltud"e arrd. long duretion - probably

cor"respordiqg to ty¡re rv of earrLer workers (spr:,ggs et arii r lgtl).
Sssentia.lly nornal patterns nÍth only a slight ¡edustion in the runl¡er

of short ï¡eves eharactorLaedl patÍ.ente nith ni]-cL s¡nmptons, anô those

¡rith no s¡naptons but with signoid.oscoplc evld.eneo of ir¡fleq¡nation.

fhe last Sroup r syrnpton-free patients mitb r¡o sÍ6noicloscopic evld.enco

of inflamnation, hed. nome3. patterns.

Tracings fron tbe ôescen*ing and. trarisverae colon in fåve

patLents rith colostoßies faåled. to rreveal argr increase in restlng

activlty at theee higher levels as co¡npa¡ed. to the resting activity of

the signofd colon.

In thelr concluêlng remarks Chaud.ha¡y ancl Tn¡elove (t96lU)

emphasisett the large variation in colonfc notor activity in no¡ual.

subjeets whi"ch renderecl estixlates of lgperaetívity or h¡poactirity on

nere vísual ínspection ngrossJ-y ånedeguatetr.

r¡r their secord, corurur¡leation cbar¡dheey ancl rn¡el-ove (196,¡e )

reporüed. the effect of a sta¡d,a¡{. intranuscular d.oee of 1 nrg. of

h'ostågnåne" Eighty-aix tracings were obtainecl from the s€ne groupÐ

of subjects as proviously. In al.l groups Prostlgmír¡e causecl augnented.

actÍvity nhieh, however, was most nerkeô in patÍents with the epastÍc

'..-è'Þ*..
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colon ôlsord.er Ln the stage of s¡mptons. lThen no s¡mptoms îrero

.piresent 
the respor:":e" although not so markecL, w¿s still greater than

that seen in no¡ma1 subjeets. Fatients with pure d.iaJ.:.hoea respond.ed.

less thaå thoee with a sBastic coJ.on, but more than no:mal .subjects.
rn contrast, patåents with ulcerative colitis &id. no* d.iffer

quantåtatively ån theår rêsponse fron rrort¡al cont¡ols rvåth the

oxceptíon of patients in group ï (sevare to noderate synptons) who

shoryed an inerease in long lravej5 of high ampLituile.

The overall picture was thus or¡e of aä excessive respo¡ise to

P:ostígmirrÐ by patients with the irrítable colon s¡md,r.omo, wlrether of

the spastic colon t¡pe or with pure ùåa¡rhoea, anrå. whether in the stage

of o¡mptoms otr notn clraudhary and. Tmelove (tg61o) concLud.ed. thet

this fi¡ding favoured. tire theory that all the patients with the

i.rritabLe colon synd.:'one ehared. a conmon factor which persisted. even

¡rhen the d.åsord.er nas quiescent. They suggested that this factor
tuight be a¡: increased. reactlv:ity to paras¡nrpathetic stinulatlon. on

ther other hancl, there ç'as little er¡id.snce for und.ue suscoptíbility to
such stÍs.ulation in patients rrith ulceratåve colitis.

The thírð study by thaud.har¡r and Tnrelove (lgSla) concer*ecl the

effect of eno'bionñ¡ otl colonic motÍlity. The r¡ethoil used. to i¡¡üuce

elaotional stress under experiiuental cor¡lltions wa^s a d.åscussion ¡v'ith

the patient of topics r.¡:rth an t s&sf.ional J-o.t*ingr. They found. that

the frcquency with r¡ìrích augnenteù motor actirrlty was induced. by tha

enotivo inlLerview was the game ín alr groups of oubjosts. \¡rus zff

"-rv-rFF3lry?sps,., f. -'srry,ii-n .' '':' - ,;¡-. '
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of tho noirital subjects t 26{r of ths patÍenta rvith the irrl"table colon

s¡ind:nome anù \ff, of the patients w'ith ulcerative colitis shoTyed a

positåve ¡eõponse. Patients wtth the irritable colon syrrJrone 1n tl:o

stage of syntptans ¡'eacted" Eì.th er:hsncecl notilÍ{y noro froquently than

d.1ð synptCIm-free patåents, but tho :runbers ånvolvecl weæ sn¡a]_L,

It åe interesting to note that thaudhcrry ar¡à S¡r¡eLove (tg6tA)

ne'le nÐ mention of e d,eer¡ease in colorrl'c notålåty inrlueed. by enotåonn.

Íiuch an tccunpence was repeatedly d.escribed, by Alny and. his colleaguea

(frf*y, "É"bbo'bt e¡d, RinkJo, 1!g0; .A,i-my, 1951) anrå. abolition of notor

actirity ¡ras usus-Lly assooiated. çåth feel!-ngs of gul1t or inad.equacy

in the patåen'r;. Honever, since motor activity was norrr¡ally seen ån

the colon for only about 1ffi of the recordeil tLne (Cfraualaqy ard.

lruel-ove , 1961b) it :-s possible th¿t the periorls of quÍescence

obsenred. by *{J.ray et al.lí (tgEO) bore no nore than a teraporal relation-

shf.p to the ånte¡¡¡Lew.

&fore recently, Tn¡elove and, his co-worl¡ers (Rttctrte, Ârdran ard.

lr"nelove t 1962) Uave reportecl the use of a balloon ard. an open ord.eri.

catl¡eter forming e d.tfferential ur¡it in the stu$r of notÍlity. The

&ifferential unit wag consièerecl. to be of value Ln rletecting expansion

of ù?re boivel¡ erd' enabled. îr&ves cærseä. by a contraction of the bo¡vel 1n

the neighbourhooil of the record.f.ng deuice to be &istingulsheå fron

those caueed" by transnissåon of the pressure generated. by a contractåon

wsIl ebove the d.iffsrentia.l unLt. Lltchis et a].ii (lgçZ) offered. a

classi-flcatÍon of tlro ðifferent ty¡ies of colonic ¡lotor actlvlty basad.

rffi !4ryt!":{1-t+r l"qrì*Flr-r,æf rq:¡rytE1F+:t:gf.?



on slðuLts,neous ¡nensaoùtdo stud.ies and. cine-rad{ ology.

Kåm a¡ril Earbe¿.o (1961) investå6atecl. tho pattern of recto-signoåd.

mot5.11ty in chlldren and. sholreil that in ctríldren over s¿x nnonths of '

age the lar6e barvel tras active for a greater proportJ-on of tLne t¡an

ån adul*eo Howtver, ftrom thei¡'publislrod. results 1t ís evid.ent that

they èid' not calculato ths Bercentage activity in tbe sâ¡ne ¡naruìÐr as

dl.eL D¿rrååson et ali"å (1956u) or chaudharxr and. Trustove (ig61b-a)

r.end.oring a conparåson of the results of theea three stild.åes irwalid.

3" Êgetro-t^ale.ggi4$.&R+Lotqlerûeleql4g

llhe neeessíty of inir¡bation $as until reeently the nost seríous

&tea¿vântaþ of assesrsing intestinå.l notility by neasuring intra-
lunina]. pressufe f'ltredr:ations. fubea were need.ed. eíther to conduct

the intra-h¡mÍnal prûssure changes to externaL transdlucers or to can¡r

enêrgy to tnansis'bcrs pleced. insid.e the intestíne, Tho ðiseoüfort

caused. by tlre h¡bes mad.e patients less 1nclåræd. to urd.ergo repeated. or

prolonged sfud.åes" F'urthomors, nansea whåch was someti.nes índuceð by

ü¡bes eculd. alter the behavÍour of the bowel.

The åntroduction of the ingestible rarlåotelenetening capsule in
1957 by two írd.epe¡råent gpoups of workars (Ï'arrar¡ Zworykån ard. BaLua,

1957; Ï*lackay a¡å Jaoobson, lJgl) o* tharefore a significant a,ðvanee

in the r¡ethad.ol-ory tf gastro-enterological reeea,rch. The approach of

the tw'o groups dåffered soüewhat. .A,lthough l¡oth n¡ad.e use of frequency

noðulatíon rad.Lo tra.nsraitters, Fa::æar et elåi" (195J) eneloaecl a power

36



57

s$pBly ån tl¡e capsule nakfqg J.t år*åeperdent of extornsl sources of

ensrÐr$ wti*reae llackay etd. Jaco'bson chose to enploy a passive trsns-

¡qåtter con*lstlng of a resonant ei"rcuit, tho frec¡uency of wlrtclr was

eonsed fm$ the outsfêEn

The ångestible telemetering c.opsulee in use tod.ay ars ossentially

frequøney moch¡latíon tra,nsnitters 1:owerecl by sraa11 eLectråe cells s¡d.

heve been u*ed. nainly fo,r rneasurer¿entE of pressure fï-rrctuetioas w"ithin

the ctiges'båve tract. *irore at'e, however, reports of nod.ifÍcationa

which pe:niÍt meêsure¡Ìrents of acidity ard. tercperature (Connell ard.

Basåeal1y, a telemetering capsule or rrad,io-pl3fr adapted. for
pressurË m{rs,gutreaents consists of thnee conponentsl the traþsducor,

the transnitter and. ths power supply.

fhe tral:,çducer is a fe:rite core, the ôlsc of which cerries the

pressu¡'Ê eensitlve coraponent. Shls nay be eíther a perspex tliaphragn

(Rowlanls and. Tfolff , 1960) cr a silver plated. copper d.:iE:hragn.

Álternai;ivelyn the pressuæ ee¡n*sÍng rlevfco nay be a bollows ¡oeeharrism

(Honoritø ar¡il Faæ¡¡r, 1962).

The tra¡rs¡nitter is usuaLly designed. to operate on a frequency

between 50O Kc^ algl 10 nfc/s (Wa*son, l,oss a.nil, Kay, 1962), Æl

ciæouXts use the variati-on Ln Lnf,uctance shich results when Íntra-

ltuainal pr"eñFure fluctr¡atÍons câ,u,se a movenent of the pressur€

sensítivo d.åaphragn o:r bollorss ad thus of the attacheil ferrite ðÍsc,

Tho cirarye ån ånåuetanrce results fn a change Ín'the frequency of
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oscillâtfon of the tra¡¡sraltter" Tho rad"io stgnal ie pickerl up by an

ae¡dal systen outsfd.e the boèy and. the frequeney change; cler¿odula*ed. by

a receiver ard. reco¡rü.ecl Ln a suÍtable way - uzua1ly by a itirect vrrdting

reco¡€er (nowtanAs and, ffolff, 1960).

uost radl.o pílls are povrered. by a star¡d.a¡d. hearing aåd. uercury

cell. 'Ihåe polrer supply wåll last ,t*O hours (Rowtarø.s and. Tlolff , 1g60)

8o hours (r?atson et alit , 1g6z) or L to J d.ays (lloronitz and Faxrar,

1962) d'epenililqg on tbe eu¡rent rrsquired. to operate the transnitter,

3e chai"ggl"9oë¿lderg!3ggs ín Bsååg[e-lsne rqftps

fho pressure sensfng necha.i:{sn must give a stabl-e pergoxnaanoe to

ensure reliabLe recorriång. .À p€rglex cliaphragu te¡d.s to und.ergo

èi'nensionå^l cbanges caused. by the action of tigestlve socretions on

its outer su:rfacs (Conre11 a¡d Rorvland.sr 1960). ûnless thls ås

p}ovented., for exanple by coveriqg the d.iaphragn with stlicone gres.se,

a ba^seIåne årift vri-Ll d.evelop d"u.ni.ng the recorrd.ing. Âlterr¡¿tively,

the rliaphraæ nay be mad.e of a no¡e ðurabre nateria-l, such Ls silver
pl.ated. copper (*'atson et a1tí r 1g62)¡ the belJ.oss necha.r¡Lsn, if usad.,

nay be pnotecteil fron blockage by lntestinå.l contents by enalosing the

capsulo ln a nrbber bag (Hororritz end. Fe¿ra:" t 1962).

voltage d.ecay of the porrer aupply is another possibre cause of

baseLiriå dråft. Honraver, l?ateon et a-1it (1962) ahowed. that the

connorùy use¿ Ì'lallory nïi, 512 mer€ury cell ha.d. a etablo volta€a cuffie

aE the cur¡ent was d:rained. frorn it. Af,ter a¡r ir¡itial fall ln the

firet ]o minirtes, the voltagé remaåned críthÍn a.5ft of the specifíed.

!

I

'i
i

'-'- '_.: -r--a- .- t*,,- ___.-.__._...-



39

1evel oî 1.32 voltE, aãd. the variation in frequoncy causeð by ttrle

d.egree of èeeay was rægllg:ib1e. Duning actr¡al. r'ocorrtån6s ba^selir€

'dr'ift, inoluðing d.rtft ln the reeeåverr was found. to amount to lese

than ¿ ffi cb,angø in carrier frequoncy. 'lfhus the stabllity of the

eystern waa ade'1uate.

It is nelI knorcn that variatlor¡s i.n er¡vironnontal te:uperatr::re

lrfl"uence the pe:formauce of raåJ.ojllls (Farrûr, 1961 )" Wa*son et

eJ.f.å (1962) showeil tbat frequency chaqges of up *o 1Ko/s could. be

szueed. by varåations in er$¡lro¡rnental teupera&¡re rrithin the

physíoJ.ogåcal range. Iach capsuJ.e was four¡I to hs,ve its orn

temperatrrre charaoterlståes and. thus hs¿ to be oallbrateel índlvidually

beforo uEe.

Ânother reêson for ca1íbrating each radio-påll separately is the

fact that the change in frequency causeð by a 6iven pressuro varies

frcm or¡e pi1l to tbe ¡rext. lhe r*nge of prossures which can be

nscor$.ed. witb acceptable lånear"j-ty deperd.s on the nature of tl¡e

Pressur€-sensi"tive nechar]:ism. .A pers?ex &i.aphragn O.2 run. thLck has

boen founcl sultable for presau¡es betseen O ad. l0O c¡r. of water

(Row1ard.s and. iYoIf,fl , 196A). The metal d:iaphragn O.OO1 åncl:es thick

usect by €atson et alii (geZ) was reported. to recorrl up to a p¡€ssu;re

of 5O cfl¡, of' water vrith a non-lL¡earity ereor of loss t}ran ffi. Higher

p¡essu¡es could. be neco¡rleð accurstely by increaslng the thlckness of

the d.Íaphra6m,
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Prnqti.gg¡_ i[gpe_ets_¡¡f Îe]"eneterirre f¡¡om the Gut

Îl¡e two m€Én d.Ífficulties encounterêcl fn gastro-lntestånal

tel"enetenin€ are tirs looal,isatÍon of the capsule Ín the intestine

a¡ld the phenonenon of rloss of conts,ctr.

The capoule 1s rad.io-ope,que ancl. íts enact ï)ositlon Ln the ra¡ge

bowel csn be easily escerteÍnscl by fluoroscopy. tocallsation ån the

&êl-1 Ín'bestine fs nore d.lffåcult, a$ã. even rad.íoJ"ogåca1 contrast

stuô*es ü¡ay not ìro wholly satlsfsctoqf if several loops of åntestine

nre supeninposeð. upon eaeh other. Furtheruore, the exe,elnation rBåð¡

have to be repeated. at frequent ínterr¡als because the capsule, unless

enclrored. by a threa,il., often moves rapiùLy ttrrough Ðro upper s¡natl

bowel.

Familtar-ity rdLh the rvave patterns usuarly founô at clifferent

levels of tho d.Ígestive tract is of belp because gastric, sraalr

inteetlnel and. colonic r?a,ve patterns ane easily d.istingulshed. frco

oræ a,not!¡er. Ird.eed., Cor¡nell ard. Rowla¡¡d.s (1960) f,or¡ni theinselves

able to locpf,.tae the capsuJ.e vrith a faår d.ogree of accuracy fr.onn the

natur€ of the pressure neveß , aú, thought that ¡¡:.ith f\æther experd.ence

fluoroecopie ccrrtrol míght becor¡e urìriecessary. Hçlçever, nont norkers

e,gree thet rå.åÍ.o1o61 1e si;ill essentiel for ansurate localísa{råon

(ilorowltz ard. I¡r¡rrar, 1g62; ScIlth, 1g62¡ Selth and, ILld.g.way, 1j6Z).

lÏ,ose of contactt occurs n'hen nover,¡ent of the ceipsule causeg a

faJ-l in signal strength. fhe otrengtb of the rad.åo signal d.eperd.s on

the position of the non-horacgeneous fieLd. of tho capsule in relation to
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the receåvåug aeråaI, beårrg greatest y¡hen the aeria.l" Lntercepts the

naxlnu$ r*rnber of lines of forcs. If the ccrpsule npåns arourd. the

stgna'l strength nay fa1l belaw a critåca1- level, causÍng an artefact

in tbe pressr¡:re trace neeenblirrg a sual-L borrcl preesl¡re wavo (Corurell

en1 Rowlend.s, 1!60; Sprung a"rd. Rolschr 196O).

loes of contact may be prevented. by the use of a,n onrrid.fu"ectional

ae¡{al" (Connell end 3,owlands, 196Oi Connell, }åcCall, I,iioåewícz a¡¡1

Ifor¡lerd.s , 1963). .Alternatively, d.isto¡.tion of the p$essure record may

bo avold"od. through the use of an eleot¡çnic clenp which nonentarily

lnterrupts the record.:lng when sig:ra^l strength falls below the c¡itical

leveL (Sntttr, 1962; &¡ith and ILid.g,ray, 1962).

On the other harrl., Loss of contact raay pruvid.e írrfor¡nation abaut

noveroent of the capsule (Sp".rns ar¡ci Roisclt, 'lJ(>Q Snith, 1962). If a

contour nap of sfgnal sbreng:Lhs is pl.otted. e¡d. the record.ing aerÍ.a1

purposely p3.aeed. at tho per{-phery, even slíght c}rar6es in the position

of the capsule wilL lesult ín narked. varla.tåons in signal strrength.

These variations can be record.eô sj.multet:eously with preseure

fluctuatiors (Snith, 1962).

À ft¡rther roflnenaent wes introduced by ConræLl et alll (lgít) who

courbi¡æd. pressure rocoråång th:.ough an onníd.irectåo¡rs,L aeråal wlth

recorûirg of signal strongth through both an onniðixectior¡al and. a

unidi¡ectlonal aer{.a.L. Ur¡fortunately tbe arnount of electronic

equlpnent necessar¡i for this procedure nay 15mit lts aeceptance ín

clir¡lcal practÍce.
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IThiLe the BositS,on of the ca¡rsule 1n rplatåon to the receåvång

aorfal is constant, the slgna.l strength d.operd.e on the d.ista¡ee between

capsuLe anð aeria3.o TIurs tlre s16na1 strength nay be used to local'åse

the capsule, Süåth (lgçZ)3 usång a ¡,:rmber of interchangeable eerials

placed. over the ebd.eircen, fourrå that eignatr. otrongth nas maxinal" thr.ough

the eentral or left*sid.ed aeniat rdren the capsule wa.s 1¡r the upper

enall í¡¡testinê. l{hen it hed pro€fessed. to the caecum, the strnngest

cign*l was reco¡rlocl through the lower r:igirt aer{.al J"cop.

Ehe transf.t, recovery a"rrå possíble re-use of the capsule also r¡eed.

to be consfd.ered. Tnxæit though the gastro-intestinal tract is Ê¿xûost

iuvarlably unconplåca*ed, but if it ie urlluly long the rH.fer of the

po$er supply may be exceerleê. Farrar aüå Bernstein (1958) reported.

one patient w:ith an unsuspected" cercinoÍd. tunour in r¡hom the cepsule

Ìras afitestecl. at the level of the tnrmourn arirl Cor:¡æIl and. Roïrland.s

(1960) had. a sini]-sr eryerlence 1n a case of unsuopected. Crohnts

disease. In both ånstences the provokeü. laparotoury Ied. to a
clofir¡åtåve d.iagrosis; reve¡-bheLeas, red.åoteLe¡reterång eapsules should.

not be used. 1n patåentc witb auspected. stnietuïes of the intestirs"

Recovery of the capsules prresonts no problen, but oplnions d.åffer

on the question of r.epeated. use of a ceipsule. Rowlards and. ffolff
(fgCO) r¡sed. e rene jour'ney pill' ad. consJ-dered. that the a.d.vantageo of

conpLete sesil i.r¡S ard. permaner¡t coruæction of t,he bo,ttery outweighed. the

ecanomåc d.ised.vant&geac On th.e oth,er hand., Fa¡lt.ar et allt (lg|l)
prefemeü. caBsuJ.es rvíth a :replaceable poner suppJ.y" Neturally the

-j r. ,-re.: 
+_:.: _r. r.-.=.*,,
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posaibill.ty of t¡sing the ssxle capsiule for a nìmber of e:çerimcnts is

ffrreneially attractive r end even though adequate sealir¡g cf the ba.ttary

ogd 1s d,ifficult, it can be achier"ed. (Sataon et alåi , 1962).

Results of G*r.stro-inte stinsl Tel" eme teríns

It is natursl that many of the reports d.ealÍng nith gastro-

lntestinâ-l tele¡neteri.ng should. have a strong metbod.ologfceul bias

(Rovrlard.s a¡d, ffolf,f , 19{rA; l{ackay, 1961; trTatson et alii, 1962i

S¡n^åthr 1962¡ Çonnetl et ãtii, 1963). However, tho redia-piIl hae

oome Lnto uss &s a tool for clLnÍcal research.

Fa.ztar a¡d. Bernetetn ( 1958) prrbLished. a qualítative d.escr{"ption

of the notility of the sraa.l1 bsr¡eL i.n 1O noræa} subjects an¿ 3 petfeni;s

xrlth function".rl alÍnenta.:ry d.issrd.ers, but attenrpted. no d"etailed.

analysis of their resuLts. They also corap¿rreô the traci.ngs obtained.

throu6h aírsultarreous recon:.1ng w'ith raÀio-pilLs anå open erv}o& catheters

and. fou¡d them to be rrirtually íclerrtical.. Sinilerly, Sprung and.

Rolsch (f ggO) d.escråbed. the æall bowel patterns of 20 rp¡reI vol.u¡rteers

stthout attemptirrg a guantltatlve appnuisal. ConrÉlJ" and. Rov¡lard.s

(1960) publlshed^ representative tracings fren cllfferent leveIe of the

6astro-åntestinal tra,ct a¡d. corfirnred. that tracÍngs obtai.nod. wåth open

end.ed catheters and" with rcdio-pills Ìrere ld-entåcaI, though nlnlatura

ballooræ prcåuceð traei.ngs with minor qua^ntltative clj.ffereneea.

GroísEer ard. Fs¡rar (lgçz) nnad.e use of the telemeterÍng cepsule in
investigatång i;he effect of srlûel-I bo'*'ol notSJity on the absorption of,

red.loactive so&ium.
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T.n 1962 I'leirçlqitz erd. Fa¡raa reported, quantitatlvely analysed.

¡eeults sf the rnotllåty of the emall bowel in 1o patients with

f\¡nctior¡a} gastro-lntesti.rial s¡mptoms and. 12 nonnal nubjects. Restíng

ard post-ci"'ba.l pntterns Tyere recond.ed.. In theÍr a^na1ysÍs the s.rthors

cl"assffled. tl¡e lraves ånto t¡ryes I and. III, ancl" f\¡rther subd.ivlsíons

merrs then mad.s on the basJ.s of alrplftud.e. Horov¡åtz and. Fa¡yar f ourd.

no díffere¡iee irstween pa*i.ents wlth functLons-l alå¡renta.T1¡ d.íearders

ar¡d control subjeats ån regarrd. to the rn¡nber and. amplit-ude of type I
wa,veso }Ícvrevern only &. of the control subJects but ell of the,

patients wå*h functional al"imentar¡r s¡imptons ehoned. type IfI H&voe¡

. loss, lT'atson anê Ka¡r (lgøl) reported. an elegant appli.cation of

radiotel"enretering to a cl{nLcal problem" fhey studled. t}¡e return of

lntestinal penistalsls after gastrÍc sur€iery rñ¡-tb erd. v¡ithout vagotomy.

Sleven patier:ts i-n whon gastric suf,gelxl' wes combl¡reð ¡rith vagal section

shori'ed. a zrturn of s!0a11 bowel perístalsis sfter a msan af 1Q.z hours;

in the såne ¡nrn¡ber of patients who hed. gastrlc surget"¡l' without vagotomy,

the comespondi"ng tlne was 4.2 hours. fhe mesn araplitude of the

peråstaltic waves was not í¡rfluenced. by vagotony, a¡d. Ross anð bis

colleaguee conelud.ed. that the vagus exorci.sed little controL ocor the

uot5.lfty of the sna11 bowel.

l¡. B^a+ioj=-olü

Although radiolog'ical nethod-s e¡.e a valuable aid in the d.lagnosls

of Saetro-intestinal ilåseesen they hava not been'oo.uaIly euccessfuJ. ån
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eLucÍd.ating the nature of nonnal and. ùisturbeð. intestÍnal notålity.

Iàolor:ged observation is necessârJr to obse¡îve the relativoly elon and.

eoraplex rnovements of ths gut and. its contents, anl. the a¡nount of

radiatfon involved. nsd.o 1t ùnpossíble for the early inveetigators to

sfudy intestånal notility in man w:lth aqy d.egree of saf,ety.

Cannon (19e2) aürdåecl motllity Ln the cat anri. d.escråbed. in d.*taÍl

the fluproscopic &ppe¿irÐnoo of the ôifferen'b t¡¡pes of motor actiuity:

aegnentatíon, perlstalsÍs ancl pendulum movement in tha emâ"L1 bowe];

perístalsis, enti-5:erÍstalgLs and" tonic cc¡nstrictions in tne largo

bor.vel. He also noted. the abolitåon of all lntestinal notålity exoept

the tonic cor¡strictåons of tho colon in the e;ccited. or enlageil animal,

anð was thus the first to draw attention to the fact that eaotioræ

lnfluence motilÍty. It ís of, sone j-nteregt that the contr¿gt neðÍu¡n

usad by ta¡rnon (19C2), a mixtur-e of food. and. bisauth subnitrate, rÍas

probably nore pþsiological than the pure barium suspe¡urions of l¿tter
d.ays whicl¡ a¡e not well suåted. for an inveatigation of tho physiological

behavíour of the gut. However, recently a sta¡ld.a¡ðised. bariun-fooC.

¡nl"xture has been introduead. by Swed.ish workers (Mettsson, Feman ancl

Lager.Lðf , 1960) and. fou¡id. eatisfactory.

An approxinate estimate of motillty can be ma.d.e by using serial
I opotr fi1¡ns at regular inte¡va1s to clecicle on the progr€ss of the

contrast medíun through the inteståre, Wíth thís ¡rethod. Kirsh (lgfø)

f,ounl e wÍd.e varíatl"on j.n the tlse taken for r¡on-flocculatíng l¡ari.un

sulphate to reach the caocun. In 1lJ patients w'ithout know-n gastro-

integtinel d.ieense, the nsd.lan translt tiu¡e was 12O minutes, but ln
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orùy 5í, of the patåents was the tra¡¡slt ti-ne between 9O and. 18O

¡ninr¡tes. It is clear that only groÐs d.eviations from the norroal vrill
i¡e detectecl by th:ts techni.que. llowovor, transit ti.¡nes in ¡:ornal

people are claimec. to be mone consta$t íf a rphysio-Logical contrast

nediumf r prepsred. by nrixing the baríun suspension rríth knos"n r¿ueurtitiee

of carboiryd,rate, proteín and. fat, fa used (Mattssor. et alil ,1g6a).

Htth thi.s contratrt ¡red.iun the Sv¡eilish workers fouyd. slorv fplall bsrcel

translt ín pancreatic eteatorrhoea and. non.-tropica-1 sprue, but norynal

translt ln ulceratLve colitis e"¡en wt¡en d.iamhoea was present, rn a

later tr)aperr Pennan and. Ì'{etteson ( 1962) confinnad. the slo¡r s¡lali bolvel

trangít in steatarrhoea. they four¡d. that the transåt ti¡ae was

pnolonged Ehether the steatorrhoe¿ rlag of $r¡a1l borvel origin or

secondarSr'to pancreetlc clisease.

Abno¡mal snall boryel trsnsit times have also been neported. in
patienta nith tt¡e dunpÍng syrdrone follow:ing partíal 6astrectomy by

ldattsson et alii, (1g60) ard. l¡Ìattseon affl peruan (lg6e). îhey

reported that in petients wfth the dumping syrd.rome the rhead.r or first
part of the sontrast med.íu¡n traversed. the snall bowel at an ext*enely

rapld rate, although the transit ti¡¡e for the renaíu1.er of tho contrast

ras norrüâ-l. Gastríc enpt3ti.ng wao equally rapid. 5"n patÍents ll.1th arrd.

rrlthout dunping.

rnte¡mittent fluoroscopy nay bo used. instea.d, of serie.r I opotr

filnsr ard ís obviously nore suítable for the obaerv¿tion of a d¡mamic

prteesso However, tyith con,'entional equlpnent, the rad.ietion hazard.

¡:
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år not nagll6:åble, Uslng this nethod, Ðuthie and. ldcKellûr (tggO)

gtuôíed. J! patients who harl und.ergone gastric surgery erd. 1n whom thoy

attenpteô to íri<luee dunping with h¡pertonle glueose. They founrü. a

nean srnaLl bowel tra¡rsLt time of 2O ni¡¡.¡tes in the patients who

e¡períenceð ôulepång conpared. r¡:lth ¿¡5 ninrtes when duraplng d.iå not

occur. Hy¡rerraotålity of the sna11 ir¡teståne was noted. in 12 of tho

1J subjects ln l,rhon d"unpi"ng was inðueerl, but w¿s also seen in the

ebssnce of duapång. Cor:fiaoÍng the obssrvatione of Perrn¿n ard

llattsson (lggo), DuthÍe ancl ffc!(ellsr èid. not find. any errld.ence of

raoro rapfd. gastric emptying iu the presence of d.unping.

In contrast to these finLÍngs, Cox ar¡ü. A1lan (lgAO) reported.

conplete stasis, dålatetion and. lack of peristalsåg of the g*str5"c

rennnntr d¡rsðe¡':n:m and. jejunuro in four patients ín rshon ðurping wa.r

*p*dur*d. by the partlcular fooô knorrn by the petlent to precåpitate

au attack. Two patients with less severe s¡nnptons showed" sinilsr but

lees nat ked rad.iolo,g:rca1 chan6os.

Realisir:g that ¡nost other workers had. reported. increased, motor

actlvlty in the small bo¡re] in the presence of s¡m¡rtorns of duroplng,

cox ancl A].]an (lgío) attributed. the &ïscrepancy to the way in nhiclr

d'unpirrg was ird.ucså. Tlh1]"e other investigators hsd. provoked. the

attacks nith þpertonic glucose, cox end. .allsri (1960) ueed. tnaf,ural

foodsf, for exanple, sweetene,â. eg6-f1ip. However, the results of
Jordanr Overton and. De Bakey (lglla), &fattsson et atíl (1g60) an)¿

liattsson anil Per¡¡an (19çz) were obtained. wåth a food. n:ixture of a

-...,,-^çt
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oóßposition sínilâr to that uÊed. by Cox end .¿l'I1an (t96O),

.&nother possiblê eïælana,tion Ís that since tox and. Al}an (1960)

screened. theÍr patients at regular inten¡als arid. on the first s¡auptaus

of a clurnpíng attackr the lnitial lqpennotilfty and. n¡sh of contrast

through the $nall borsel described. by fiattsson et a1ii (1960) nay

aLready have occurred. and. thus escaped. notiee. shis hypothesås

receives some support from tho marnonietrl'c stud.ies of Cbristoffersson,

Kor¡.enter arvl Kock UgeZ) d.emorrstratlqg abolition of all süell bowel

motor activity after a¡: iattlal peråoc1. of h¡rpennotility lastÍng fron

2 la 8 ¡aLnnrtes.

Of the radiological techniques avaílable for the strrd"y of gastro*

lntestinal motility, orr,ly cinerad.iography corabLnes the opportunity for
prolongecl obeervation with avaLlabil-ity of pennanent record.s for later
analysis. However, although feaslble for nany years, cinerad.iog,rra.phy

could. be used. orùy for ani-nal work (Gianturco and..Àrvareø, 1)JZ) until
the recent development of x-ray image intensification, rmage

i.ntensificatåon reduces the amounù of surfacs ra.d.iation received. by the

patient ôuning the exposune of the cine fil¡o to the or.d.er of 2O r/min,
(i,ir¡eaanr, !,{attsson ard pernon, 1g5s) or 2.5 **/mín. (fexter, 1g61)

deperd.f.ng on the t¡¡pe of T-ray plant, the filter and. the fil¡n used.

Ïn the fåe1d. of gastro-enterology, X-ray cine filss h¿tve been used.

to stud.y t'tre fïnctioa of the oesopha€us (Vantrappen, Lie::rer., Ikeye,

Texter and. Barborka, 1958; vantrappen, Texier, Berrborka and. vand.en-

broucke, f96O), the bilia:1y tract (Caroli, porcher, pequígnot and

Delattre, 1960), the stonach, and. the snall and. large intestiÐe.

:r'
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Líljedahl et ålii (lgSg) d.escribeil the radiologice] appearê¡1ceg

of the slì1n1L bo',vel in 11 persons before and^ af,ter the ad:nirristratioyt

of dnrgs enha:rcfng motirity. Anotirer group of sweclish v¿orkers ,
ifallensten, Ga:rsten, Jonson and. $alts¡¡aa (tgfg) strrd.ierl the aetåvity
of the saall bor¡ei after partial gastrectomy" They founil hypermotilåty

of the s:xel1 boy¡el durtng glucose-ånduced. attacks of druapingr ånd

clllfuned gooû correl¿tion between the d.egreo of h¡rpe:motility and. tÌ¡o

severity of the attack. Iiljed.ahl, Ilattsson, Pernolv e.nd. '¡'fallensten

(lgSg) show*d' that rapíd. snall borael transit was a ct¡aracteristic

raålologieal featr¡Ee ån patients proræ to dulupíng even when the

exa,nl-nation w¿rs naåe w:ith the patient supine ard. no attenpt r¡as mêd"e to
pluvoke a¡¡ attack. They also re¡¡ürked. on jjhs d.evelopnent of a rrpyloric

sphlncteI. substitr¡te't a.fter a Billroth I gastrectomy and contrasted.

th:is with the abssnce of a closir.r*g nechar:1sn and. the resultant rapid.

gastric enpt¡nirrg seen after ths gilt¡pf,þ II operation.

The d.evelopnent of a closing mechanisn forloroiqg partia-l

$astrectomy nith jejunal transplantation was d.escrÍberi. by l{ed.ensted.t,

tiliedahl and. Ì,{attsson (1g61). Tbe new rsphincterr appeared. at the
site of the gastro-jejunal a¡restonosis. ?he t¡ansport of contrast
meùium thr-or:gb tbe s¡n411 bo¡vel was d.escribed. as I slightly liveli-erl
in patients who e4perieneecl d.umping after this particular operation
than i.n those who ðid. not.

Rothni.e, Kemp.-Har¡rer arrd 0atchpole ( 196Ð conbined. the use of
fluonoscopy, seråa1 spot filns and. cirpra.d.iogrephy in an investigation
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of the reb¡rn of the motility of the stoneÆh and. en¿rJ.} bowel after

abdomin¡ll si¡rgstyr They founri that both nlxin6 and" perists.ltío

actlvity rrs.s preÊent in the upper sna.ll intestíne within 24 hour.s

ard' that neíther surgical vagotomy nor surgícal proeecluree d.ir.ectly

involvÍng the stomach influenced. the rate of return of notor actÌv*.ty.

Although røllologica[ teehn:ïques ennble observation of the

behavåour of the gut under physiologÍca-1 cclnciitíons, they have es¡:le

d.igtinct d j.aa.åvant*.gsri r

Irírstlyr as alread.y mentioned., even with nod.orn eclulplaent tha

tf¡ae of obsertation ia lìni ted by the anount of rad"iatíon ths patient

receiveso

Soeorully, even rvhen permarænt recorüe are obtair:ed. - for instance

d.uring cirre¡ad.iogrephy - the analysis of the recorvls is 1argely

corfined. ùo a subjectåve inpression of tlie d.egree of notílíty present.

rB11e1r ¡ proferably ôual- read.ings by e4perienccd ra,åiologists r¡ill
¡tduce the enor, but the opinlons 6lven niust by nocessÍty stilL be

subjectíve 
"

Thirtlly, unless trar¡sit tines to set levels of the íntestinÊ sre

dsten¡ir¡ed., there ís no baeis for comparÍson of results of <Liffer.ent

Broupa of woFkers. However, transit times ero orr-Ly a gross ilrrlica'blon

of 6ut notillt¡r, anè variy consi-derably erven in no¡mal. subjeets (Kírstr,

1956). Ðåfferences between the results of trvo authors nay alsc be ôue

to the nature of the contrest ¡ned.iu¡r useå in each partlcular stuåy,

Klnsh (lgSç) fourf. that sna1l bowel traru¡Ít was fastçr for non-
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floccuLeting contråEt thÊ,n for the stand.a¡yt floceule*ång bariu:l

su8pensionsr and lfattsson of elíå (tggO) cleLEed. a ¡noÏ1e r.apåel transit

when a food-barl.r:m måxture sra,$ subs'bÍtuted. for oonventional cr"¡y:.trast

media.

-ÇgM*Ëþr{åes
Ïnportetrt, info¡sratíon should. be obtairæd. fÞon racti.ologieal rnÊthod.s

when thoy ere used tn conbinatien ç'ith pressure record.5.rrg frorn the gut.

For i¡¡etance, 1f d,ur{ng manometri.e pressure record.ings the bovrel J-n the

reglon of the recorùing d.evice ie vierraJ-ineû by neÉüts of contra.st

fJuoroscopy or cinere.d.iogaphlr íi sbould. bo possíbLe to interpret the

reoordeð wave patterns in terres of fr¡nction such as propulsion ar,rl

eeBlentatåon

Bhere are fer¡ reports of investÍ.gations in ¡rhj-ch the co¡ubined

techrúque has been applÍ.ed. to tl¡e .s tud.y of the motor activlty of ttre

ðlgeotive tract. lhe physlolagy of the oesophageal contractiol:s arrrJ

the closing necliards¡;¡e at the gastro-cesophageal junctl.on y,'ere

oLarffled. by Vantrappen aril hie colleagues (VantraS,pen et ali¿, $Sg;
vantreppen et e1i1, 1960). rorber ard. Shey (195¿e) frwestigateê thqr

effect of posture, barium irgestic,n a¡rd air ineuffle,ti.on on the lntra-
gaetric pressure. Ohapman a¡f' Pa,lazzo (t9t9) conrblnecl balloon lq1mo-

æêplly a¡d. fluoroscCIpy a¡aå d"esc¡'ibed. the propulsf.ve and. non-propulsLve

weve patte¡'ns of the enall l"ntestir€. h.cpnl.eion was ss.i-d. to be

assoeieted. ïrith tal.l sustalned. wâves lasting longer tþ,an 2 rqírr¡tes

al-though. the authors later steteð that no contractiona of this d.uration

appeared. rlurlng tlre fluorosco¡rie obeenrations "
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srafth, !e;cter, stici<ley ard. Barborka (1!gf ) stud.led tlie effeet of
e¡ a.cid bariusl euaperxåcn on gastro-duod.enal ruotor activity in patie¡ts
mitlr poptåc ttlceratior¡ an¿ in norual controls. They slior.red that
aLthough basal actfvity was sl-uirar i¡r both groups, ångeståon of tl:e
acid- eontrast merlium carrsed. a gree,ter íncreese ån motiltty in patÍents

ç"íth ectíve ulcer¿tion than in the control group. The ineroase ån

actfvity was greetest r¡bern ulcer t¡4pe d.ístres$ r,vâ,s produeecl"

The conbinod technique has also been ueed to inrres.bigete gasd.ro-

lntestlnel funation after partial gastrectoriy. Jordan, Berton ard,

Wi].]-iamson (1957b) stud.ied. À6 patients in the seco¡¡l post*oporative

veokr although red'ío]"ogy and, pressure reec¡*i.ng rras d,or¡e elnultaneously

1n only two. They four¡d, no correlation betwoen the rate of gastråc

enpt¡ning a¡å the degree of gastr.åc notllity and. oonsid.erecl that tl¡s
gastrd-c re¡nnant enrptied 1arge3.y bec¡¡use of the effect of gravity.
They ctenonstrated. that gastrtc enrptying w'es significantly mor.e rapi.rl

eJter e gastro-;iejunal anesto¡nosis tiian afte¡ a gastro-duoderral o¡æ.

Glazebrook and. iferbourn ('tgzz) repro&.rcecl ðunplng *n 3 of zj
patlents after gast}ectony by clistension of the jejun:n with a belloon.
Tl'cis nanoeuvre resu1ted. ín increased sna,lI bo$e]. rootilåty, although it
night not be valÍd to d.rav¡ conclusio¡:,s frcn thi.s stud.y, becauso

rlístension of the gut to the point of obstn¡ctj-on nornially lea¿s to
inereased notility proxiroal to the obstrr.rctlon lvhen dumpír:g was

ir¡luced by Jejur,al ånstiuatlon of h¡rpertonic grtrcose, iri.croased.

notilÍty again resulted. ard. the change could, bo revarsecì by the
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fr¡stûllation of tap water. lìodåologicalJ"y the Íncreesed motor

ectivS'ty ïrûs reflee{.ed. in rvfalent peristalsisi Ts:ith rapld. smal1 bonel.

tra¡rsÍt" JejunEr-l d.ilatatioll prås not seen. Ponta- and hexç¡neth*nlun

bronåde, whích normally d.epress nrotiri.ty, prevented. h¡permotåråty and.

the onset of dtxtpíng when gJ.verr before the h¡pertonic glucooe solution,

These restrlts terd to ineri-sln¿te h¡perxnotillty as e, e&usative faetor
ln tho preiductíon of d.urnpirr$ s¡mptonns, but one espect of Êlauebrook

ard' Yfelbournr s (tgSz) work ås cpen to orl"tioLsn. Ðumping was irduced.

Ln a1l tlre patients gÍven h¡çertonic glucose I thus there $r&s no way of
comparin6 the ¡aotsr actlvf.ty clur.ing axr attack of cluraping w"lth tt:e

ro8ponse of the enall bowel to glucose ln tho absence of oSanptorus of
duipi.ng. On the other hand., it ebould. be renre¡¡bereå that the rsdåo-

loglcar firdíngs of Glazebrook aryl Felbourn (1952) recelve support by

aome later wsrk (Hatterueten et alií, 195g).

The conbLned. method. has also been used. to stud,y the motålity of
the colon. chzud.ha,ry ard. Trt-erove (tgcla) publfsherl a prelÍ.rnína4r

reFo¡"t on the sLmultausous use of intra-Iumínel pïEssure tracings qr.,t

clnerqdlography. lhe presence of a wave on the tracing wag assoeÍeted.

wl"th ¡nove¡nsnt of the coron in the vicLnity of ttre record.f-ng tlp; the

hlgher the weve the more pronouneed. wae the movernent. Blg waves were

associated" yr:ith propurslon of bon'er eontents. rn a later repor.b

Fåtchie, .A*dram ard. Tn¡e1ove ( 1962) enlarged on these fird.inga and.

subnltted- a classtficetion of the various t¡rpes of motor activ1ty seen

ln the colon togetber wltb a d.iscussíon of theír physiolo6Íca1.

aågui-fieance.
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This netbod. of studyång ini;estinal motor actlvity has been widely

useå i-n anirner.l wort (l*itton and. $raith, 195(ri Ho1.ed.ay, llolk an¿},fanr1e1l,

1958; Ðani.el, Carlcw, Hachter, Sutherla¡d. and. Bo6oeh, 1g5g), ad it ís

of f\rrsleüental impeirtence in ellowing motílåty to be stud.led. by a

ðiffeererit approach" It providea ånfloxmatÍan about the electråcat

evente whích preced.e a¡d. coår¡eide with the contractåon of smooth nusele

cella rather thatr about the pressur€ ehanges shich result frcrn thås

contracticn as manomet:*ic stud,iee d.o. Its application to man h** uo

far been rather låmited, although sû¡ciJ.es heve been performed. on the

o4posecl 6ut dur"tng laparotorny ($ar:iel et ali1 , 1g5g) and also on the

smal-l bowel Ln åts natural state (corcher, 6ood.¡uan ard. Katz, 1g59¡

Daniel, Honour arid. üogoch, 196A)"

Ifiltor: ard $nÍth (ßfA), working with exteriorised. snall bovæl

loops 1n d.ogs, d.escribed. two kind.s of el-ectric potentiala; a sror¡

trave-låke reguler potentåal anå a rapiê spike potential. l-,{ilton ard.

Smtth (lgSC) were pa:'ticularly ínteresteè j-n tlre nature ard origS.n of

the slow potentiat nhåch, as they observed, occumed. at a fester rate

1n the cruoc.er¡unr then ån the ile¡¡¡¿. rhey showeê, that if the gut was

clanrped. tnansvereely or if ning Ínfiltretion with a locat anaesthetio

was performed., the rate of the slovr potentÍals decreased. d.ietal to this
nf\rnctiona,l blockr. TkLs, in theír opÍnion, supported. the concept of

e P¿tce"{nrrlçer area of the snal-l bowel, probably located. in the duorl.enun

in the reg:ion of the empulla of vater. 'rhe pace-naker was thought to

cont¡ìÞl the frequency of the r*rythmicat contrections of the sma].l bowel'
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although ectcpic foci could. easily be proùuced" by the local epplise.tion

of heat to the duod.enal. I'rel.l et arry J.evel.

Holaday et alii (tg¡g) T,rore of a d.ifferent oplnion ægardir:g the

ox{.gin of rhythnicity in t}:e sma}I bowel. In a.d.d.ition to anina.l work,

they descråbed. a netk¡oê euitable for. electrorn¡¡ogrsptqf of *he intestir¡s

in unanaesthetfsed. l:u¡lane. By secuntng unlpolar eleetrocles to ths

surface of ba-lIoo¡re attached. to a d.c'uble Lu¡neyr tube¡ the¡r were able to

nqke eùrultaneous rocord;ir:gs of el.ectrice-l aetívity ard. Íntra-lu¡¡rinal

preß$ur€ fluetuations, The recorr*lngs were said. to have been succese-

f\rl althou6h r:one were publíshed. lloladay ct aJ.åi (lgfï) a6reed. on the

t¡vo basic fiçes of electríeel a.ctivi"ty, tJre slow regular fl-ucluatåons

ard. the rapi.d. spike potentíalo. fn exteriorlsed. bowel loops the latter
were invariably accompanied. by vLsible contractíons and. were thus actÍon

potentials of the n¡uscle fibres. They were eu¿pnented. by d.rugs known to

lncrease åntestína"l notility such as acetylcholír¡e ard. Prostignine qrol.

abolished. by atropíæ a¡d. Banthj.ne, both knowr¡ clepressants of intestin.eS

notor activity" Action potentials r¿Êre not eeen when the torüs of the

bowel v¡as re;i.sed. by morpl::i.no, provid;ing that the ton¡s rise v¿ae not

accompaniecl by contractíons.

The 1or'¡ potentials, Holeday et ¿¿lii (lgyg) postulatcd., represonted.

cyolic alteratlons ín the resting potential of the s¡ßooth rnusele fibres

rendering these a-lternati-vely exeitable anl ref'raetory. firoy rvei"e thus

considered. to or{ginete in the muscle fibres themselves ar¡i. as ex¡:octed.,

were not affected. by drags. Holaclay anå his col.leagues (tg58) believed

95
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that the capabil:lty of attering tts state sf electricsl excj-tabå1i.f;y

was ånhcrent in eaelr snooth muecle fibre, arxl hence d"isagreed wittr

the cancept of â pace<nalcer controlling ilre rfurthmícity of suall

borel novenonts. Fo¿'noover¡eRts ræce.ssj-tating the participation of a

n¡¡¡rber of borvol segmonts si¡rul'baneously or ín rapid successj-on, such

as the peristaltåc rush and. gastro-coric reflex, they postr.rle*ted. e,

neche.ruis:n subserv:ing the coord.ination of naultiple s*gment,s. They

auggestetl., that the extrinsåc ne¡rre supply af the boc¡el togethor wlth

the intra-mural ¡¡}*:er¡ses of .¡lue¡ùach and. lr{eisnffrr assruled. thie f\¡nctÍon,

partíeulanJ.y aa tl:ey coulcl show that intra-arterial procain* rvhich

bl"oclced. the ini;ra*¡iluc'€¿1 plexuses l.ed. to a rlisrrrptíon of coordí¡ri¡*eð

movenents vithout affectlng rh¡dlimic contractåor¡s. Thus, Hot,eÆ.ay et

8J.1i (1958) concJ.udeû thnt one mechar$-sn, proba'b1y ínherent Ín si:rooth

nuscle ¡ Trâs respon.sible for rhythmic contractions anÕ ar¡other gove:r:ed.

coord.inated. actåvity.

Da¡riet et alÍi (lgSg) accepted the concept of e, pace-nnaleer in tha

duoðerriuo, but consicle::ed. that the slow potentials v¡er¿ untler the

control of a pace-naker orrly in the upper part of the enall bo¡veL.

They confirmed. the finling of Holad.e.y et arii (tgfg) that rapåd spike

potentials only occursed. shen the gut v¡as d.er¡onstrably actÍve.

fn sunnar¡r thenn åt appears that the slo¡t potentåals represeirt

fluctuations ín the resting poientials of snooth nuscle cells, flhether

e pace-naker exerts erÐ' inf]-uence on the rate'of ürese cyc].ic

fluctuatior¡s or not re¡nains a n¿tter of at.6ument. There seerÂs, honever,

-'... _-¡3-r?FEæ
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to be no ¿oubt that spålce potentiaJ.s repnesent ¡$uscr¡lar activit¡r,

whether they originate in the longituclínal ¡nusele or ín tire uyenteri"e

plexus (oanter et aL'ii ,'1959). .as the action potentiats a$o

presumably governed. by the slov wave,g ar¡d. occur only in the relatÍvely
posítive phases of the slor'¡ waves, and. as the snooth nuse.Le ås

probaï:ly ålr itself ca¡:able of alte¿.iqg its state of exoitabillty
(uotaaay et alåi, 1958), it seens låkely that action pote:rtfals d.o

or'Ì-ginate í¡r the muscle cells. The rcle of the intra-ïÌur¿l plexusas

end. the extri&sic ne¡¡re ouppl,y ås ¡nost likely that of a coorrlinatÍng

nechanisni for ¡notor actåvlty involvlng the integrated. action of

nultiple borvel segnent.s, although surgical vagotony d.oes not alter
tho electromyogrephÍc pat'bern of the sma:ll intestine (Coloirer et alii,
1g5g ).

6. Mlseell¡rneous

The extensive Literatr.ræ concenúng åå vílrËg st'¡d.åes of motility
ad. strldles oR eqperi^raenteJ. ardrrale will not be reviev¡ed. in d.etail,

J* g43Ë9 st;r¡dåes usíng åsolateit htuoan ínteetir¡s (Streeten, Hirschonitz,

Herrley and. Poll.ard. t 1g57 ¡ l'ishlocrç and. parks t 1g63) *nd anirnal

lntestirre (Koe1le, Koelle ard. Frled"enwald, 1g5a) irave provi.åed.

lnfornation al¡out the effects on notílity of acetylcholine (f'íst*ocf
ard Parks, 1963), cholir:estera.se inh:i.bttors (Kce11e et al1i, 1g5A),

mrad.renaline, hista¡riræ r erd serotorún !-hydroxytrxrytanine (ntsnoc*

anrl Perks , 1963) an¿ e.ff'erent and. efferent vagal sti¡ûuIatåon (Harper,

57
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Itldd. ard $er¿*tel:erd. , 1959). Tg Jilgg work has etso clsrif iecl tho

l.at¡"ir:slc refle:r arc Trhich ned.Íates the peristaltic reflex (ntttUring,

Lin and. schofield., 1958) ar.ô iq vítrq stud.les led .alva¡es (tgil+, 1g1g)

to po.*tui-ete the $resence of a metabolfc grarlient as tho cause of

peristalsis,

þ vivg en:i¡lra¿ sti,¡d.ioe have been und.ertalcen to olucÍd.ate the

effect of ind.uceü lçrperthyec¡id.ism (l'o.bten and. 6artson, 1)jzi Fetter,

Berron a¡!å. c&rlsanr TIJI) an¿ of surgåeal vagotomy ([turen, 1g56) ou

gastz'o-intestinÐ"1 rnotilÍty, Refcl., Ivy ard Ouígley (l%¿n) used. a

atnpre but 5.ngentcusLy d.eviseð rspíral borust or t6moneterÊ to prove

that, at least ån tha d.og, propulsio¡r along thCI snal.l intesti"ne Ìrss

alvrays associated. raith counter-cl_oclcnåse rotatj.on.

the¡e are four nethod.s of strrð¡nir:€ hrrnan gastro-lntestinBt

nrotilåty (apart fro¡¿ those deser{.bed in sectiong 1 ta j of this

chapter) v¡hioh s^re no longer in use, but nevertheless merit a bråef

commentanXr.

The a'd.vanees in the clesign of exterreal' pressure trans.åucers led.

to the developnent of minÍs,ture electric ar¡ct. electronagretic traneducers

for use in the lunen of the intestine (aotottn i{artline, He:r".roy,

IngeMingero Raæson ard, Zeize1, 19t¡3¡ Quigtey, Brndy, HcKay,

lardolåna awJ. ]ícålister, 1g5ot Híghtower, 19|¡z). These en,-ioyed. a

short vogue but tho technícal pnoblems of euBpl¡ning electricel onergy

through a. swallowod. cable prevented. flreÍr genoral uso.

Faffar and. Ingelfír€er (tgZS) maðe a stuily of gastro*intestin¿l

a
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patíenta and. rr:cord.ing the soun¿s predueerd. in the *stsmach and. intestine

on uragnetic tcçê" This nÊethod. led to the i-ntrod.pction of a nstv

clas$ificatåon¡ instead. of refemlrrg to e¡aves of t¡pes I, II and. IT1.,

F.e-rrar and. Tnge).J'inger (lgfS) nolr spoke of ttsteccato popsrt, rtnuaåc&l

pírrgsF and. rf$*årïe* of popsn" However, síüse eounC.s ar6 prod.uec;d by

corrts'aetiono orr1y if' the intestine eontaåns gas, the ¡¡ethod. s¡as r:ot

eccurer.te enou¿ih to r'¡arrant further developarent.

lfcngern Engel, tlenens anÄ Cul-}en (1961 ) fet thoJ.r patienta

er¡eJ.l.ov¡ a sneJ.J" raa6netie rod, fhe esr:tnactj.ons of the stcns,eh czused.

changern ån pesítåon of the rod. v¡'hích were d.etecteå by a magneto.+coter

outsåd.e the b*d-y and recoråed. fhe sensitivíty of the equipmerrt was

hågh o":*d. noçon€;nts of less than ore d"ogree could. be cletected"; however,

the amplltud"e af the eontracti.or:s cou.rd. not be neasured. ^Although

not su:its,ble fcr usa ín the s'¡rs.Il boçel, thie ¡oethod. eppesr's to be

g.uíte a sensJ-tive índ.icator of gastrÍc rnotor actår'ity whiciin beca¡¡¡e

of the lorv p::essures genêrated., is d.iffisult to &E$ess by moro

cor:ventionsl nee,ne.

DLrect ol¡ssr¡,'ation is the slnplest a¡d .easÍest methoð. of assess-

lng the motílåty of the gut. However, objectlve neasu¡:e¡ûents ccrrmot

be ¡n{id.s by this methcil a'l one. fts applicabllåiy to unanae sthetl.sed.

hu¡lan beå4gs ls obviouely lÍmited ar"xl abserî¡ation of the gut at

laparctcrny te]ls us l.íttle about no¡rnal l¡owel function. In anixals,

hoirever, dårect observatåon of exteric¡.åsed. intestinal loops csr¡r be
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conbir.srl with pho'Logrephíc reeord.fr:,g (nait, Gr5-rd].ay and Ìrfann, 19501.

l'treeks (tgø) troa the opporturrlty of st'.rd¡rrrg a wounded..Arab

sel.ilieir 1n Yrhon trro loops of ileum, the t¡¡"ansverse arcil si6nold. colon

anå a subsequerit eolostcmy were vJ"sl.b1e. Tfeeks observed. the reactåon

of the t¡owel to v¿rríous d.nrgsr 3"oeal stiuiulatåon and. changos ín tb,o

pa,tåeritr ri me¡rto-l attitude.

ProJ.or¡ged. nigrnoådoscopíc observations of the r¿otor actlvity,
vasr;uls.x'åty ar:rd. nee¡etion of the eolon were ¡nad.e by .åJ-rry ard. his co-

wörk€,x"s (ru*y arrJ. TuLín, 19t*li aJ-uy, Hi¡ùle, Borle and. Kern, 19hgb;

A.l.myu Kera anê Tulån, 19ü9æi Alny, 1951), They were particulerly

Lnte¡,:eeteð. in the responÊe of the colon to stress zuch as cor¡fj-ict-

produeíng interr¡åews, Smnersíon of the hand. in ice water, on head.acire

lr¡d.uced. by a head.band., Such neasures ißlueeü spaan of the signoid

colo¡r in all of * group of seven nos¡oal vol.unteers (*:ny a¡r} Tulin,
1987)" tater the etud.y wes extend.ed. to inelud.e J9 patients wÍth

spaståe conetipatf.on (AJ-my et a-1ii t 1g$9b) anð j9 normal subjects

(¡¡oy et a1ii, 19¿¡9a). In both of these studies balloon þuograpþ
wee us*d, aa an ano1l1arry in the assessment of notiiity. Increased.

notÍlåty urd.er stress was found. in a proportion of the subjeete in
both. gx"oups but conparison ís rûad"e itlfficult by the urrequal and often

snall rR¿nbers subjecteê to the var{.ous kir¡1s of stress. A furtber sinilar
stud.y v¡as un¿erteken in lgjl (a:-uy, 1g51)" As a resurt of these

inves'cígatíonE .ûlny ar.d. his aesociatos msd.e the fol].ow'ång conclug1ons.

1. Eoth in heelthy persons and. Ln patients w:ith spaoti.o
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oonstfpatfon the nature of the reaction to æqperåmentelly

ir:d.uced. stress is the se,ne. [he d.ifference between t?rs

two groups Ls in the rte6ree of reac*;lvity, patåentr wf.th

oolor¡1c s¡æptcn..l reacting more easlþ because of a

rlifference tn personality (¿f*y et aliin 1949¡),

2. PatÍents rittr spastlc canstipatlon are tense ar¡d. ¡Èact

to atr€ss rrith hostllity, aggrrcosion and. sf.gnoirl spas¡nr

In contrest, patlonts with functional d.ia¡.rhoea anre

. soft-spoken rrith superficial ettl-tud.es of gullt, a sense

of personal inadequacy ad. ¡eôuced. colonlc notfllty
(årry, 1951).

3. Functione.l colorrtc diso:d.ers are thus no more a disease

of the colon the"n bl-ushín6 is a d:isea^se of the skLn

(*:xy', 1951).

Hov'ever, altirough ålny ard his associates cffit.ierL out their

experiments with great persístence and. iryern:íty, thoir reeults are

nainly presented. ån the way of lsolated illustratlve case neports.

llost of thelr nea$urenents were subjective ard. the bal-loon stud.les

ars inarleouate, beceuse only one belLoon was used. s¡d. Ro attennpt wes

msd.e to quantÍtats the total duretion of activåty. Furthenrore, the

¡!Ð:ner by which they produced. stress seens far removed. fron natural

8tre"ss, though it must be conced.ed that it is probably i.nrpossible to

quantit.ate stress a¡rd often ðåfficult to juôge åts presenco.

Herar enå PolonÊtcy (1950) ard. ller¡er, Morton a¡d. Polor*slry US!Z)
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ma¿e prolCInged obser¡ratiçnß on tnÐ patient ifith uleeratíve colltís

r¡ho haå hed. a eolostoray. fhey attempteê to comalate t]re vascul.arS.ty

e¡ri notållty of the colon'¡rith the emotional state of the patient.

They obse¡ved. theår patient bo*h before ard. a.fter a surgical vagotomy

had. been perfonaad for the &ises.se, ard. fo¡rn1 that the ree,etion of

the colon to emotions w&s simi.lar ín both i¡$*ar¡ces, 'lbhough the

d.egree of nucosal vascular reectíon was sc¡lrewhat reciuced"'a.ftar

va.gotomy. Suppor.ling á,Lnry (f gSl ), Tferrer and. polonslqy (1g5O) found.

that feelirlgs of reeent¡ûont an*. hoetlltty ln thelr pe*ient were

generally associateê r¿ith ir¡sr€aeeä motility. Howevern whereas Afrny

ard- fulin (19¿rt) notecl or-1y lncr.æased. noti1ity unåer cond"itío¡rs of

painful stress, 'l?ener ard. Polori"ery (1950) obsen¡ed. recruced. notå}ity.

A nodåflcatíon of d.irect obsenration r.¡as empS.oyed. by 3'aik et a,1ii

(tyEO) rsho stud"ied. the effect of vagotorny on ss¡a].l bowel activity in
dogs. they recorâ.eð photographÍcally the movemsnts of exteriorissd.

l"oops of duoder:r¡¡o¡ jejun"rn and ileun for three montha before ard ej:c

nonths after tbe d.ogo had been subnitted to srirgical vagotony. They

fourd' that vagal section aboLished, tho nonnal. increase in motílåty

brought on by the si6ht ard. smell of food. though not the inerease Ín
notllf ty in response to feed.i.ng, Furthersore, peristaltíc w&ves rrera

fewer a¡rt of saller enrplituôe after vagotony. fhou6h havin6 the

attraction for pe:me.nent objective reeord.s, this netl¡od. is for obvíous

rêasona ¡¡est¡Écted. to aninal uorlc, and. it seens unllkely that direct
obse¡rration will be of practice.l. va-lue in the stud,y of hu¡na¡r in'ceistiaal

notLLlty.
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7. -9ws+tg
It has been shor¡n that a great rn¡nber of nethof,s have boen applåed.

to the study oifl intestinal ¡uotor ftnetlon ån rnar¡. Ðireat obseivatåon

sf the 6ut, lar6e ar¡c1 sual.l belJ-oons, ingeetíbls elect¡dseJ" tran#clucers,

eLectronyography, rnicrophones attached. to the abr!¡mj"nal wall, catl"reters,

ra&iology anô rad.íotel-eneterir:g caSlsulss have all been employed. to

furnish i.r¡fonuation about the motor fl¿notion of the iligestive tract.

l,fany of these methods are now of.ìristorics.L iirterest orrly, rendered"

obsolete by ttre progress in ned.5.cal physlcs. those that xe¡nsån ån

use B.L1 heve their ljmitatíor¡s which rnust be clearly appreclated if

¡eli"able info:mstion is to be gained..

Âa large as the ru.u?ber of nethod"s that heve been used. ís the

ffeld. to rvhlch they have been applied.. LrÍotility has been investigated.

ln corditions sucli as peptic ulceration, ådíopathíc ard. tropS-cal spt¡ret

coellac clisease, rnucoviscj"closis, ulcerative colitls, con6enitaJ- &ega-

colon ar.¡å. the i¡ritable colon synrlronne" The offect of drugs such as

morphine, atropine, ad.rena-lÍrre, prostignine, necholylr probanthkie t

5-l1yûroxyürypteníræ ard. plaeebos has been stuùieè, $o has the

respoìlse of the gut to food.n sleep, pain anrl emotj.onel upsets; also

alteratisns in rnotor fl.lnction follorning v agotony, splanchnie ¡¡e.section

arrl partf.al gastr*ctomy.

In *pite of the ti¡ne a¡r8" effort spont in theso sà;ðies a¡v} the

mass of d.ata accumulste¿ by a large r¿¡nbor of 'sorkers, our progress in

the unfr.clrstand.ing of tire motor function of the gut h*s been disoppoånt-



tngly slow. A1rear3y ín 1898 Gdltzner forecast that tlnarryr a flash

rr¡ust co¡ttÐ fron ths Rllntgen tube before the nonnal ¡novanent of tåre

lntestínal contents is naôe entirely c1eâ.r by this ¡lethod,tr, Pen¡sa1

of somo of the moro recent reviews of åntestinal notílity rCIveels

that G¡'íltsr¡erf s foeJ"íngs are stlil echoed by wor.kers 1n ttris field.

(Coae, Håghtone¡r ar¡l MorJ-ock, 1952¡ Chaudhary a¡d. Truelove, 1g61ai

Conneli., 1J61a3 Texter, 1963).

To ¡nalce further progrese in the fielå of integtinar notility,
the folloling poínts æed. consíderstíon:

Firstly, the sls.ssifLcation and. a^natysis of pros$ure waveg must

be un:åfr¡r*n if comparison betc¡een the results of ðåfferent workers is
to be possible" reinpleton and. Lawson (lgll ) clessified. ths weves

recorrled. from the large íntestine of the d.og 5.nto t¡çes T, II ard.

tonus changes. shis d.ivision r¡as later wtapted. for work in na:i by

Atller, Atkingon and. rvy (rg]+r), tne tor:us clian€a beírg ça]]¿{ f,y'ps

IfI. Irater t¡pe IV naves y¡ere d,escribe¡l both in the enâ.lI bonel

(CoAe et a15.1, 1957) end. la.rge borvel (Spriggs et a1ií , 19b1; Kern

of alii, 1951). The cLassification of waves ha^s been d.orn by

J'tæpectfon of pressure trecings obtained. ¡ni.th w:iðery d.ifferent

tec*"rniques, arrl åt is therefore not sur¡rrlsing tl¡at the cheracter-

lstics of saves of t¡¡pes I to IV d.iffer r:rarkeclIy f,rora orre author to
the next. rt ås now genelally agreed. tbat elthough it is frequentry
possible to recogníse 'waves corres¡rorrlång to t¡rpes r, rr ard. rrr
r:espectively, accurate creseificatlon of all rreves is not possibr-e

(Devid.sôn et alii , 1jJ6bi Cha,udåarXr and. T:¡.rel ave, 1g61bi Barbero et

6t+
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a.Lii, 1958¡ !'s.rrar ar¡d. Berr:'steån, 1958; Conrrell , 1962). The orrly

objective way af arla3.ysís is to measu;€ the amplituôe end. d.uration of

aLl- waves and. to plot theír clistribution accord.ing to these character-

Lgtics"

Secord,ly, infoumation íg neeåed. on proble¡s't of fund.sltrental

lrnportoncei ryhat seletåonshåp d.o clranges ån intra-luminal pressu¡€

recorrleð a.s Ìra,ves bear to raotilit¡r of the bowel?; can the funetion of

a. wave in teæns of propulsion, níxir:g etc. be inferued. from its þno-

grapbÍc appeerar:ce?; a¡rå. Ís movement of tire bowel contents depend.et:t

not so mueh on the strength and. duration of a contraction as on the

resietance offered by adjaeent segnents of the gut?

To these questiona we tiave as yet no val.íd ansyrers. In the past

the assigrment of function to the various warre fc¡nns has cotrc largely

frou tbe observation of e:qpulslon of faeces or flatus through artíficial

stomas (Posey et alil , 19t+8) and is therefore of lj¡rited. va1ue.

Recently, corel.ative cinerari:iographic and. nano¡aetris sùrd,ies of

colonic motility have been dons (Chaudhary ar¡d 'fn¡elove, 1961Ai

Rltchis et alii, 1962) Uut the technique hes not yet been applied. to

the $nal1 bos.¡el. l1¡1th the exceptlon of Chapnan ard. Palazzots (t949)

work, already ô:iscussed. ín Chapter 1I (¿+), no ånfo¿anation basod. on

co$elative stuñies of motilÍþ of the $åa11 bowel ís avaålable in the

ltterature,

Thtrdly¡ the pattern of motility in noErnal subjects nust bo

establ{shed, ThÍs includ.es the raïrge of variation between clifferent
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eubjects as well. as the varåatlon in repeated. rocon€i.rgs d.one in tl're

l¡use person unrler åctentícal ccrnd.i.tions, As mentioned in thapt*r ïï

(e¡), un'bå1 recently most &e&su¡ìenents of pressure ciranges in the

inteetÍr¡e sr¡ere d¡rns with the ba-LloOn<rauometer syste,n. This, although

capable of ðetecting quatitative changes in ¡notilíty, lacks *ire

llnearity and. frerluency resporìse nece$,sa.ry for quantitatíve an*J.ysis of

tho data. thus at the present moment there aro in1y three quan*itative

rreportx of coloråe motor activity in nosmal subjeets: trvo concerniäg

children (Ðarrid"son et al-ii o 19'lrb; Iür¡¡ and. Barbero t 1963) and. crø

concernÍng aðulta (Chaud-hary aizt 'Isuelovo, lp6lbrerd.). In respect of

tha sma1l bowel, ånfo¿rcatio$ is oven mors neagre; the onJ.y quantitatLv+

arralysls deals with duodenal aetivity morrltored. tlrrough a siqgle

rocordi.ng tåp in chi,ld:ren (Barbero et alii, 1958).

I'ourthly, wJ-th respect to intra-luminal pressure reco:t1iugs, the

6reater pert of the intestj"ræ is still ågäæ åggg.g*Llg. lhås applles

particuS.erly to the lowe¡ s¡na1l bowel and" the prnx5-:ual colon vhich,

in the absenee of surgically ereated. stoinas, a*re praetically 5-naccess-

ll¡Le to pressure record.íng, TTj-th the íntroüuction of the rad.ío-

telenetering capsule, thls natter w'ill rro d.oubt be r.ectified..

.Attentisn to these four points is a prerecluísite for the stud.y of

prc'bler,ns sueh as the plrysåological f1¡nction of d.iffe¡ent wave forns,

the rels.tionshfp betwoen no'bility and. absorption, and the ch;rrlgeo in
notility in v¿råous d.isorrlers of the gut.
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egäqåe-gg. tl€ {nv-ç"eti,g+$Lqg

.trlteratåons in in*estlnal notlltty have been postrrLated" ån a

rmmber of a1.l:nentary d.isorc.1ers. Two of the üost cornnon of these

disordere arE the dumping s¡rrdrome follorrring gastríc surge¡y anô tho

årrítab1e ccl"on synlrome.

Ti:e early ôrunping syralrnme is one of, the most frequent and

trou?¡lesone ecnplicatåons of partial gastreetorqy, It is ¡nop¡ eomlnon

r¡i.th the Polya than the Billroth r t¡pe of anastomosis (Oapper a¡ð

l?ellrourn, 1955), Followíng gastric reeection most patients eryerj.ence

a sensatlon of abd.ominal fulh:ess after eating. This can be regard.eil

aa ptçrsÍologåeal" ard. tends to d.imirúsh ïlith tinre. However, in narryr

patlents tha ingestion of, sweet or liquid. foods is forlowed by a

eerrsatåon of abd.ominal f\rllness, ôronsiræss, weaknessr palpitatlons aryl

at'ieatin6. .Abd"omínal co1ic, borborygml and. e4plosive d.iarrhoea nay

also be present. fhese syraptoms constituta the early duanpår*g s¡rnclrono

whÍ.clr l.n one pertio:1ar stuðy was found. ín 1ffi of patients nho had had.

a Bfl]¡oth r partial gastrectouy and. in ztS ot patåents a,fter the

Polya operation (Capper and. Welbourn, 1955).

The lnportance of the dunpin6 syrrlrone is threa-fold.. Flrstly,
tlte subjecti"ve dj-sconfort makes the patient less satísfåed. with the

¡esult of a,n otherrrise suecossful operatíon. secordly, the s¡rmptons

nay be Beverû enouglr to d.ecrease his capacity for work; this e.speet ig
fi"igfily ¡elevant as Ín ma&y lnstanses the operation has been performed.

tc restors the earrring capacity of a patient d"lsabled. by persÍsteat
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r¡lcer paåno Thfud'ly, e re$trå,ctlon ín food. åntake mÐy bê serf*

fnposed. by the patíent Eith ruo,lerate oF sev6rê s¡nuptomo of èr::npång"

Consequently lús state of r¡¿tråtion, ro'lrich ís often impaåred. at the

tisa of operâ.tion¡ m&Jr not be co¡rected. and. may even d.eteriora.te

further. However, it shoulå bo emphasåsed. that although at times

sovere s¡mptoms persÍst 1on6ç eriough to rca.rrant operatåve reeonst¡rrct-

Lo¡r of the anastoraosls, thås ie tho exception, anrl in roost potåents

tha inte,nsity of the ðunping s¡nrlru¡ne crininishes wi*h tÍme"

The å¡ritable colon synrirone is åncther cor¡lition fn whl,el:

clieturbed. rootilåty has been csnsid.ered. of ìpFortanceo rhe torm

errbraces a rar¡aber of nanifesta*ions of colonic d.ysf\rnction in ç'I¡ich no

or6anic dåsease can be d"emonstrated.. fhe cord"ition ie cheracterÍseð

by ebd.ornínaL pain, constipatlon and. clla"¡rhoea, alor:e or in varioug

combinations. Idarry factors havo been thouglit i-nportant ín its
aetÍoIogru psychosonatic &isturbance (Kalser, zlon ard. Boelcus, 1g56)¡

previous baeilLary ani amoebic dysentery (crraud.hary and ?ruelave,

tg62); lntoreranse to specific food.s (l'nrelove and Re¡rrell, 1g6j);
prerrious abdomi.ns.r operations; and the administ¡€tion of broad.-

spectnr.n antil¡iotÍcs. (Kalser et slíi , 1g56). lhe irritable colsn
aynirome has many syltoÐaw r soiiile of nhích are ¡nucotrs colitie, spestic
corl"tis, colonic neurosfs, the unhappy colon, nerrous &ia^rrhoea and.

åyssyrergia of the colon. f'hese synæs¡as reflect the råd.e range of
sltnåce-l marrlfestations of the disord.er ar¡l the mar{y factors ryhich have

boen frnplåcated. in J.ts aetiolagy. .

Ït is d.ifrícult to cbtain an &ccilk-ate ìmpression of the prevalence
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of the lrrl"table colon s¡md.r'one as a d.efinltive diagnosis requÍres

conpleto exclusåon of organic aLi-mentarSr d.isease. Eherefore s, c¡ell-

ðocunented d"íagnosis lrill usually be road.e only ln those instances in

whích the s¡rnptcns âtre severe enough to nake eíther the patíent or

his nedíaaL ed.viser request a f\¡11 ðiagnostic sùrðy.

The work on whicb this thesis is based. concsrn^s a number of

ospecte of motållty fn health ard. disease;

the stud.y of nofility using intra*lunina1 prossare recortlings

and. cir¡era.diography, separately ard. together;

the quantitation of notlllty recorrlings by the neasurenent

of the ernplitud.e anå. duration of all waves, ancl the

caleuletion of the percentage mctor activity, the motålity

inlex, the ¡nean anplitud.e of wa.ves, the uea¿r duratåon of

Tlaves ard the ðlstribution of rÍaves on thre basis of anplåtud.e

ard. ôuration;

the stnðy of the range of ¡rotor activlty of tl¡e enall and. large

lntestino in no:mal subjects ard. the effect on motLlíty cf

enotion¡ food. and. Ilrcstlgnlæ;

tlre stud.y of the behevlou.r of the snal"l in'uestino in patients

t¡Ìro h¿rve undergone partial gastr.ectomy wi{:h pariiculee

¡efeser,ce to changes in motility during the d.unpirg syr:åro:ne;

?..-4':E?rytr-; -'rli ar.r.i +æFw
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the stud.y of motility of the'large intestine in patieni;s with

the lrnitr¿bl.e colon synd.rome ard. in patf"ents with a va^riety

of ùisee,ses e"ffecting the alÍrnenta:¡r tract;

tlie stud¡r of the mochanis¡r of constipatíon and" d.iamhoea;

tlie appJ-ication of radiotelemetering to the study of relatively
inaccessible parts of the Íntestine, in particuler the proximel

colon;

the co¡ltrelation of nave forrns in the rcotilLty tracings rv:íth

the appeaæance of the intestine at cineradiography.

rt is believed. that the results of these studies have mado a

oontri.buti.on to med.icar knowled.ge, par*icularly in the quantitativo

conparison of the motllity of the small lntestine in no¡ma1 subjects

ar¡l in petients follouing partÍal gastrectonny, tho behaviour of the

lerge bor'¡el in cor¡litions assoclated with d.iamhoea,, and. the coryel-
ation of intra-luninal Fressure recorrd.ings of the srnall intestine $ith
their cineradiograplr:lc counterparts. ..

Ï declare that this thesis ie ny own composition and. thet nor¡e

of the mato¡{.el oontaíned. in it ha.s beon subraitted for any other degree

or d.iploma in any Universityi
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In this study notíJ.5.ty of the Beâll and. large åntestine was

asserseð by tv*o aethod,s! by recorvling the intra-l.wrinal pilessur€

Ghe,ngÊs wíth ei,tl¡ar open erded catheters otr ¡ad.foteleneterårg capsuJ-es

or both of them; alld. by årnage inter,slfÍcation eånerad"Íograçhy. Ïn

nar4r of the experiurente pressure r€oortlírgs and. cinerad.iogreplty werc

used. simulta.noously.

1 o General llescriptlon

Fí6ure 2 shows d.iapanmatåcally the general amangement of tÏ:e

equípment that was used. for stud.¡ring rnottlity, Thæe open erded.

polythere catheters fÍI}ed. rvltl¡ normel saline trere placed. in the pe*t

of the intestira to be stud.íed., The cathetera '¡rere conræcted. to

Sta.than strain gauæs. The charrges Ín pres,qure withín the åntei"stine

rvere transnitted. by the salíne in the catheterr¡ to the traneducer

d"iaphragn of the strain geugeso The electråcaL cument inluced in

the straÍn gauges by the changes in pressure rva,s fed into a Grass four-

clrannol polygraph whe¡ç ít was anplåfieê a¡¡l.record.ed. by dírect

wrlting perr reco:r1ers. fhe fourth charme] of the polygraph was ei"ther

used, to an1rlåf,y qnd. reeord the output fron the radio-p1ll receiver or

to necoxd respiration. The pressr.rrc fluctuatlor¡s cou.ld. be no¡:Ítored"

through the polygraph with a cathode-ray oeeLl1oscope" A Piri-1ips 11

åneir cloeed-eircuåt television 5rnage intensifåer coupl.ed to a 35 n'*.

.Aæniflex ca!Ìiera rras used. for sigultaneous cí¡:er.ed.åographiy.

-,,.* - --: -,!.-ii-;r-- ;,.- -
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The cathcters useô to reco¡ü, lntraLunlnel prrrü¡¡nerln the snatl fntcrtl.rp.
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Lo Fæoord.i.ne Õatheters

In stnååc¡'s of the $nå11 bowel thrroe flexåble pölythene ccntheters

rclth â.n intcrnal. d.ia¡neter of 1n5 mm. ar¡d" ar¡ elcterneJ, d.ieõ',eter of 2"5

ïrïic tïor€ fixed. togothen wid:h ties c'f surgícal siliE. fhe most d.ists].

c¡.theter csår{"eå a te:rnineJ perforatecl brass ring to which a latex

bniloon cont*.Íning 2 * l+ ce" of mercury was attached. to facilita,to

tran*port through the upper íntesti,r:o (Blankenhorn, Ilirsch and .rlhrer,s,

1955). ñåght eentinetrras from the attachrnent of the balloon. two ports

cf, 1.5 ¡nm" cií*æeter ¡rere d::i"lIed. ttrough the cathoter and. sur:eund.ing

thi.n brass capsuJ.e to constÍtute the first reconling tip. 'Ilie h:nen

of the catheter betlveen tiri-s tlp ar:d. the balloon attechment wes

obliteretecl rrtth a wooderr p1u6. The tlps of a fïrther ùFo catheters

nere covered. ryåt;h hollow brass c¡rlind"ers through wiri.ctr latera,l ports

I o5 m¡n. ín dåaæeter had. been boreð.

The catheters were tied- to the first so that their open end"s lay

at &lotances cf 7 cn. and. 1t+. cm. fron the fÍrst :record.ing tip, The

d'lstence of 7 c¡r. from ore recorùing típ to the ¡:ext was chossn beczuse

tlre v¡ork of, Fo.sey ard Bar6en (tg5l) suggested that the tength of the

f\rrrctional scgrnent of the hrunan $xÐ,11 bowel was approxi-netely ! cm.

lhe catheter e,ssembly, shonn in 3,Ígure 3, ¡oeasured. 1)O c.n.

lhe catl¡eters which were used. to recorrl åntra-luni?ìa'l pïìossuna

ln the large bow'el were fashioned. 1n a sinlla^r manner. Three lengths

øt 1"1 rnrl. bore polythene tubíng were held. togetlrer by bras*s rings in
euch a vray tiret tire three reoorrd.ln8 tips, eaeh one covered by a brass
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$r¡psule v¡Íth te¡Etinal ard. latenal ports, wero 1 crn. apart. îher

l"orgth of the e,esembly wae 1$O cn. fhe cathete¡.e were s¡min6ed- gently

nlt!¡ ncrmal salåns åf the reeonling tips becarne blociced.. The rate at

¡rslch this occt.¡å"rerl. varíed. greatly, but suelr occlrreion was ra:ely

t.r.oublesone and. i*s presence cou1d. easily be d.etermined. by Ínspection

cf the pressuse tra.cing.

t " Thg Pressure T:.aned¡:eers

?he P23ÅÇ straiin gauges, nanufactured" by Stathanr Instnæents Inc"

*f, l\erto Rlco, had a prþssure ran6e of o to Jj cm. Iig. They wero

e-çru:*ctod' to the e¿tireters through three*wey taps so that the cathete¡,s

csulô be s¡Binged. w'i,tl¡out d.eaage to the sensitive åieptræa6nn of tho

¡traln gau€ie. 'rhe straån gaÅ¡ges wer'e held. by clanps to a moves.ble

stqn¿ and. ad,justed. vertically to the level of the recorrd.ing tips.
f. The Polve,ranh

%

Íhe four'-channel poly¿paph useê nas ¡aar¡ufactureô by gre G.rass

I¡¡stnunent Co., Quíncy, Mase,, tt.S..A." Ðeich ch¿nnel eonpriscd. a

5P I B or 5P I s low leve1 Ð.0. preanprifier, a 5A dråvor anplifj-er
ald e direct rvri.ting pen rocor*ûer. paper speed.s eonld. be va.¡"ied.
'aatveon 0.25 m¡¡' per secorrl ad. 1@ mnn per seconrå, rn this study tho

FeÞer speed was 0.5 &trrr per secoÞd.. Honever, d.uring exposu::e of the
clræ fil¡r speed.s af 2.5 n¡rG per secord. anð 5 Elnr pêr seeo¡1å were used.

to facilitate subeequent comeletive analysis.
the polygraph rvas calål¡rated. before each record.ing. The senslt-

åvtty wae ohosen so tha.t each n¡iLli-netre of pen ðeflectíon eorr€spo¡:¡j.ed

,.+--ttr_*-.. _+Fw*¡:É"*.
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The oonqaratlve gl.¡e¡ of the zuÅloterenetcrd.ng oa¡rrule(centne)¡ ttre-hearlng alcl batte¡y uaed to powãr the
oapnrlc (left) ar¡tl a slxpenr¡r pLece (rfeht).
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to a pressuse of I ¡nm. Hg. rn the begiruring of the work the fcurth
chanræI of the polygraph vras usod. to record. respÍra.r;ory excur.s1ons ar:d.

boåy rcovement. However, 1t nas found e arly in the study that y¡ith

o¡perÍence coatlruous observation of the intr.a-rumlnal prressu:-p tra.ces

¿}lowed varíous artefacts to be d.lstinguíshec. fron trr¡e Íntra-lur¿inal
presfl¡3E wavest The use of the stettrograph v¡as therefore d"iscor:tinued.;

latez. in tire study flre channel wag a.d.epted. to take the output frorn tile
rad.:io-påIl receíver for cor¿bined. catheter and_ rad.io-telenetering
stud:ies.

5. Rq4íotqle¡¡ie_käíÆ( e.quÍÐment

The ractiotelemeterång capsule (Figure 1.¡-) used. in this stu<ly vras

m¿r¡rfactured. by the Solartrvn lllectrord.c Group, Hents., Engler:d.r erd
has been d.escribed by CoruæLL and. Ro¡vlargs (f 96O). ft consists of a
frequer:cy ¡rod.ulation sub-+olniature transmítter porJered. by a nerculîr
cell (Mallory lìid ,312) and. enclosecl in a perspex casing neasuri.ng 25 x
BnB ¡m. One end. of il:e casin6 is for,oed by a pres$L¡ï€ sensitive
Berspex diaphragrn. ['he d.iaphragn earzies üre d.isc of gre fe*ite pot
core 'v¡hich ie the tran-sducting element. Ilhen pressure is exer.Í;ed. on
the capsulc the d.j.aphragm bends, the ferrite d.ísc moves and. chan¿;es the
lnrLuctance and- hence the f'requency of oscållation of the trans:litter.
fhe rad'io sÍgna1 Ís picked up by an external loop aerial which is held.
close to the patíentr s abd.omen.

Åecor&ång to the nanufactu:erfs specíficetions the capsulc has a
pressure rengo of o to 1@ cn. of ri,ater rd.tb a mea,n sensitivity of o.i5
Kc pe'* seesnd per cinr of water" The rlåfet of tire battery ås at les.st
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)6 hours" anå in tiris study râ'*qy capsules contj.nued. to operato a"fter

!O hou:rs.

Sho radio-pitl receiver (Solartron ÏloI.L. ìíod.el IOA) w*s con-

structed. by F.Lectroriic Inst¡n¡rsents ttd.., Richmonrl, Surræy. It
pr"ovid.ed. for record.ings of sågnal strength as well e,n pressure. ¡tu&io

nonítoring of signa*L strer:,gth was al-eo possÍble. In the preeer:t sturly

it v¡as founc. that positi.onal changes of the påIl lead.ing io filon,s of

contactrt could. be iðentified. through the aud.j-o signal of the Ì:eceiver.

$inee the piJl wsts used. nain-Ly to study the 1ov¡ íleun and. prorinal colon

where ponítåonal anrl pressure changeß âpe rather iufrequerrt, the signal

strength yrås generally not reco¡d.ed, TÌ:5..g allowed. pressure traces

froro the capsule and. the three catheters to be record"ed. simuLtaneously

on the four-cl¡arurel pol-ygraph" .A.rqy one cf the four charurels couLd. be

uto¡dtored" by connecti.ng the comesponC.ing ariver anplåfier to a cathorle*

ray osci.1).osccpe yrith a five-secord. scree n transit (Aotn Eq'.¡j.pnent Lrúrl. ¡

Âd.eleid.e, S.A. )

Eaeh pi1l nas cr¿librated. before use, ¡lf,ter activatio:: the batte¡y

voltage was allov¡ed to stabilåse at bod.y ternperatuæ over a minj.¡num

perÍod, of JO ¡cirn¡tes, The pi1l rvas the¡r sealed. aird placerl at a known

d.epth in a contaåner with water åt 37oC. The contai¡rer was enelosed

in an aårtÍght porspex bor co¡rneoted. to a sphygonronanoneter. sy

neans of a hard. bulb known .l¡ressure increroents v¡ere ad.iterl. e.rul the

resulting graph (nig:¡"lre 5) was kept for analysis of recorùings mad.e

w'ith that particular telenet,orÍr,g capsule,
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6. ffi
A Pbilipa 11 inch closed circuit tolevtsion image intensifåer

ivas eoupleô to an Årriflex 35 rnrn. cÍne carnerå. For. scfeening i;he

i.rna.ge intensifier $¡as operated. at 1OO Kf a¡¡ü. 0.5 nA with a hal.f vaLue

thåckness of 3.5 ruî. 41. l¡Iith these settings and a ned.iu¡n si¡ee}

fieid. the. neasured. maxi-¡nun d.ose rate to the patientf s skin was 1o5 r

Ber mirmtoo ln an attenpt to reduce raåiaii"on the $û&llest fíeld.

possåble was useô and. screeuing tine was kept to a minimr¡¿. No

ryoaûn ín the reproðuctive age were subjected. to cinernrliography, ard"

1n nrale patlents the gonad.s rrere protectecl. by lead. shield.s.

7. SuantÍtative Analysis sf iiiotilitv Records

For quantitatj-ve analysås of intra-luninal pressure char:geo

reconled. wíth open erd.eð cathetsrs the tracings nere inspect'ed to

fd.entífy ard. exclud.e a¡'tefacts due to body mo'¡ementso coughir¡g arxl

d.eep respiretions, llext, tbe anplitud.e anri. duratLon of all p!.essu¡:e

s¡Êves tvere neasured. and. the notor aetivity was calculated. separaiely

for each l-ead.n In this thesi"s the te¡rn Lead. refers to the pressure

trace record.ed. through a single catheter. Lead. r, rr errl rrr thus

refer to the tracee reeozd"ed. tl::"ough the three catheters. !ead. T ís

tho trace obtalrreê frorn the most d:istal catheten, ar.d' lead fII is the

trase from the most proxinal cathuà*". Lea^d. Iï refers to the reeord.

fro¡il the intemed.iate cathoter. rnu" rn the s&e,11 intestine, lead. r
lvould. epply to the catheter f\¡rthest dorm the jejunr:n, whereas ín the

large intestiræ lead. I wouid. refeå to the catheter f\:rthest away from

the au¿s.
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The fol1owin6 paranoters of nstillty were calculated. separatoly

for eaoh lead'¡

Fercentaqa activftv: this represented the proportion of

the record.ed" time èuring whiclr motor activity was obserr¡ed. Ït wa*s

calculateå by a,ôding together the d.uration of all. wave$ ani[ ex¡rressing

the euü as a percentage of the recordeô tine;

I,{c¡'bÍl,itv ínclex: this was ealsulated. by uulti,pl¡ring tho

arplituðe arvå cluration of each wave anå d.ividin6 the sutn of the

productn by the recor{.od. tlne. The regult of this èfvi.sion was

thon arbítrarily &irrid.ed. by 1O to yÍeId. a less cumbersome flnal figme.

Thus¡

motl:-ltyird.ex = f" (*xu)

whe¡re

Íx1O

â wave amplitud.e

= wave duration

ã ti¡¿e of reconü.ng in mirrrtee

È rn¡mber of waves during I

Consequently, the motility ír:d.ex r¡s.s a nes,ns of *çressing notilåty

taking into account both the anplitude errc' the cluration of the pres.*ure

?lû.ve8 t

Tbe nean a¡npl-Ítuåa of tl:e waves uas obtained. s*nply by

ad.dfrg the arnplitud.e of all r¡aves and d.ivid.ing the suru by the nr¡ml¡er

of waves;

thc moan d.uration of the $âves 'wae calculated" by

A

D

B

n

""-ttal+a:"rk"*__:"_,æær"__

$imilar1y,
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êddjtng tbe duratj.on of all waves acd. cli.viôirrg the sun by the nurber of,

üavåei a¡d. the gtsqfrLÞt¡tig3,oq-ryrygg was ûeteroir¡ed, on the basis of

oøpl1trrðe a¡d. ðuration .å.s nay be seen fron the record- sheet (AppendJx

*t) aubôivísioüs of 5 nu" EIg. wore ueeil for emplåtrlete a¡vl .st¡bûívisÍons

sf 5 seaor¡ðs for êurationo However, it sae fourd. that the nr¡nber of

subôtr¡lcione became too large for 6raphio preaentation of the nesults

atd. thug ín the fínal analysis all waves wene subd.ivåd,ed. as follos¡sg

f!æ eategoråes ehoson f,or Bressure wa?es frrcn the salI åntestlne &'É:ls

0 to lO nrno H6., 11 to 2O m.¡0. Hg" and. over 2O mm" Hg. for amplitude;

Q to l0 secords, 11 to ]O secord.a a¡rd. over JO eecorde for cluration

In the ðietríbution of n&ves fron tbe large intestine the correspor.*-

lr.16 categories were O to 10 n¡4. Hg" , 11 ta 2C mn. Hg" arr} over 2O u¡u"

lþ. for anplåtuôo; O to 1$ oocord.s, 16 to 5O second.s ard over p

seco¡:ds for duration. lhe r¡r¡¡rber of savee ån each categoqy was

oxpressed. as n¡mbee of waves per, hour. 8or the larga intestine, an

ettempt was mad.e to nake the subåirlsions of duration confonn ï'ith the

reporteð durations of t¡rpe I, II ard. III rÍ&ves (Språgge et alií, 1951¡

ts*åe st 8,1åi, 1951). However¡ eueb a choice must rerûa:in arbÍtrar¡r

aince then¡ Ís not conplete ag:raenent on ôuration of ttrees ytaves,

In regarù to the sma-ll intestine, the first category (ðuration O

lo 10 socod.s) coaespords to t¡rpe I rÍaves (¡ouff et 43.åi, lgSt+);

ïs'YeE of t¡pe TII wsuld. be f,ound. Ln the sub&ivåsions of 11 to 3O

ceesÞùs ar¡d. over j0 seconls (Coae et alåi , 1952; Foullc et alií , 195)+).

Tlus, to analyse eattreter stuååos of motility; all wsryes in the
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traeíngs v¡erê nèesured, and. notilåty expressed. separately for each lead.

as d.eEcribed. abovo. Finally, the nean values for the three lead.s

wo¡p ca.Leula,ted.; these vaLues wele used ín the preparation of graphd

and. tablee,

1,1oti13-ty tracin8s obtained. w:íth the ra.d.5.o*pi11 s¡e¡e treated. ín

the ss!ûe tnannar except that the calculstion of a. nêan for tt¡ree lead.s

oould. not be applåed.

Itesults v¡ere analysed. accord.ing to tbe stetistical nethod.s

outlirwd. by Bailey (lgSg)"

the X-ray cine films were str¡died. on a Philips view'lr6 table and.

a rurnber of the 35 nm. films wene reduced. to 16 mn. ïrid.th to nake

scroening with conventional projectors possible.

A record. sheet (append"ed.) ras d.esigred for the stucly. fhe

clinical d.etails, results of laboratory and. radLiolog:ical investig-

ationsr techråeat details of the procedure used ån reeording intra-
Itu¡rinal pressure fl.uctuations and. the d.ata obtaired, were a]-L record.ed.

and. cod.erL on this sheet. 8or practical reasorrs the recorû sheet was

destgned. and. pri-nted at the cornmencenent of the str,rd.y, and. some of the

gub-hea'd.ir¡Ss wer"e fourvl to be superfLuous in the final analysis of the

motility traeings. I'Tevertheless ths record. sheet greatly facLlitated
the rather complex and, tj-ae-consuming analysÍs of the results.

ltr.?iÞæ5æTeË¡iær'¡:4a'T:rF!
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Matorí41

I Procerl¡rç

aration of p,s.tten*s

"411, sm¿ü,l bowel ej,uðåes were begrn at 2 p,ra, r the patient having

í'::sted after a llght bre¡:å.fast. Tlre saee proceûure was follosed. in

e¡çst sdudieð. of the lru:ge bov¡el, but in e fev¡ instances the erleri¡nents

ri:¿ra conn¡enceð at l0 aom" No enenata or alerients wêI'e used.'

Çstheter studies of the large bowel were ðon;: rvith the patient ltt¿ng

*upino on ß couch in a quiot rooro Ln the Departnent of l,íed.icLre (figure

6). Catheter studåes of the snatl bor¡el and. con:bíned manonatríc and.

cf¡æradiographåe studiea nere ðorre í¡r the X-ray departraent of the

Ro;ral .Arlelaåd.e Hospital (f*grre 7).

JntrsÈis, *es-eg,-.pgs.åM
å,t the beginning of the proceðure of intubation of the snßa.ll

fritestine, the phar¡¡nx rvas ane,esthstised. wittr a t{c solutíon of llgno-

calne. 'Ihe lubri.cated" nercury bag ard. catheters'were then íntrsduce,å

tlirough the n¡outh. The cetheters were guid-ed. into place und.er ffucro-

*eopÍc control try positioning the 1:atient. The d.uration of thls

1:roced.ure vErried. fros¡ two nin"¡tes (in some patÍents r¡ith a Folya-ty¡ie

p:ir-tÍal gastrectony) to one houtr. If the catheters could. not l¡e mad.e

to pass the pylonls sittrin one hour the atter.tpt was aba:donsô,

Before experienee had. been gaiæd. wlth the technique, attempts at

lntubatåon l1'ere un¡euccessfì.rl 1n three patients; these patients have

been excludecl from tho stuðy, îlæreefter, ín 13 of 36 eonsecutå'¡e
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Radlograph ahorlng the poaltLon of the
oatrheterc Ln thc sna1l LntettLrn.

Ftrura 8¡
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Fl¡n¡re 9¡
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Raðiogra¡rh chorln6 thc poaitlon of th¡
oatitrctcrs fn tl¡c lartc Lntect¿F. Thc
hlghert cathctor ls or¡tllrpct by nad,lo-
oBaque oontr¿¡t neilù¡n.
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lstlents the eatheters l¡ere suocesefully introåuced. into the s¡nall

borrel. HÕwever, ,r, o* ctuðy (caso J) a necha^xÉeal fal¡lt developad.

inthe polygreçh; hence ]2 catheter st'*d.1es of the $lal} bowol r¡ere

dor¡e, 0f the tl'¡ree faileri. attenpts at intubation, two occu¡red. in
pa*ients ci-åth aetÍve peptic ulceratÍon Ín $ho¡a the pylonrs could. nct

be negotiat*.&; tbese Batiente were exclud.od. J'rcm ttre stucly. lhe

r"enal.nÍng potåent had. he.d. a partial" gastrectomy errå was unable te

ey¡e.lIon tho cathotetrso rn this patient only cinersdiograph¡r was

p*rfomned..

T{hen the r"eeorcllng tipn wero ín a aetisfaetery. posltion the

catheter's vl*re pexfused. lvÍth saline, connecteci to the stra,in g&ugss

r:¡:d. the reeonl-ing vras be6nn" Fl¡¡,rro I shoyis the mercurJ¡ bag e.¡:fl the

redÍo-opa.que e'eec¡tting t5.ps in the snriJ.l bosel. fhe aÍ¡n was to place

aLl, th:¡ee tips ín the jejunun, but on occesions thås r¡as not possible,

ono or two ror,l.e,j.ning in the duod.eraul.

rn the Large bovel stuclies sígnoid,oscopy n'as perfor.nned ar:d. the

êppea.;rances af the rectu¡a encl sigmold. colon werro noted. fhe catheter

assernbly s¡as íntroduceci. through the si€nroíd.oscopo, ard. the highest

recording tip cano to l"l.e at a d.istance of 2Q ta 2J cn. frour the annsr

The signoid-oacc'pe was withc?.trarm, the cathetere wor.e tapecl to the

po.tåenttn buttccko, per.fusod rrith naline and corinected. to the straln

8¡r'uges. Recorüin8 was be6un half e¡ l:our later. Ff.gure 9 shows

tlie amangene,nt of the catheters ir: flrs large bor¡el,

Ïn co¡nbåned. rad.iotelemetering end" eetheter stud.iee of ttre lar.ge
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borsel" the ra.ð.io*pill was elther svrallov¡eð ofþeetr or attacheô to f]

fcet of surg5.eal silk. Shis leng*h of silk rlas generally found. to

agest the cripoule in the proxS:nal pæ't of tÀe colon. The posåtfon

of the cÉlp$ul-e was cÌ¡eckecl by fluo¡xrscopy four to five bours af,ter the

patÍont bað ångested a snall a¡oount of bariun. Tlhen the ¡edlo-pilt-

wes ån the d.esår.ed. position the catheters wero intro&ucecl lnto the

læ-ge bowel, a* already d.escråbecl, anL the recording started.. There

y¡as eonsi&orable vê.rj.e,titn Ín the time teken for a eapsule to pass

tlrrough the snreJ"l bowel. However, it was usually possfble to obtaån

a rrecor{. f:ro¡a the tersinal iLer¡n or proriraal eolon by al.lorrinë ,6

hou.rs for th,e pÐ,esage of a capsuLe attached to s!l&.

3þæe-sflråeestlg

.A stand.ârtl seqr¡ence of reeord.ing was follovied., the e4periment

being divfded. lnto the follotrång four phasesl

1. the basal actíuity or rfrestingn patte¡'n of notillty;

2" tlre motor ¡"esponse of the ínteståne to a d.iscussion

of e¡¡rotionally charged topics;

,. the rresponse to a etand-a¡rd. neal;

l¡"" the response to a placebo and. Prostigæiræ.

Cineradiosrs"phy of ttre snal-L bos¡eL was usually d.one a,fter phase 5

but tt was cfter¡ fourd. that Ín tho large bowel orrly phase l+ provided

euough urotor. actlvity for cj.nerad.iography.

îhe reating pattern rvas recorded for at loast hal-f an hour to

provfcle the basa]- level sf aetivity of tbe intestír:e,
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Ðu.ríng the e¡:iCItåve íntervien, wh5.eh lasted. tv,'enty mlrmtes, bot¡

r¡cutre"l. topie* ard preauned.ly d.isturiring ones ryëro rlí.scussed wj.tlr the

patíent" 'fhese topics rangeð fron the patientt s occupation ard.

hobhi$s and hi.s social and" fínancial a¿nbl*lons to fear of d.isease a¡Ïâ.

treunatåc experåences in ad.oJ"escence and. ín rnarried lj-fe. An attenpt

w¿s macle to cc¡r¡el.uct the interT¡iew at tl:e seme level of inbensity with

al1 pr:.tiente re''¿her than to tqy ta elicit an obvious emotionaL resporj¡je

1n every oaßçÇ In stud.ies of the srall bowel. the enotivo interviev¡

was aband.ormd. as the presence of the catheters lrr the pharxrrx ma.d.e the

patient d.åeineLine,å to tsJ.k"

In thç thj.rd. phese of recorellng tire response of the Íntestiræ to a

etand"å.rd. meeL. r¡as stu.clied. for ]O ¡nirutes. The neal consisterl of ene

egg ard. two tr:e^rpoons of suga,r beaten i.rrto eåght ounces of nÍrk of
rocn tenperature (tox ard. AJ.lan, 1960). patfents ¡cho had. had a

partial $astreeto¡¡l.y vÍere posÍ.ticrnecl at ¿ l+5o frea¿ up tt3-t durJ.rrg ti::is

plrese to eneoura.ge tt:e onset of "d.umping," AI1 other patlents reraai¡:sd

supÍne.

tf'nere,åÍogra¡ri,y of tho srnall bowel nas perfo:med. after tire mra,f .

Tlre patíent d.rark sa fu lco nr. of a non-fr-oecuLatlng bar{"tm -cusperxion

(A:'rruar) and i;he prcgress of the contrast ncdiusl was fol.lovreô on ti:e

televJ.sion sex"eenc The fi1¡o rvsrs elcposed. shen the contrast bad. reached.

the ¡:e'cording tip*" on a few occasåons, v¡hen gastrl"c enrptying was

extrernely s1ow, the contra,st .was iqjectecl thr.ou6h the most proxÍmal

record.in¿¡ tåp. For ciræra.ðiograpriy of the 1ar6e bowoL, go to 100 co.



B]+

of .Àlubtar ôåluted w:ith salåne sÍas 1r¡jected. through the cetheter

f1rtbast eway frorn tbe ants. This eatheter was then innedinteJ-y'

perfused. wi.th sa-llne and" recor¡necteð to the etrain gauge for recording.

.0.1"1 cinered.iogr"s.phic sturlies r¡erc ðone w'ith the Smage intensåfier

set at 8O Kv úñ.9.2 ü.4 wJ.th a half'-vr¡].ue t¡rickness of 5.5 mm. .¡11.

The fj.lur nês eryosed. nt 16 fra¡nes per second. for studj.es of ths smsJ.l

l¡or¡e1 and. at 6 frames per secorrl for fil.ms of tho la.rge 1¡ov,'e1. lhe

begåruring arrå end. of the cine period. were ma¡'ked. on the presr¡ure

traclng to facllitate subsequent correl-atlve analysÍs.

2" PHEi"ç_nts åpve"etåjig.rtçå

Str¿d.ies of thç srnall intestine

Tire control 6roup conslsted, of seven nenn Five r'¡ere volu.nteers

fron latala Ï¿abo¡r Pri.son, llorthfield.. the other ttvo were patients cf

the Royal ¡1d.el.aid.e l{ospital. Of tåe hospS-tal subjects, o¡ae (case 2)

was und.er investigation for heæmoptysls; the other (case 6) naA

features of a paranoíd. psychosis, .411 the control subjeets nere

anbula¡¡t. fhey d:id. not have a, past hlstory of gastro-intestínal

cl.l.sease or alåmentaq¡r sSrapto¡rs at the time of thi.s investigation.

The prison volunteers rÍere all housed in ¡nÍni¡num security varrls;

they perfor:ned. light ¡aanral wo¡'k on the prison fa¡¡n and. were given a

rærtal d.iet. Most of the prisor¡ers had. been remard.ed. for nånor

offences and. nore of then d.lsplayed. obviotrs¡ pereonallty d.efects.

The meer¡ age of the subjests ín the control group nas ?8"7 years

wi.th a rangs of 20 to t+2 ye&rs. They u¡rd.erç¡ent the foLlowing tests:
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No. of Stud.les

Catheter Stud.l"ee:

Reetfng pattern .......... ¡. 6 (")

Reoponse to fooå.c..o...... 6 (")

Response to Prosti#ine o... 5 (u)

Cin*ratliog¡'gphy ...... t ""'e " " .." " oo " 7

I{ineteer¡ pe"tients were stuðied. a runber of years a'fter periåa]

gastrectony. t'here nere 16 men ar¡d. J women. The ages of the

patients ranged. frorn JB to 76 yes{1's with a $ean of 58.7 yes.rs. The

t¡pe of cperation perforued. nas partial gastrectomy råttr gastro-duod'eno-

stoury (gi:.frotti I) in three patíents (eases I to 10) and. partial

gastrectomy vrith gastro-jejur:ostony (fofya) in 16 patients (cerses 11

ta 26). Surgical- vagotomy had. been perforw,ed' on orrly one patient

(case 25). The síte of the peptic ulcer had' been the stonac!¡ in 6

patientn, anð the duoder¡¡.n in lJ patÍents' The tj-me which had'

elapseð since the operation ranged. fron 1 to 17 ye8Its with a mean of

8.7 years. lhus nost patients were fnvestlgeteô at a stage when

ad.jusfuiegt to altered. anatoroy brought on by operation should' bave

oecuryeå; no attempt wes nade to stud"y petients j¡neèiately after

(")t in cese ? intubatien nsrs sucoessf\rl but nechanicaJ- d-ifficulties

d.id. not a1low pressurÊ recorùin5S tO be Carrieð out. Hence

onty cinera.d.iography was petforaed'

(t), PrastÍgrnine wes o¡rltteð at the errl of a prctracteô stuèy'

¡P_.5È'¡): rr'f ; - ¡<r-...:-_ \Ì'ryq-r4,r-r:L--. {e)@',,,:!rë-_:s :.
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sur6efS¡.

Srot¡p!

The fol-Iow:ing post-gast¿-€ctony late EequelaÆ lrere present ln thís

Clsteoporosås .... r o.. r t. r.....

Iron ôefåe*ency ans,e¡ûJ-a o... o.

l.legalobla"stíc anaemÍ8 ". o c'.. o

$teatorriroê& r... o........... t

No. of Pt¿tients

l+

3

1

1

Eígtrt patients r¡er€ ctnsíd.ereå to have the early ðumping slr$d'rû&e

(cases B to 12, 16, 17 awl 25), fhis &ïagnosis l{as based. on a

hiotory of abd.ominaJ. fullrtessr svieating, weekness a'nd- palpitatíons

foÌlowång funureåiately or shortly after a meal arrd' relieved' by lyrng

d.own. The severlty of the attacks wa"s arbÍtrariLy gfad'ed. as nild'o

noderate or severe on the runber ar¡d. ínten-sity of the raanifestations.

0n these criteria, the spontaneous attacks of ôurirping were r¿i'ld in

four patients (câsec 10, 11, 12 a¡ú. 16) arrd- noderate in a fïrther four

(cases B, 9, 1V arñ 25). Thus no patient in this stud.y experienced'

severe manifestations of the èwapi.ng s¡mdrome. CIf the eight pe'tients

¡rith the ûr:nping s¡æd.rome, three he.d und'ergons B. Bil.lroth T partial

gastrectorny and- five tbe Pelya opers.tion' In six of the eight

peti-ents r¡ith the early dunping syrdrune and. attaclc was reFroduced.

dur.1ng the notility stud.íes (cases 9, 1O, 12, 16t 17 anð' 25)' No

peitient v¡ho was not prone to spontaneous attacks of d.umping eltperienoed.

s¡nnptons <turing the recordlng.
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The folLorvlng tests were cerrieè out on the patients who had harl.

partlel gastr.ectonY:

No" of Stud.ies

Catheter Stuðies¡

Resting pattern ....... r.r ¡ '. 18 (")

Response to food. .. ... ' â.. ... 18

Response to Prostignir:e .... o 9 (U )

Cirgradiography ..e .t....)..eÒ..o..r...o.t!t 17 (")

Eight patlents constltuted the måsceL1.aneous groupn the

cornpositíon of v¡hích r¡as as follows !

Case No, Sex Age , Dlagnoslo

27 tr. 41 Trríteble colon - f\rnctional
d.åar¡'hoea (nc syrnptens et tino
of study)

28

29

30

[f v

37

57

Irritable colon - functíonal
d.ia¡rhoea (no spptorns at ti¡oo
of study)

Irritable colon - spastic colon
(no syrnptons at ti¡¡e of stuåy)

M

F

(u):

(u),

(*)¡

Longstarding constipation, chrr¡nic
purgation, h¡rpokalaernia

intubation fa1led. in oræ patient (case 18) and orrly ciræraôio-

graphy was d.one.

Prostignine was not g:iven to pa.tients v¡ho Bave a history of

ischaernlc heart &isease, h¡rpertensíon or emphyserrå, or wtrc Ín

argr rray d.id. not appee.r rnoêeratoly robust.

cfu¡erartiography was onitted. ín two pre-rnenopausal rromen (cases

11 and. 26).

.ãh rlF1::j
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5B

57

65

52

lÍia*us hern:ia

Chronic gastríc ulcer

Ulceratíve eol-itås

Di-verticulitis of the colon

fhue, in three patients (ca.ses 27 to 29) a d.iagnosie of the

irrÍtable colsn syndrome Has made. This dlsorûer is characterise& by

abd.onÍnal. pain often rralated to defaeeatÍ.on; b<¡uts of constÍpatÍtn

wi.th thc p&ssage of sn¡all pellet-Iii<e $'bools altex'n*r'bii:g rvi*h period.s

of dia.rriroea ar¡¡1 period.s of norrual bol¡el habits (Chel,uclha:¡r and.

Trrrolove , 1962). The s¡rnptams âre often brought olt or matLe worse by

e¡notional tension" Furthe¡¡nore, the pati-ent can frequently iclen'Låfy

particuler foods 'rhi"ch aggre,vate the ðisorC.er. Patåents lrith the

lrritable colon synirone usnall.y fa1l into two groups" P¿tients 'ffitl¡

the spastic colon have abd.ominal pain as thoir maj-n s¡mptoinr anl i.n

ad.rtitÍon have constipation ril:ich aliernates ryith d.ia,rrhoea or rrith

periods of no¡mal bowel habits. Patienis rry-ith funetional diarrhoea

have 1itt1e or no abd.orninal paín; the¿T nain s¡r'apton is constar:t or

interr¿itte nt èierrhoe a.

Of the three pa.tients v¡ith the irrj.teble col-on synrlrone, two (cases

27 stf, 28) ha,1 f.rnctional d.åorrhoea, ad one (case 2!) t:re spastÍc

col-on, åLl h¿u1 nomral boweJ- hablts anô. were free of syraptoms at the

time of strråy. .A,s alL three also undenrent colonj-c r'rotÍlifir studies,

a clisfirssion of ttre clinieel dctails of theÍr ca,sês will be found.

later ín this sec'cj.on (pueu 92 r:93).

31

32

33

3A

Ì'î

t,{

F

F
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One of the petients in the niscelJ.aneous group suffered. frou

constipatÍon sf more than 2O yearsr duration and. f?ora the ef'fects of

clronic purgatíon. .At the ti¡re of study her sen:rn potassir.rnr leveL

was 2,5 nnq./L. aE a re$ult of longstancling rni.suse of purgatåves,

One patient, (case 31 ) had a 1ar6e hiatr¡s hernia with e reflux

oesophagítis. He coraplained of conståpation for ¡nore than 1O years

alrll used purgatåves. He was reeeiving no d.ngs at the time of stud.y.

lhe next petient, (case 52) had" a rad"iologically proven chron:ic

benign gastric ulcer on the lesser curvature of the stomach. At the

tj-ne of stud.y hís t¡owel- habits were norrnal, the stools were negative

for occult blood. anà he was recei-ving no d:r.rgs.

there r¡a.s ons pat5-ent (case 53) v¿ittr cirronic ulcerative colitis

of slx montbsr tluratlon. At the time of stud.y she had. nonnal bouoL

habits ryith no blood or mucus ín the stools. The sigmoí.Joscc,pic

fin<Lings were norTlal althr:ugh a barium enem{ù showed. nriId. ulceration in
the upper part of the signoid. colon. fhere Ì?a,s no ernaenria and. the

blooù sedi¡entation rate was 16 mn. ín the first hour.

The last patient ( case 54) fn the uriscellaneous group ha.d.

rad.iologåcaIly and clinicall¡r evid.ent d.Íverticulosis ar¡d. d"iverticulitis

of the sigrnoid. co1on. She s'dfered. from interrníttent abrLoninal pain

a¡d. d.iarhoea, altlrough at the ti¡ne of stud.y she was havir:g only one

formed. notion every d.ay vrithout bLood. ot, mucus.

the pat5.ents in the niscollaneous group unclenyent the followlng

strrd.les:
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No, of Stud.íes
Catheter Stud.ies¡

RestÍng pattern ... ¡ r. r. r.... o..
Response to food. .. r....... r . ¡..
lesponse to prosti@itæ .o.....,

Ciærad.lography .. a. o..c. c,,.., ¡..,.... c.. ¡ c...o
fhus str¡d.ies of the sna.ll bolyel vrere perforvned. on 3à. sirbjecte

ooruprising J normal controlsr 1g patients $ho harl underS0ræ partÍa'
6astrectoroy ard. a nisceIl*ræous group of B patåent'. The method.s of
otudy were lleasure¡aents of Íntra-lunínal pr^essus,e fluctuati.ons with
open end.ed. catheters, cirerad.iography ard. a co¡qbi.n.e,tion of flæ tr¡o,
dlstributed. as follols.

No. of Stud.ies
Catheter Stud.íss¡

Restån6 pattern ..r,.o..r..r.r... 32 (¡)
Respon^ge to food. Go.o.oo.rr..... . 3A

Respotl.se to prostígnire ,.... ¡ ! .. 21

Cir:erad"iographf . r......... o...... ¡........ ror.. 32

{ludies or tþe l.arge*i-p!trSåæ
The control group conslstod. of 2i subjects of whon i9 werre msn and.

] rce¡e y¡onen. Thoir ages rang€d fron 19 to 79 years w:i.th a mean of

B

B

7 (")

I

(u)¡

(o )t

onitted. Ln case 28.

Ín tlro patfents (cases 7 ann 18) orùy cineraài.ography was

¡r" ;94<Ey#,. É*1 -?r.r:, - :,

per:forueil.



g1

17.6 years. Fffteen of the control g.oup were healthy volunteers

fron yata].a Irabor Priron, llorthfieltl. Thc d.lagnoses of t]re remaíning

six control subjects ?¡as ae foLlons:

Diagnosls No. of PatÍents

MuLtåp1"e nyel"oira 1

Igchaenåo hear* d.lseasg . .. . r ....

Cerebral a¡-berios clerosis

Post-infective polyarthrÍtis . . . . .

Post-pneunoni.c p3-eural effusion .

Bronchoprerlmouåa

I

1

1

1

Shsse a'Lx patients srere all fully a¡nbulant at the ti¡le of sü.rd.y.

Nore of then had. a past historly of gastro-Lntestinal d.:iseaso ar:f, nons

had ar¡r alinenta^rXr sSrmptons (irdÍ6eståon, constÍpation or d:åarrhoea)

at the tLme of stud.;'.

Twenty-seven catheter stud"j-es Ìrere d'one on the tvænty-cræ

subJects Ín the control groupo Tno subjects (casos 4.h an¿ 51) hÐã'

two separate stuðies each; another two (cases 35 âryl 38) h",ê three

separate sû¡¿:ies each. The control subjects urderwent the following

tests:

No. of, Stud.ies

Catheter Str¡åies¡

Resting pattern ....... ú.... 27

Response to intenriew ...... 16

Response to food. .......... . 2t



:- ¡,, q'À:_-:ra_:!,-... 
.

Eith

fntolerar:se to speeÍfie food,s ... present

Otånåeal featu,¡rüs of 1g patients

the írsåta,ible eolon oyrdnone

Ti${lff I

Â. SubgmuB

speståO go10Ð c oe et... o..
fur¡etronar. ,Lt-åaE*r;;;-:::: "Qo "' r ? 'ô ca c o ô "... rc. e ..

aaaaaaoaooGaôa aaoaaoaooaaao

Sox
Xn8åe ua aaaaa o aa o a. oa. a l a a, ar aa o,a. o I ¡. raa ca.a. o. a. aafema.T"g a. a..r.. aa oa.a r..,a ?a.. aa a.. o.3. ð....e..a 3 o.ó

PneoiBltating oeuee

O¡notågneL trauga ,, ro... r.........,., o r o. ?.oo c¡ o,..cunapoeåfied. gastno-entøritiu . . . : : . . 
" :; . :. . . . . . e . . . .preeuned. baeå}l^ar¡r d¡rseaterXy . . . e . ". " . : : . . . , c . . . o . c ogastrcintggtínal erfger$Z .. o. ô..... o e Ò....e ..,, o. o..not k*o¡r¿r a c.3 aa.3. a ". a. a.a n..... å. â o.a...o....c. e..

Duratfon of ll].ness
1, V ¡loaths ,.o..a a...... o.r....e oo?.o... t.. i...ca.1 - 5 yes,rs .aio.a.aar.araa...r.roa.3 o...1....oa.r oo,5 -_1O J¡ea¡s ir...o.o.f ..............oo o...... o..o o.
> 10 year8 00 0. r o...... i......1....... o I o. o..... o..

S¡mBtons aggravated by emotiona.l strÈsg ..e.. o...i..G.?.o

No" of,
petåente

1S

18

B.

D.

E"

F.

7
1

7
,l

1

1

)

)
)

)
)

)
)

6
5
3
4

12

11

7
6
,ts

4
t
2
1

I
2

G.

H.

5
2
1

1

11

18

18

1B
tamatogs ....c., absgãt

T+ v- õiË";;;il;ii'":.. ::: :: : :. :s,jrj.d- fþtits (epp1e, orange, lenon) .aleohol ...r.c e. e. r o r¡o.....e.....e.
ouions, leæon:¡¡la (each), ;::::]... o.e6gn¡ o&bbage, tobaeeo, fi.rh ("*iri-

attt a3t oa t t a t j Òo

ao9aaaaoaaaactaa

. Óa l a a a a c o a a a e a a

a3tottaatacaceoa

aaaaaaataoaoaaaa

caa.aaaaaaacaara

Past srrrge¡¡r on the gastrofntestånel tract
IlLstory euggestlve of lrrc.table colon in either pa,rent aa
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Responsg tg ProstiguifÞ ¡ . ... .... .. 20

Response to 5-WdroxytrXrptaniltê .. n 3 (o)

Ra,*iotgleineteríng .......r.......o. 1CI

Cingrad.ío#"4phy t... t... tr. t....... '. " tt " " ""' 6

Eighteen patients w:ith the irritable colon s¡nrd.rmre were stuùÍed.

Íhe 6foup consisted" of 11 Tvomen a:vl J nen. Îheir nean age was 118.6

years w"ith a range of 23 to 75 ]¡ea'rs. Seven patåents had' the s1:astic

coLon (cases Zgt 53, 5lv, 55¡ 5Br 6O and. 6,[). the remaining el"even

ha.d. ft¡nctior¡al dÍarrl¡oea (cases 27, 28, 56, 57, 59, 61, 62, 63, 69, 66

atf, 67j, At 21 catheter stud.ies perfor:rneù Ín th-is gl3oup, 12 were

d.or¡e ryhen the patients had. s¡mptoros of the coLonio d"isorder; 9 stuclies

were clor¡e at a ti.me when s¡øptons we:re not present.

T¡e d.lagr:osis of tho irritable colon s¡rrrlrone was based. on the

clinical history anð on the exclusion of organic ôisease of the

alÍ-roentarnr tract.

The cliniae-l featilres of the patients with the ílritable coLon

s¡md.roroe are presented in fable Ï.

The corrlition he¿ been present for less than 1 year in six

patients, for 1 to 5 yea¡.s in flvet 5 ta 1O years in three, and. over

1O years j.n four patients. It w'as usua3.ly not possible to ådentiflr a

ca¡se uhícir nay have precipitated. the è'isorder, although thvee pati'ents

(u), The effect of 5-hydrox¡¡årryptanrine on the notåliiy of the

large bowel was stud.:iecl l"n t]rree control subjocts (cases

t+.3, I+5 ard. þ1 ),
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å¿teô the onset of nyrnptoraa t,r nrrajor e¡notÍona1 upheavals, tuo to

¿ttaclcs of epicleurÍc gastro-enteritis of uncertain aetioloryr otle tr¡ an

attack of suspected" t¡ut not proven bacj-l-Lary ðysentery and' one to

obd.oninaL su:rgef,y (hysterrectony w'ith d.ivision anl re-suture of the

lorrer snall bowel).

Tr¡e]-ve patients stateð that thslr s¡nnptornÊ l1er€ d-efinitely

eggrâ.Vsted. by rnlnoi. f,egzees of ne¡vous tension; nine of these patients

had functioral d.iarrhoea anf, three the spastic colon'

Ðleven patfents ga,ve e history of intolerance to partictrlar footi"s,

which invariably precipitateC. an attsck or aggra?ated" syrnpto¡ns whícir

were alrearl.y present. fonatoes, ni1k, acið flruits and alcohol were the

food.s noost cornrnonl¡r incriminated. SÍx patíent.: used. aperi'ent'l but

none more frequently than tl:¡çe ti-nes weekly, and. in no instance had

laxatåves beon used. by the patients Ín the d.ays j.¡nned"iately prece'ling

the pæsent stat{y.

Elght patients hed haô operati.ons on the gastru-íntestinal tract

but in norp of thesa patients were the operations perforrceû for

s¡naptoras ¡rhích titey currently conplaåned. ofo As already nen.tåorred,

there rras a, close relation in tjrne bety-¡eer¡ the operatlon and' tho onset

of the irritable colon synrlrome in only one patient (ease !!)' Only

two patlents gave a family tristory suggeeting the presence of the

irritable colon syrd.rome in eitl.ler parent.

The exclusíon of organic disease of the bov¡el r¡nrs a pre-r'equisíte

for lnc'Iud.irç ti:e patient in the j.rryitable colon Srotrp. Therefore a
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eignroåcloscopåe examÍrratlon wa,s perfomad, 1n all patients' If there

sas e¡ry d.oubt that thç muoosa of the rectr-m ancl colon w'as not noraal,

the sågnoåôoscopy nas repeeteå on completion of the stitdy a¡xfl a

s¡recimen êf, mucosa obtpånecl rråth ïiood"rs gastric bioBsy *ube (Wooð, Doåg,

],Iotterasr aild. Hughes, Í9&9)" No histoLo6íca1 abnormalitíes wer.g seen in

ar¡y of the båopsy spoeÍ-nens taksn fron patlents ln this group.

A coruSleto bl.as,å count, estimation of the erytbracyte eedinent¿ution

rato ar¡å stooL teste f,'or occult blood. loss r¡ere penformetl in e1I

patient,t.

&ariiologtoal exs¡j-ns,tåon of the large bowel serveô to excluðe

ulcerative coJ.ítås, dÍverticulåtås and. carcånoma of the colon lSariuu

neal anrl follow-th¿'ough stuèies wore d.one in all patients in whon the

cLir:Íea} feah¡nes or exa¡nination of blood. anù faeces sug6eeted' tJre

BoesÍbil5"ty of organic disease of tire stomaeh or sna1l inteståno. Ïn

approxSn*tely balf of the patÍ-ents a. baríum neal ar¡i follovr-tirrough

exs¡itratåon of tire snsll ir:teetår.ie vas perforneð" Estinations of

faecal fat on tlgee-d'ay stool collections a'nd' exanination of the stoors

for pathogencic bactenia anå parasítes rvere perforued ín nost patients

rith diamhoea, Fatients 1n whon ieiuno-iIeal insufficiency was

suspected. on clinieeJ-, haematolog:ical or blochemical ground.sr $er0

eubjeeted to further irrvestigations. These includ"eô ra,åi.o-actíve

vita¡nå¡r B* abso4>tfon str¡d.ieso the d.-xylose exeretíon test, estí¡natlon

of ths sesun folåc asid. leve1 q.ry1¡ in saleetod cesesn suctíon biopsy of

the srne.lL bov¡e1 miÀeosa! Biopsy of the enalJ. inteståne was csrried. out
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sith the Baker-Hughes rnul-t:iple retr{eving tube (natcer and" }lu6hqs, 1960)

or the Crooby capsule (Crosby ard. Kuglet, 1957). $here appropriate,

tr1re presence of goneral rned.j.cal d.iso¡vf,ers known to produee s¡æptoms

fron ths alj.nonta^rnr tract (e,g. t¡yperth¡rroidisrn, I¡¡¡rothymidås¡n a¡rd.

d.iabetes) was confirmed or raf\rted. by the relevant ðiagnostie tests,

Thus a d.lagnosis of the imitable colon syrdrone was Dlarle lvhen

the cl.ínlcal features suggested. this d.ísorcler ¿nd. when organic rLisease

of the alimentary tract hecl been excl-ud.ed as far as it vras possible"

The patients r¡:ith the irritabl-e colon s¡mdrome toolc part in the

follow'ing motility stud.Íes ¡

No' of Str.ld'Íes

Catheter Stuiliesl

Restlng pattern 21 (")
fBResponse to inter:vie¡¡

Resporrse to food. ......rr...!..... 21 (u)

Response to Prcati#itr,e rE

Ra¡3i-oteLgrueterån6 . r. r..... r............ r..... . .. I

Ci¡¡gracLíography ¡.......r.o rc..!.. o... r... rr '.... 2

The niscella¡eous 5roup consisted of a total of 29 patients of

whon 7 were mai.e sJú.22 fe¡ca1e. lhese patients sere studied. either

bec¿u¡se they had proven disease of the alinnentaey tract (ulcerative

(u), Three patlents (cases 29r 61 ar'ð.6?) vrere studied. on tmo

separa'be occasi.ons.



TA$I¡E rr - Fati.ente eoÐBrd.sår:g the ¡niecellanCIst¡s g¡ror¡ã,

Ca,ee
No. Sex Åge

Usue]-
bogrel
hebits

D
6Ð
D
D

c
D
D

0Ð
/l

Ð
N
Ð
t{
¡T

I{
c
c
D

CD

CD

D
D

D
It
l{
N
c
D
¡{

Bowela at
ti¡ls of,

rocord,f.ng

33
68
69
7o
71
72
7'
7+
75
76I

9
1,
26
n
78
w
*
80
,o
81
82
85
84
85
86
87
88
89

tb
th

65
fi
66
45
68
t¿
43
62
6a
#
Iç3
t+5

5t+
45
7+
7a
t|o
52
65
57
&B
39
56
57
72
8,
1t
65
58

1¡r

rr

F
p
r
F
F
F
!'
F
n{À
H
u
rl
rr
n
't?

F
![
r
ts
F
H
u
F
r
!t
F
F

Dåagnoaio

Ul.eeretl.ve eolåtis
lJl"ceratÍve solåtås
[IJ.eera.tåve eo]åti.s
iJleeratl"ve col.åtis
Uicerative eoååt1s
$malJ- bo¡Eel roseetåon; ateatomhoea
&1a1 ebsoqptåon e¡rw,}.rone ?eauee
}'lalo,beorptíon e5ædrme ?oa¡:es
Ì,íei"l ebsorgrtion e¡rnd.mne ?eenss
Iel-i,o;rathlc s te atsrthoe a
I$e:nt{åJ' g*streetomy
Fsrt*al gostnectcEny
Fe¡rtåal" gastreetorny
Fartíal. gastrectomy
fl¡penthyralêíem
!þpotl{¡roåd.å¿*a
Iiypoth¡rroiúisn
ÐlverticulttÍe of the aolou
Ðåverticu].ltåe of the colon
0hronie purgatf"on
U¡etero-co1åc anastoncsíe
Alcobslian; pe:{.pheral neunopatby
$¡rs tenle rnasto eSrtosie
Éast¡'lc ulcer
Sclaroiþnn¿
I¡fectivs dla¡:rhoea
Àcqul"recl. megoeolon
Dåabetlc clarrboea
-Aper{.eat-lnlucerl d.i a¡rhoea

(ui"rrru
(n*rro
(porya)
(rorya)

)
)

I
I

ï{
¡{
¡[
D
c
D
¡T

6
c
N
¡{
$
N
N
N
c
c
N
t{
D
D
D
D
N
N
D,

c
D
D

*$¡mbolol e = aongtlpatlon

Ð = d,La,¡ehoee

S = nonual bor¡el habits

CD = ¿]tsr.natf"ng oonstlpatåon a¡¡il. d.ías¡$oea

I
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côLítis, jejuno-íleel insufflcier:cy) or bocause they hacl orgenic

dísease e3-sel'+irere whieh was cnpalrl.e of producing disorrd'ered. bov¡el

f\¡ncti.on (tt4n:oid malf\¡¡:ction, sclerodenna, diabotes mellitrrs ).

fable Iï llsts the patåents incl.ud.ed. in the misceLlaneous group;

further åeta*-[e of s'æe inåiviðual cases will be presenteû Ín Chapter

ffi. ft can he seen that at the tirle of stud.y 6 patÍents r¡ere

corrstítr>et€d, 9 patients had. d.iarrhc¡ea ard. 1å. patients had nor:nal.

bor¡el habits.

lhe fo1'lorång stud.ies were clone in the patients in this group:

No. of Stud.ies

Catheter fltuti.ies:

Restirrgpatternro,r.....rr.c.. tZ (")

Reeponse to i¡:ten¡i.ew 28

Response to food 10

Resporr,se to P¡çstignine .... r.. 2l+

Rad,iotgl,e,meterting .... r o........... o. r.... t.. r 5

Cingrad,åography ..o.... o r. t...r....rt ô........ 1

Thus a total of BO stnd.ies of the motility of the large bowel

were d.or¡e 1n 68 patients. There were 21 control subjects, 18 patients

wlth the i¡rltable cr¡lon s¡md.rcrne and. 29 patients v¡j-th miscellaneous

d.i.sorclers. Open ended. catheters, teleneterir,g aryJ cirsradiogrephy

were used to stud.y the largo bowel as follov¡s:

(o)t J patients (ca.ses 79, 83 anå 87) rrere studied ty¡i-ce.

'--1-*"+æ:,PT4rÞ:¡s¿rF--.-fÉrrã1ãt!"1"F-'a,.'P:r:T!Fg{È:-.ryr,-Ê*--::ææ.. .-...]3çtrr-riçr1s,çi$*.È-i;
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Catheter Stud.ies¡

' Rgstlrg patterll r..r...rr¡..r.....

Response to inte¡view ...... r. e. ¡.

Responoe to food.

Desponse to Prostlgrniræ

, Response to 5-hydroxytr¡ptaair€ . "

Rad,lotglenetering . ' rr...1. '...... ' r. t t.. t.....t.

Cl,reradiography ..r........ !......... r.. o...... t.

No. of Sturlies

BO

62

74

62

3

1l+

9

ç

b

!

I
i

ryç
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IABLE IIi - 3he extor¡t of the Brneoont åwestf.getion

Patlents Str¡cH.es
...... ". Cathgtgr Str¡dtLêg r. G, ....
Rect Þaoråoa Food Ti**-

5-lydrory-
try¡tteæ:åre

Baåiotele-
neterång

Ctæ-
raÅ1o-
g"ep!ry

6noup

sall IntesÈiæ

Control
Foatgaotrectçny

üLscella,æoug

erge InteetÍae

Cont¡ol
Irrltable oolon
$iscella"æous

7
19

I

21

18

Ð

7
19

(")
(u)

6

'r8

II

5

9

7

6

2

1

223

21

50

27

21

æ

þ

r8
I

7

17

B

27

21

v

t6
r8
28

20

1B

214-

to
1

3

lWåf¡ gg* 114 712 62 1cß 8,

t8hirtoen patS.ents und'e¡sent stüdiog both of tho g@alI iatestine a¡¡i the la¡ge i¡¡testlæ.

of ¡rhi.cl¡ orre pu:rely raríotoglcaL.

3 1¿ç ¿È1

(")
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lhirty*four stud.ies of ths Én411 intestíne yrere ce.trr{-ed" out on

]l¡ patients anrl BO stud.ies of the large i.ntesti.ne rvere perfo::ned. on 6B

patíents. ll¡irteen patients urderçent stud.ies of both the sna1l

lntestånâ and. the lerge intestiæ. One hund:erl and. tr¡e-l-ve pres$î-u.ë

rccordi4Ss Hore d.orr¿ vnith open erd.ed. catl:eters Errd. tl:e raclio-pilI was

êroplo3rscl as ïre1l in 1l*. írrstances. The presÊur.e record.ir,gs r¡ere

cosrbirpd. rrith cj.neraC-iography ån J9 stuåies anð ciræradio6¡e"pn;,- ¡åor.a

wao perforned. Ln 2 case$ (faUte ITI).

'Ihe totel d.ura'Låon of the pressur.e tre.clngs sas 10r6J*2 ninrtes

(177"1* hours). SÍnce each tracing consisted of at least three

si.ülrltaneous p.Ì'essuïe tr¿ces and. sínce the minjmum Fâpsr speed. r¡as 0.5

!lra. per second", a total of approxi:rately 96c netres of trecing were

obtair¡eê anå analyseð..

Sualitativs Asnects of the Pressure rl¡acin¡',s t¡.i nerlCIb

t¡:i.th Cpen Er:d.ed. Cetheter.s

Ëþe' smqlL¡,ntes:þiæ

The outstar:d:ing feab¡re of the intralr¡raínal pressule record.ings

fron tl:o small intestins nas the ¡rarked. verietion in notor actåvity not

only beti'æen d.Ífferent pe"tients, but a3.so betrveen dÍfferent leads in
the sene patient a¡rd. in the s€une lee"d. over a perd"od. of tj¡se. Period.s

of activity werre interspersed. uith perLod.s of quiescence in an apparent-

1;r rarrS.on f.-osbion.

Tþe Ï and t¡rye III çaves r:ere recognisecl in the tracir.gs f¡om tl¡o

::abr:'Fgryæ
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$rs.ll. Írr*estine (Fi.gur-es 1O anü" 11). Hor,iever, e d.istit-rction betr'¡een

ffe.ves of type I anô type IT coulcl not be m¿rcLon Î¡pe IY waves i?trç

ngt seen, ,{lthough t.vpe I r¡aves appeered" si-nple anå nonophasic at

6re usuel rcco¡4.ing speed., recoråiÌtg at h:i.gher speeôs siloç¡eå thl:,t iÌrcy

$ore, in fe.ct, cornplex (Fågul'es 11 ard' 12)" i'iost of the actívåty

recorded. årr the emr¿1l i:rtestine consisted of type I rve¿ves, sj"rr¿;ly o:r

ín groups. l¡rpe ITT weves were ra.rel¡i reeord.eC" in ¡:o:;t¿'J .s-nbjec'i:'s

duríng the resting plra*e a-lthouglr they appeet¡ed. sfter the st*nulation

of food. ar:d. Prostigmine. lio*ever, they i'rere obse:¡¡eCr quite frequent-

lf, ðrrr".rng ihe restirg phase in patients lvho had. unùergone pertial

gastrectou"l'.

À qualitative conpå,ríson of the three 1.ead.s showed. that although

the cor¡esponftirrg re?ordin6 típs were on13'l cm. epert, the activity

at these three ðifferent leveLs ças usualI.y narked"ly &issimilor' Ït

was not unco:¡¡lon to fi:¡å tit*t pressut'e changes líere beirqç :ecorrled- fron

solely the proxi:ea}, interaed.iate or disteJ. cetheter (feads ITT, II ard-

I respectively). .êJternetivel¡', tno of the lead.s at tinres shoç¡ed.

activåty ind.epenôently of the third. oræ nhich remair,ed quiescent. Tn

the control subjects 1ea'd. iII sa.s a'lnrost invariably tl:e raost active leod',

ivher.eas pe.';i"ents ef,ter partial gastrectony usually hr.d. r¡ore ac'civity in

1ee-ð Il, Synehr.onous activity of the three leeds ¡'¡as nost eviclent

after Frostigmine bp.d. been given, the activity boirg of t¡49e 1IT.

Prog¡essirre d.ela,y ín the €rppês:ce¡ce of a ttave in the 'ch:ree lee.d-s r'¡as

orrly rarely obseyverl. Prrogr.essiorl r¡es only seen uith rhythmic t¡rpe Ï

l
F,
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Ibootlgn*nÊ rr#re used. ån all experånents in which the
dr*g was useån Paper speeå O.5 n¡nn per seconð (oæ
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Fre.ves (basic rtr¡rbhn) (S'igpres 1O and. 11) and. type III activity. F,etro-

6rade conduction of r¡¿ves frorn the ùistel to the proximal leed. was not

encountereå.

Basåe rhytirn nås present orrly rlur.Íng the restir:g phase. rt
consísted" of rhytlunic tSrpe I waves at a constani rate of 11 to 12 w&,ves

per rairute with or w'ithout a change Ín baseline (rigur.es .lo ar:c. 11).

Itog;atÍ-r'e pressure d.eflectio!1,s Eere often seen d.uring perioôs of basic

rh¡"tlun (l':"guxû tl ) uut l'¡erre others¡lse urrco¡Eruon.

?he en¡rlittd.e of the pressure ehanges recorC.ed. frora the s¿rall

inbestine veriecl greatly but orrly rarely exceed.ed" !o nn. IIg.; most

r'¡åves.had an aerplitrrd.e of 10 to jO ¡nr¡. Hg.

The lerse intestirÞ

fn the Large intestine the varietion in acti'l-ity frora subjeet to

subject He.s even more nar''l¿ed. than in the snell intestir,e. During the

resting phase there nere period.s of qniescence as rong as 10 to 1J

¡oinutes. lhe pred.onina¡it activity nas of t¡rpe rr (rig¡:re 13). f,Jæe

. ïï weves nere seen aloræ, grouped. and. in pairs. r¡rpe r lyaves vrere

record'ed. nore freguently fron the rectun than fro¡a the d.istel colon.

Typo I ancl type TII Haves.irele conparetÍ.vely rare. iyile IV Frsves lrere

not recogr,i-sed,

Inðeperdent activÍty in the tli¡.ee lead.s ¡vas the rule during the

resting phase and. n¿s aoz'e coiìuìion j.n the colon a¡¡d. rectum ilre¡r ín the

sne1l intestine" . The trece froni the record.ing tip furthest away fro:u

tbe anrs (feað I) rves alrnost invariably more active than traces f¡om ti:e
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IV - fhø uotill.ty of the eaa]l intestårp. fhe aeans ard. ranges of, the values for the percentage activity, the
notility ind.ex, tl¡e nea¡r anBlitrrèe of, the saTes er.d. ttle nean åuratioa of, th.e wavee ån control oubjects

ard. patients aften partial gaetrectony.

Con*roL
(6 oases)

Partåal Geetneetomy
w1èhcut ßåunpångr!

(1e caoes)

Pa,rtåal Ga.atxroatcæ¡r
råtte r?år*u,pizrgrç

(6 eases)

Mean

32,1
&o.o
58"2
l+7n1

(rasree )

19.6 - ¿&.2
2E,l+ - 5¿+,7
2r"1 - 57,5
2O,2 - 7ì+,A

("*s* )

(9"¡* - Zo.V)
(t5"¿* - gaå)
(25"t - 9r.g)(ig.t - 76"5)

tz"6 - 7¿*"l*)
(¿r"8 - 77.5)
(zz.g - 105"7)
(zg"g - 127.9)

{i0"6 - z:¿J}
(4"t - 29"2)
(6,5 - ao.o)
(8.8 - ¿+8.7)

(ranea )

{zb.T - ¿u5"r+}
(o.o - 61"2)
(zg"g - 81"å.)
(¿*t.5 - ¿+;;"â)

(e3"9 - Ìu6.8)
(o"o - 69"8)
(t7"3 - 'â56.2)
(et.o - 6E"z)

32,6)
t9"2)
26"7)
57.6)

30.O
57"Q
5l+'7
76.A

Mea¡¡

37 "125*2
t&.6
142"1+

33.8
22.5
5Q"5
¡*{ ot}

üea¡.

3,[otor aot[vi.ty (%)
Rest
Food. 1

}'ood. 2
Frostignåno

(
(
(
(

3e"J
¿rt 

"7
59"2
53.2

; tfctilS.ty årdex
1l

it
Jt
,¡

I

,

¡

i l',iean ,4nplifuðe
¡

Rest
Socd. '!

Food, 2
Prostågßlr€

2'1.1
23"6
19.6
55"3

10.6 -
lZo2 n

13"5 -
1o,5 -

1o"'l
9,1
8.¡å

1CI,5

13.2 (7.? - 16.5')
12.1 (9,6 - 16.7,
12"9 (9"1 - 16"5)
1A"0 (9.? - 21"5)

(
(
(
(

(nt . Iíg. )
Rest
Food- 1

Food, 2
k"oetlgniræ

:

, i,:ee¡r duraticn (sece.'rã's)
I aest
Ir Fooô 1
){ Føs& 2
i Frostågnåæ

1

i
i
{
I

7 - 13.6)
7 - 12"O\)
7 - 12.tr)
2 - 12.tt)

(7.
(3,
(5"
(8"

'.2.8
12.9
11'6
2A.7

12.2 (9.4 - X5"5)
11.9 (9,o - l8"o)
13.3 (7ð - 29.1)
11r,9 (8,1 - 21 

"7 )

't2.7 (6.g - 19"6)
1?..V (6.8 - 18,7)
7'to3 (5"a - 21"53
't0"8 (5,6 - f6"o)

11*6 (5.t - 17"7)
11.O (5.3 - 18.6)
1t,S ti..g -tA*P)t5"g (6,Ð - 2,2.9)
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this was so in all categories of patíenÈs'"Io¡ser rCIcord"fn€ tiPs;

sfird.íeå.

Synchronous åctivity at tr¡o or nore levels of the large intestine'

vras particular'ly eviðent af,ter Þostigníne had- been given (Figure 1¡)'

Íhe activity vas usuelly of t¡rpe IT ard often rtr¡rthrnic at 2.8 to ].O

wåves per nínrte.

The pressur.e changes recorûed. fron tite lerge intestine varied. froi:i

Less than 5 axû. T{g. to over 11O u',t. Hg. (Iigpre 13). However, Haves

ín excess of 50 nul. Hg. îrere unusueJ. and. tho waves of ty¡re 11 which

constituteð the greater part of the actívity of the large intestine

usuall¡r reachcd. a hei6ht of 1O to 20 mrn. Hg.

0uantítetive Ane1.'r'sis of Catheter Stud.iqq

îhe s¡uall- intestir¡e

Gan sì.rbiects and. patr- ents after p-r.:rtia1 gestrectomy

Tl¡e results of the quantitatj.ve ana-lysis of motility e,re sus¡neriseð

ln Table IV" In this ar¡C. other tables and. ín the graphs ttFood. 1''t refers

to the first 10 ninutes foLlov¡ing the stendard neal ard rrFood.2rr refers

to the subsequent 2O uír¡:tes. rtFooå 1 + Ztt e¡Bbraces the entire JO

ni-nutes followíng the lreel. Ehis subd.ivision was msde to detect

r¡hether these ìïcs er1f abnorraa^Låty in the response of the intestine to

food. ôuring induced. attackg of rtdunpån€" in the patients after pariial

gastrectomy.

The values for the notility irrd.ex ín the control- subjects ere
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presentod. J-n Fiëure 111," lInex¡:ecterlly food. d;icl not ân&rÍÌent tho

r,rotùiity of the sruË.1l intestine. Hoïlever, F¡'ostignirre cau$ed. an 
.:,

ir:crease Ln the meå.n notílity 5-ndex, although the vs,rLatisn in

inúivid.ual cases rves co¡rsid.ei:able.

The ranga of the iaotilåty 1r.d.ex of the patieirts e.fter 
"irêrtia-L

ga,streetoay yJÉs consÍd.erabLy larger th¿r"n in the case of the ccntr.ol

subjects (ta;le w). Tl¡e valr-res fsr the patier:ts r'¡'ithou'L tire d.unpi:rg

synûrone a,fter operation are illustr.ated. in FS"gure 1l a::d. 'bhe values

for the patíents r¡-tth rtd.unpirrg;t ån llgure 16.

li'iexrre 17 ij.lustrates tÌre changes in percentage ¡notor eciívÍty Ín

the eont'rol- subjecte and. 1n the tlro groups of patients v¡ho lraû hed.

pel'tåâI g&strecrúô¡ûjr. fhere was little èifference 'i¡etveen the three

groups d.urir:g the restir¡g phase a¡d. follouing Frosti-graine. llo';rever,

the pe'Lients irr r:¡hon the årmping syndrone r¡as irt'uced. shoryed. e ¡eclr.lcti.on

1n percentage e,ctivity i:-anediately after the stanrlard. neal h¿y1 been

given. Tkås reduction, althor.rgh proncuneeå, was not statistically
sign:ì"ficant (p) CI.05). Tbe patients lrith the rfurmping s¡,.nC:.one shoo,¡erl

a 6reater d,ele"yecl response to food. than ü.irL no¡m¿l subjec'cso Hoi.iever,

their res?onse r¡es not as marlied. a$ that seen in patients t'¡ithout the

d.ura¡r:lng synd-:'oneo lhe d.eLa¡,'ed. resironse ån this latter group Te"as sj.g-

níficantly greerter tiran that in nor.r¡al subjects (p( O.O5).

Íhe d.ifferenees betq'een i;he thc'ee grorips beca:le r¿ore strÍl$.ng when

the r+otÍ].åt¡r 1n¿.** was used. as a basis for conpa.r.ison (Fi6u:,e 1B). The

rest:ì.ng acti.vit¡' in patients who had. harL partiel 6astrectony and. in



T¿3tE Ts - lhe changee in the notilf.þ of the sneIl i.r¡testine in&¡ced, by foad.
amd' by Prootf"gniæ" A etatåstical ccnparågan botween ti:e groupa.

Fhase of Bocoråån6
Reet
Food. I
Fooil 2
Frosti6laire

F!¡e,Ee of Reeordl"ng
&est
Food. 1
Food, 2
Prosttgnira

FhEee of Reoerdåag
Reet
Food. I
Fooel 2
Freistlgnire

Conteol
Mean notålíty iãlex

21.'t
23.6
19"6
"â?

Control
Mean notíLåt¡r Ldsx

21.'l
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Fartía.l 6aetrectomy
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22."5
G.ll ?
l+1.6

Sig:øiflcar:,ce
of äåffererce
betc¡çen râe&¡þs

p> o"ø
P 7 O.O5
p 4 0"t,[
S,> O"S5
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TÂ3t8 Vb - lhe changea i.n the motd.låty of tbe saall intestiírÞ irduceiL by
' food ard Fbosttgmlne, A statåstlcal ooæBariaon råtbi.n oanh Spt¡p,

Oroup

Gertrol
Partåe3 gaetnectomy wlthout rdunpingo
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ÇrouB

0antmL
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Pertia3. gastrecto4y wC.th uôunpingü

ÊrcuB

Cc¡¡t¡ol
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21,.1

JO.O
t3.8

Rest:
l{ean uotd.llt¡r 1¡d'ex

2'!"1
50"o
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whon ëåwrpirqrf van irdueeð lry food. was eig ifåcalrtL¡' lrÍgher thsn in

tho cont:ul strbjoets ('taUte Va). 'Ihere wü.s & narked. redue'bion ån the

notility ínåex rnith the onset of s¡nnpi;o¡rs of ttðumping'i, aSthougtr this

d.id. not reach s J.evel of etatiståcal" erigrrifícance (tablo VU )" Homever,

the nea¡r notålity årrlex of pætients with syn¡rtorns of ilclimpingtì trâõ

approxi-nately the s,l;le es that of tho eontrol.s but consi-d.ev¿lbly less

than that of po.tiente urithout ürlu.mpingir. Stetietíca3. enelyais of the

chenges irid-ucetl hJt f'oo<l is presented in lables Vs and' Yb.

Accompa4¡cir:6 the subsidcnce of, tJre attack of "êunpingrt, the

rnotílåty increasecl to a J-evel çe11- al¡ove that seen in the cantrol

subjocts (}'igurer 17 anci. 18), The êelayed r"esporise to fooð was of

the eame magnítude in both subgroups of patients efter pertåeJ"

6aataectomy alttrougþ it reached levels of signif'åcance on-ty ån the

group without the ôunping syrrrlrcne (Tabl.es Va and. -Vb ). Þy eontrast

the no¡mal subjects ðisplayed rirfualiy no response to food, fustig-

nino augrnenteù notility in a-11 groups but r¿ost nrarked,ly in the petients

aÍlter partial ga.strectorny in whom an attack of rrdumpingtt wao uot

Írrluced. by 3'ooð (¡'igure 18). Jn these patients the nctility frdex

was sågnificantly higher after Prostignrine thar¡ clur{,ng the resting Bhase

(faUte VU). However, the d.åfferences between the groups wer€ rnt

statietÍcal}y nigniflcant (taUle Va).

Ttte responees to fooð of two patients a.fter part^iaI gastrectomy

are shornr in lågrrres 19 a.¡:d.2O, Tbe tracing in.t'igure 1! carne fro¡n a

pntj-ent (case 1$) vrho d.id. not experience s¡rruptoras of tfd¡rmg'ing". T¡rpe I
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r:ætivity Ì're"s lresent 'Lir::oughout the trocing, altÌrough t¡rpe IÏI

ac'Låvity predonin*,teð toward.s the end. of tÌ:e record.5-ng períod, In

eoutrast, tlre tra*in6 Í.n Sigure 2O was reec:.tled. fron a patÍent (caso

12) ån r¡lioïl the stanåe.lrd" neal incluced sueating, vedirress and. palpít-

atíons. Tt ca,n be seen that after t¡o r¡raveõ appe,*{ng rvith pro-

gressive dela¡' in a,].l tlu'ee lcad"s, the s¡:iel]- íntes*;ine renained.

coiapleteJ-J¡ inaeiive for neår1jr 1j uinuies; sr, slolv r.etuz'n of type ï

activity 'Lhen accornparrled- tìre d.:isappe¿¡¡'ance of the s¡,rnptons of rrêumpingtr.

fhe nec¡r a;apli-tud.e of the vaves r¡as consj.stently greater in both

g::::::::::::::::rot¿p,5 of patients a^fter partial" gastrecto¡ni¡ than ín tlre control

subjectr (Sigure 21 ). 'Jhis s¡as particul ¿r.ly narlieil af'ter irrostígnine

fn patients vithout the rlureping syrd.rone. The iri6h mean enplib"rd.e in

the patients without the dumping s¡r'nd.rrome c¡es reflected j.n ar: excessive

n¡¿ber of waves of e hi.glr en,plitud.e in this group (Figure Z2). Figure

22 a]-'so sho',rs tira'c tlìe patients vho e4perienced an attack of rfd.unpi.ngtr

did. not reaeh an eque1ly high nean arapliturle in response to ?ros'ci.gni-ne

because tÏ:e increese in the ¡ru¡rber of lrigh î{aves vas ¡aasked. by a, more

pronounced. j.ncrease in the rqì¡nber of lorz rJaveso ït c*r be furtÌ¡er sesn

that both ín the control subjects ancl ån the per,tients efter pariial

gastrectony "ulaves of lorv an¡rliir:d.e were the most comiron d"uring all
phases of the record.írg. ï'1.irtheïnore, the d.i¡linished motiJ.ity of the

snall ín'ces';ine cluring provoked. attacks of ¡fd.umpingtr Ì?as drre to a pro-

portional- d.ecrease in saves of all aarplitud"es" Fi-nal.ly, tire excessive

J.ate respor:se to foocl in the patients rsiro ri.i-d" not experíence s¡irnptons
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gÄeflB VI CatJrcter sh¡d.iee of tbe saa.l-l åntestire' The ¡rercentage notor actinriþ, thE ¡notii{ty årder, the

sean an5tlåtalåe af th,e çaves ald. the ¡nearr ô¡rrçtåon of the ã'âve6 5.u a grcugr of patiento
wå th nåsc e].1a$s otrs a3"å.nee ntaqr d,lsc¡rd.ers.

CaEe Ðåagaosis

27 ã\;¡iotåo¡:e.L
d,åerrhoea

28 Furptl,onel
ðlarrhoea

29 Spøet1"e oçl.o¡¡

W Chrcnd.o
purgotlon

31 Ilåat¡¡s irel"trta

3?. SasÈad.o ulaer

35 lll"ceratd.ve
eol"itis

5¡s Ði.verti.culåtla
of the coLon

Boçel nabttû
teual At etuåy

D3ç

D

l{

c'D

!,Íotor Act¿nåty (Ø)
Sest Food. I Fooü. 2 kostågnine

38.7 71,5 76,7 76"',1

&foffilåty ï¡¡¿ex
Beet Fooil I Food.2 Prostågntæ

23.8 63.2 &5"9 73"7

fr.z 25.2 56'.5

't6.8 17"V i{8"5 63"2

3.5 ' -(t) B.z r3.I

%.3 3O.7 57.6

25.6 31,5 ¿,6.1+

g.z -(*) 1j¡"5

c

N

D

tÍ

¡q

D

t
$r

}T

63.5

¡{-o"7

,9.2

55"7

51.8

39"5

81"6

53,6

¡+8.¿þ

I+2.8

29.1+

62.1+

5t+.8

51r.7

¿É,7

2l+.6

llo.2

61.9

39.2

23.2

67.2

38,O

32'-9

1,.) I

146"8

91.0

D N 16.7 1A.2 5O.5 3tr.1 '12.1 6.&- 26"1+ %.7

*S3mbo3.a; 0 :n constS.patl.on

D = ðfarrhoee,

N = no¡maal bowel habtt
GÐ = alternating conståpatioa a¡d. d.Larrhoea

(a) = not suj"table f,or e,nal.ysås otr5.ng to a tEoirnícal fa¿¡lt Ln the reeoxding equi¡*.ei:å.
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Heaa amplf..lnrðe (m" Hg. )
!'ooi!. I Focô2 proetd.gniæ ldean cli¡:retf.o¡¡ ( aeeonóa )Focd.{ Fooð2 Proet*gmiæ

11"5 1t+*6 1J*.o 1'*8

12,4 1l+'2 17.2 16"O

9"3 1Q"2 13"8 16"2

g.z Ju) rl.t+

IFf (co$tårs¡ed)

Caee Rset Seet

27

28

0a

æ 6.9

8"8 15,2 goo

12,9 11.7 13.5

9,8 8.4 11"9

1¿+.t

12"7

18.O

6.6-(") g.3

31 11"7 16,5 12,O 13"6 21.1 f ¡{-4 15"9

æ 9,2 11.3 7O.3 lú.2 10"5 1o.O 10"9

t3 ,12"9 8.0 17.t 15"7 15"7 15.6

* 1O.O lc..3 9.5 11.6 16.t 19"8 11.5

9.5

9.7

15.8

1t*,6

16'-7

r¡-g

(")l Not auLtable for a¡pJ.üæio onring to a techniceL fauJ.t Ln the reeor.rting equi¡naent.
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of rtd..rnpingrt wa* reflected. in an increase in r¡eves of all a'rnii-l-:itud.es.

There were ïìo na3.lied. clifferencee between the three groups of

patients ín r.espect of the ríeân duration of r;aves (f¿Sur.e 2]) or t¡e

distrib'-rtion of tlre veves on the basis of ôuration (i;'igure 2]+)'

llouever, it can be seen that the moan dirration of the l?aves *ecorcleð

in patients rn.thout the ðuaping synd.ror*e d.ecz'easeri. in response to

Prostigaine (Fi$rra 2]). Tiris decrease l?as due to a markeô rise in

the nunber of short r¡aves (figure ZtF). FurtÌreneolîe r short t¡e.ves

laeting less than 10 secorxls (t¡pe T) rrere more numerous tiran r'¡aves of

intermed.iate or long duration in al-l groups of patient.s durir'g a,ll the

phases of the experiment (nigurc 2&).

p {".'i afltc{ r'¡ith rirísceIl srrooils alklenta¿-¡ d.isorderg

Table lfJ.. Lists ihe paremeters of notiJ-i'uy in the r¡iseell-aneous

groupo Àlthough the snall r¡ui¿bers d.o not pernit stetistical analysis,

so:re interesiing featr:res of ind.iviûua1 cases ltÍlI be aentioned'.

Çase 27 r¡as a l¡1 year old. woman 'ni'Lh a d-iagnosís of

f\nctional d.iaæhoee. She had. e4perienced' eLnost

continuous d.ia¡:'hoea a,fter er¡ å¡gunent tzith her

eBplo¡-err. tno nonths before her qdr¡ission to hospitel.

she hed no abd.oitinal paín airart fron a slight d.i,scornfcrt

associeted. rr¿th a call to stool and. pron;:tly relieverl by

defaecetion, ?lte cliaffhoee uag aggraveited- by nervous

' tension anå by ingestion of food-s coniainÍ-ng egg. the



resuLts of, a barir¡:r neal and. a signaoiðoscopy- v¡erê nor¡141.

The d.Ía¿rhoea subsiåerl without treetnent during her stay

in i:ospital so tirat her bo¡sel habíts ï¡ere IloIlilal nhen the

record.in€ s¡as na¿e"

labi-e trfI. shorTs thet the resting pattern of mc¡tj-lity in

this patíent rrs,s norrual in respect of the percentage

actÍvity anå notilíty ir:d.ex. IÍorrever, the reõponñe

to the sts,fllüJt1 meal (one e6g arvJ' trvo'ceaspoons of sugar

beaten into rnilk) was greater than that seen in any of

the nornal subjects (tabte lV). Líkbr¡ise, the response

to Frostigaine rses in excess of nor::ral.o

C¿se 2B Has a m.an of J2 years who had. been subject to

intermittent attacks of clierlhoea fo:r fåve yee.,rs

preceðing stud.y. l{e eas ín'colerant to milk a.nd.

tonatoes and. had. leernt to avoid. these fooês because

they aggravated- his a^lÍnentar¡r s¡mptons. fabLe 1fJ-.

shows that the late response to the stand.erd ¡reaÌ in

this patient ¡¡as greater than rroilû¿l.

Case 29, aged. JB years, hd colonic pain with nornaL

bowel habits &lagnosecl as the spastic colon. Ile tras

an interstate roe,& transport d.river anrl suffe:'eð narkeô

e:cecerbatiorrs of pain lri'bh sr¡elIing in the left iliae

fossa each time he ha.d encounterod. a potentiel)-y

106

i:

!:

,.

r:tl-f*-r'r,çr4':t -<,Tq.glæ|!fP't-i.---r-aqEq!!í!iarÉ:qr"'-4.l€Ër¡::n-f,tie.



....'..e;*{ÈñÃÂsjjs.¿ d¡ú.-'*d.rr: .rÆik:*,;é.1La- -

ü.*r.r¡gerous såt¡.rü,tion on the roecl. 'Ihe d.escond.in6

colon rvas fí¡rn a¡rrl tend.er. Table 1l-1. shows thet

Prostigmine cåuseå a g:reater ¡ise in the notÍlíty

ånfiex in his case tiren i.n any of the control subjects

and. that 'Lhis rise wcs d.ue to i;ire high mean a;rplitude

of waves, tire per.centage activity and- r¿ean ðuretion

of waves buing nítlrin nor,nal linå,ts.

Tho patient rråth lor:gsts.nd.ing constipation (cese JO)

T¡e,s a 57 yeer. o1è v¡o¡uan" the constipatåon hed. 1ed.

her to use increasing d.oses of aperients errJ. to give

herself enemata, alnost every d.ay. As a result her

bowel habÍis aJ-tenrated. between seveÌ.e constiilation

arxL spurious d.j.e¿:rhoea. She had. unS"ergone tvo

laperotoníes for the s¡':nptons of iniestinal oÌ¡stnrcti.on

and had. had. e fur.therbrvo epísod.es treated. conset:Tetively,

Âttempte to r"ed.uce the close of purgatives resul-ted. Ín

increasång e.bd.ominal d.isiension and. vorelti-ng with the

rad.lological signs of 1ov intestinal obst¡atction,

Ìlorvever, bariun stud.:ies of the gesiro-intestinaL trect

revea^led. no organic obstructj-ono Á.t the tjme of

recorðing her senìm potassir:ra level nas greatly

rlí¡niulshe& at 2.5 mfiq. per låtre.

Table Vï, s?¡orys that ttris patient had. very ti.ttle motor

aci;ivity ån the s¡¡alI i-nÍeetine during the resting pha.se.
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fho percent*ge activåty and. noti-Lity ir:d"ex $ere both

less therì onÊ-hâlf of tha lowest virlues encourrtereð Ín

the control group. There Has e.l.so less activity after

food. t?ran J-n arly of tiro no¡:nlal sui:jects ar:d" the response

to FrostigìÌir,e ¡vas et tlio lov¡ar J.i.nit of n,trual.

The petlerrb lvith a hietus hornia (case 51 ) neA susteíned.

}úgh levels of motíl"ity tÌrroughout tire recor.d.ing (fame

VT)\ anl the petÍent eith a benígn gastrÍc ulcer (case

J2) shored. narked. hypermotil.åty 1n response to

Prostigmir:e, In this la.tter patient the notÍtåty

Lnd.ex reaehed. a l-evel of 1t¿6.8 conrper.ed. r¡itlr a ma¡ci.sun

of 57.6 in the control group. This markeð i¡lcrease 1?åB

d.ue to an extremely high mean arnplitud.e of waves; the

percentage activity and nea.:l duration of T¡a.ves r¡ere both

'¡rithin nonlal lAqits.

The patlent rith ulceratåve col-i'Lis (case JJ) aLsa

d.ispJ-ayecì. arr excessive response to FrostÍgnrine B,is juclgeð

by the roo{;ilíty index" 
' 

The las.t petient Ín the

måscel}a¡:eous group (case Jh) sl:or¡ed. no markecl d.eviat:ion

fron the nor¡rrâ.l.

The larae intestinc
%,Èú

Con'brol su-bjects anê patients with the ir"riteålo eolon s¡¡nd.rone

The sesnlts cf the quantitatÍve anelysis of the studåes of the
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fAffiS ìmI Cetheter stud.ios of the large inteetfus. fhe Eea"ns anå rar:geE of the naluee fer the percentage

motor aetS.vityr t!¡e notllíty lrdoxr the noen anplf.hrd.e of the ç'ares and. tbe raearÀ ôure,tion of the ?r&,rêa

, ln contæol subiects alrd. Batåents with thc åarå.tab1e oolon ey::drane.
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ì

0ontrcl
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-{o o
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Rest
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Fooil
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Èfean .ârylåtal'd'e {*n, llg, }
Fæst
&notlon
I'oocl .
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ffean Dr¡retLon ( seconås )
Rest
&otion
Foaô
Proetlgniræ

l{ean

't7"9
f9"O
?2.4
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' fÁ898 TTII - VasiatLo¡¡ å¡¡ the roetång pettern of æctfl5"ty
of the dåstat large intesti.ne" Comparåaon cf

seBareteþ a,nal¡rsed !o''æ5-rrrte peråod.s of extend.edl. recorrlinge ia two no¡nraL suÞjects.

CeEo 4¿ Case Is.5

Ito.tor aatJvfþ (f")
Rest l*
Rest 2

Rest ]
Reet ¿*

Moan 56"2

Motttft¡r fdEx
Rest I
Rest 2
Best 5
Regt lÈ

See¡¡

15.5

27"2

y.t
,3"'
27.4

16.5

25.7

25,6

17.3

21.1

55"6

fi.7

fi.7
¿+9.7

I+4.2

sn8eet 1s refers to the firet jO nånrtes of tf¡e exterdsrl restiug phase; ngest 2r
to the geeonal JO rainrtes, ard so ono



1lå3[,3 Ir

No, of
Case d.ays betøeen

s&¡d.ies

Motor lrctåv:ü¡ (%)
&otion Fooil Pnosligeår@

5"o

'ti¿riEtion fir the notillty of the ctåstaL J.arge lntestLne. Conparison of ropeatedl

, stuclies done on oeparate d.ays in four normaL subJocts.

3øet

EE 9.3

10.7

t.7
6.9

5.1+

3.5

20.9

21,O

22.1

7.9

10.t

t$.5

9.7

¿#.8

219

8'6

8.6

15.2

5.7

o.g

6'1.¿Þ

10.5

32.9

16.5

11.9

7.8

1'1.9

18.1

2.2

2"7

59.O

60.4

,8.,

37.3

n

It

1

1

I

I
il

tt

58

t+¡+

52

$
2

2

Best
Hotilf.ty fnd.ex

&rotj.on 3'ood, Prostågniæ

1.8 o.5

2.3

å-.1

5.8

l.|}
4"2

69"5

5.2

32.3

trg.1

3,4

,+" O

12,7

1r0

2.4

1n7

3.5

11,5

15.V

29"5

11.5

52.O

l+"7

Tl.a

7.8

7.7

6,7

7.8

0"6

o'8

96.6

tp,4

71'6

56.6
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large in'testíne âre sunlïe^r.ísêd. in'Iable l[JI. the d"istnibution cf the

vålues for the notilåty ínô,r;x ín 27 stud.ies caruj.od out on cairtrol

subjeet* is ållustrateð in 1+i6uro 2!. "Although thers i.s consid.erable'

vâ,riation betueen d.ifferent subjects, eotìipå.rison of 'tire mean veluçs

shoï.¡s th¿t the uotor ectivity of the rlisi:al large Ínteetine rsas

augnent*d. by eurotlon, food. ¿]Jld. Frostlgnine.

Stud.íes l ore per:forac¡d. to as$ess ihe congtaney' of the motor

actielty of the colon. $wo norinal Bubjects under:r¡ent prol.origed.

recordånge of the re.sting pat*ern of mo'cility and. ths tracinss Tlere

analyeed. in seperate ha1f-honr peråoès. The results of these stl.idiee

€r¡,e gíven in 3¡rbLe VÏIT. The agreenent betc'een the seperate periods

in the ssrie iid.iviåual r'ras usuaf,.ly elose, although the percenta6e

activity ån one of the subjects vê'.ried. by es nuch as one hu¡:d:'ecl per

cent.

In ed.d.iti.on, four sf the control suì:jects uncfen'¡er:t e r¡¡nber of

s'cudj-es on d.ífferent days. The result of these s'[l;d.ies ere presenteô

ln lable Ïli. It can be seen thet vith only tr+o e:cceptions the leve1

of notil{'uy e4pressed by tho percentage mo'6or activity rena.iræd.

relatively coristâ,nt in any given lrerson. lhe first e:cception occumaô

in case }8 where foocL aryi Frostignrine failed. to auglent no'cí1ity

during the second, ¿ld. thirci er-perinents, fhe eeeolxl excep'i;i.on tras

seen in caso lr)¿- where the e¡.rotive interr¡ien faileô to enhsnce notility

v¡iren it r,¡es carried. out for the secord. ti¡ne. 'Jhe motility ind.ex,

bein6 a conpounC, e:qpression of enplj-'i;ud.e and dur¿:,tÍ.on, noveci in parallel
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r¡åth the percentege mo';Õï' activity but shar¡ed. g:..eeter veriation

(iaure m).

Enotåon aug;:re::tedr the notility in sone of the eor:trol subjeets"

ln $ of 1þ subje*';s the årritÍeJ- enoti.ve j-nterview (exclud.iag re-

s'L.tråies) was a.ssocÍated. r:itl: a¡r increase in the motiJ-i"Ly ínclex to 200

p€:T.' o*r1to or Hor:e of tl"ie resting value" .rl C.ecresse to 50 per cerrt.

or lcss of the resting value $as seen in one subjeet ard. in fire

renaining six tl:e chang* cl.urj.ng the interniew v¡es t¿ithln these lj¡rj.ts.

Ður{ng the inter'r,Íerr, mr*"lceci increeses in activity rzere seen ín

p*tierrts r'¡ith both higir etrå low resting leveIs of nrotility. Ì{orvever,

the íncre¡nents were generally proportional to tho resting values; the

!:i¿;liest rnotility ír:&ices ðu:::i-rrg the ir:terr¡iew r¡ere found. in the

patÍents rvith hj"gh ::eeting lrê,lues. It l'ras not possible to id"entífy one

p.lx'ticuler uoocl in the person being studiecL w5.th augraented. raotility
atxl anotÌ:er r*ood- ç:ith colonic j.nac,üivíty.

(ln occasi-or:s b¡'peractÍvåty of the lerge intestine ryas obser¡¡ed.

onJ-y virile particuler toi;ics irere beinE ùiscussed.:

Case 52 , à 36 year oId. Ër.a.n 
'râ,s 

servir:g a prison sentence

for forgery. 'rbe large intestine began to show s.br:i.kirig

h¡¡pe:::lotili-ty dur:ing a discussion of the sentence, wl:-ich

the prisoner consid.ered. rrndury harsh. The inczeasecl

activity persisted" ¡'¡hile he comr¿enteð on the d.ísherrnony

beh,¡een hie y¡ife ¿ncl Ìii¡rself. The mstility ind.ex

åncreased. fro¡n e. resting val.ue of Zj.3 1;,o 77oA, L
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TARGE BOWËL -'SPAST|C COTON

Efm¡¡¡e_ffi¡ the ¡notllity ind.ex Ín eight eürd,les of
patients sith the spÊ.stlc Eolon.
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TARGE BÕWËt - FUNCT¡ONAL DIAR,RHOEA

Fist¡qq ä?: fhe motiltty ir:dex tn thårteen sü¡d.ies of
patients rd.th f1¡netlone,l tÍp¡r.hoea.
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ðiscu¡¡sion of topÍcs other than the two above mentior,¡eå

d.ið not.augrnent notor activåty.

i{ovever, on othe:' occasj-ons h;perectivity of the 1r.*5e íntestine

preva!.l"ed. durin*; the entire ir:terr¡"iew anå t¡¿rs apparently unrelated. to

the enio{,ional signifåcance of the topico d;lseusseð:

Çase 36 r e l+0 year old. man, hed. been funprisor:ed bec¿ruso

of f¿r-tlure to pay aI5-:;roqf to hås c}år'orcecl v¡j-fe.

Excessive motol activity was pîesent througirout the

inie¡'vielv snrt did. not a,bate r¡hen presumably r.eutral

topícs r'¡ere d.iscussed" The ¡notilÍty írd"ex for the

' ínterr¡iew FIes 6J'2 conpae'ed' to the resting velue of

8.1+,

Eieht catheter studies $ere mad.e of patients ¡vith tbe spastic

colon and. tt:irteen stllclies of patients rvith ftnction¿ù clía:'rhoea. the

mean vaLues and. rangeg fox. the percentage motor activityr notilíty ird.ex,

mesn elrplitud.e of r,,'aves ard. nee:: du¡ation of naves are prese¡rte<1 in

Tab1e VTl. Fi-gures 26 enrl 27 shor¡ the neans and. d.Ístnii¡ution of the

1nd.åvid¡a1 values for the raotility irdex in these two groups. It can

be seen that in both groups the r.rotility of the large intestir.e

increeseð in response to the interwielr, food. and Prostignine. Ilolrever,

patients wíth function¿l &1arrhoea had. less activity c3.uring all phases

of ttre recorr3.ing th.an patients ',rith the spastic colo::. The uniforrnly

lov ¡resting l.evel of notiLåty in patients ',rith functional ðÍaruhoea was

partieulerly strÍ.king (!'íSure 27).
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lí6ure 28 i1l-u"stra.tes tÌ:e cÌl€'".nges in percentage uo';or arti'rj-ty

Íg tl:e nor::sl eont::oLs enrL in tlte patients nith tl-re ir."ri'c¿rble eoL.r:n

syrdrone ð"urín6 tho fotu' phaoe* of the reectrd.ing. It cÊrrr be åûûn

the* åLl" tlrrce groupñ had. nore actirrity rluring tbi.; interr¡ieL,, efter

food. and. after Frostignine ì;hc.n drråru; the resting phetse" The i¡:crease

ln percents,ge motor *c'i;ieit¡r i"nriuced. by Prosti"grnine tras higl:-ly signåfi-

cant itr a-11 tirree gi'oriï)s (p "-* 0"001 ). The resting lcve1 o¡ s.sfirrity

of patierl;s with ftrnc'bionoJ- d"i¡:n'hooa r¡as loüer than 'blre l-evels of

control subjects ancl p:itÍents r¡Íth the spastic colon, a¡rd tirese

d.:iffecences ÌTere statisticeJ-Ly sÍg::ífice,nt (p{ O,05).

Få,gure 29 illus"b¡'etes the nee.n rnotility j.nCrices of 'che three

Sroups strrclfed.. 'lhe inactivity of the d-istå.l lerge in'testine i.n

patients rdth function"i.l d.ia¡r:'hoea is egain evident. F¡¿tíent;s r.¡j.th

the spaståc color¡ had tlre highest levels of activity cluring all pirases

of the recorûing exce¡:t the inbervier¡ and. the contrnl subjects occ;upi-ed.

the ir¡ten:qec.íate position. î.sble x presents the statistical
evaluation of the d.i.fferences betveen the neans of the rnotilit.,w jndices

of the three groLì:Js stucLiec., Tt can be seen that pa.tients ul'r;h

f\rnc'bionel clj.aryhoea harl a sígnificantl3r 16r.."r ::lo,r;ilíty Í.:xlex than

patients rzith tire epastic eoLoe during e.Il phe,ses of 'uhe record^ing.

They aleo hed. el sign-Ì-ficently lol¡er r:rotil-ity ind.ex th,+n the control

subjects during tire restirg pheise.

Figures JO e¡rd. 31 empirasise sor¡e of the d.åfferenoes between the

tno subgroups of 'cÌre irr:ttable colon syncl"ror':e. Figur-e jo re1:resents
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the resting pe,ttern of ¡notÍlity in a peti.en't wifir the spastÍc colon

(case 2)) añ FÍgure ]1 il-lustrates the j.nactivit¡r of tho distal le"rge

íntestíne åuring the resting phase in a p*tÍent r,¡ifir f\r¡rctional

d"iemhoea (case 67)"

case 6J, r{ith a dlag;nosis of functional d.Í¡*r}rc¡eae 1ï{rã

€. J0 ¡'ss¡ old" latviên r¡orÊarl lyho had. been subJect to

recu¡rent attacks of ô.ierrhoea f.or the tr,¡o yesx.s

preced.lng the present stud.y. Â si-gnoíd.oscopy anê

be'rir¡¡n etu¿ies of the stomacb, snall intesti¡re and.

large intestj-rre revealed. no organ:lc lesion" fhe

stools r¡ere negative for occult blood. eurd- contained.

no pathogen:lc bacterie or parasåtes. fhe three_d.ay

faecel fat excretion sc.s 8.0 6rennos, ard. a bj-opsy

' speci-nen fron the rec{a-r¿ shov¡ed. no:rnal mucosa. The

serun level of protein bound. iod.i¡æ nas 6.2 pg. per

1OO ml. (nonnal l 3.5 to S,0 pgr per lOO ral. ).
During the restirag phese flrere Has vexy little
spontaneous motiLity. During the interview tall
waves oppeered. in the tracing shen the petient

relateð her experiences d.uring the Ge¡man anrl &ussÍan

oceupatiors of r.¡atvía in ilre secord i?orrd. ì?ar. The

motÍlity i-rr¡lex increaserl to 1J.B fro¡n a restirg velue

of 1.!.

Table FJ presents the s,tatiståcel evaluation of the changes in



['AgtE eT Statåstical evaluatåoa of t&e ehangos Ln the notf.15.ty of t&e
lsrge intestirÞ i'rl.ucecl. by enotion, food. a¡d prostLgntr¡e

Êroup

ControL
$pee'*åc coLon
Fr¿na**åone"l'èåa¡rrhoes,

#ronB

$ont¡'oL
Spaståc ocloa
Fr¡,netl.ona1 di e¿rrboe a

Grotrp

So¡*.rcL
$pe,stic oclon
Functåonal ùia¡.rhoea

Rest
DÍean ¡notiLity lid.ex

8.6
12.5
2.1+

Rest
å[een uot5.3.ity í¡ées

5
lþ

pæst
üean notlliþ ird,e:c

&ç*åon
Hea.E¡ not3.11ty år¡lex

f 8"¿F
15"3
5"9

Focd.
liean notåi-å*¡r årde¡c

15.CI
18"t{,

E.?

Pnoetiguåæ
üeaa notåltty l"ds:c

5¡{-o
Efl 2

17.8

Sågnf.fieanee
of &i-flerenoe
between ¡Marlt

Si.grrlfåcar:ce
of eåff'e¡eace
bets'een nçp,rig

o.05
O"O5
o"05

Sign1fiaanoe
of d.åffenence
betræeþ &eßr¡g

p( 0,ffi1
F 4 o.o0',l
p 4. û.OOl

F ) 0,Ç5
p Þ o"qi
¡r 4, O.ffi
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tlre sotílity ir,åex obrierveð during tire inte¡:"viewr af,tcr food. arid- e.f"ter

Fros'bignine ín the ti:ree Êx.oulrs sturLied.. Tt can be ..s een th¿rt

conpereå to the resting values orrly the petierrts witir functiorral

d"ig.lgþoea ha,l. a si-grrificant ir:erease ín the notÍlÍi,y ind.ex åurirq; t*re

intez,vieiv and. after food¡." llol.;ever, FrostiSnine caused a highly

sigruifieant ¡{-se in'çi:e rnotili'i;y l¡:clex both in the co¡rtrol subjects

anå ti:e iratients r¡i"'Lii the ir¡{.i:¿:.b1e colon synðronre, lr:ïgr"rre 1} shot'rs

*n* ysrr.i:onse tc¡ Ilrers'tigrnine in one patient r'¡i'Lh the spastic col-on

( case 6ll.)"

The fi¡'st emotÍve intervÍer¡ r¡B,s assoc-i-ateå vrith an inerease in the

notility åndex to 2ÜO per cent* or fnore of the rest-ltng value ín 2 of '7

patients ç'ith the s;astic colcn (ZS.qí) and.6 of 11 patåents rvith

furrc'cional d.ia¡-droe"- (5¿+"5ii). C)f the patients r'.¡ith f¡"inctÍor,al

cliarrl¡oea who exJrib:ited {ùis incl'ease, dl }¡ut one }rad. given a historXi

of aggravation of the s¡nnptons b¡i nervous tensio¡r. 'fhc raotility

inC"ex decreeseð tó 50 per cent. or less of the restinS value in ovre

patient witir the spasttc colon enð in tvo p;..tients t¡ith functional

diarrhoea.

Â,fter food., tr¡o of seven patients rvith ihe spe.sti.c colon shor,'ed.

an increase in the ¡¡otilíty ind.ex to 2OC per cent. 01" aol'e of the

restíng values; neitÌ:er gave a history cf intolerå!ìoe to nillcr egg or

suge,r. $even of eleven patien'l;s vith functional d.ia:'rhoêa had- a

sj¡ril-*r i.ncrease af'ter the stendsrd nea.l, a::,ð of thcse patiente three

çere intol-erent to nillc.
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. lhe renaitúr,g t¡.¡o patients r¡ith the år.ritabLe colon syrdrorne å.nd.

an íntoler&nre to ír:g:e,*lents of the steind.e:rd. neal had. functional

dåarrhoea, 
. 
Ir¡ one patient the r:rotilåty år:ñ.ex after food. nas 1l+j per

cent, of the resting raJ-ue. The other petient shor¡ed a red.uction i¡
the moti-lity ind.ex 'ta 77 per cen'ü" end. 58 pen cent. of the reeting

values in tr¡o seper.a,'ce sdr¡d.ies.

Tlhe ¡;rean a:nplitudre of the ïraves Í¡: the cc¡ntro1 subjects erd. 1¡re

patien'rs r¡ith the imitable colon s¡md"rone ís shor¡n in figr.¡re j2.

Patients y¡ith the spaståe colon had- the highest mean arnplitudes

througlrout the recorclíng a.nd pa'cients F¡ith functional d.íarrhoea the

lov¡est ¡ne{ãll amplitud.es, vrhilo the control subjects occupied. the inter-
ned.iate position, 'Jhe reason for the 1or mean enplitudes in tJre

patier:ts rrith fl¡nc'cionar å:ia¡.rhoee is appare¡rt in Figur.e JJ. .!.lthough

lor¡ w¿rves oecurred. with epproxinately equel f:ecluency in all three

group,5, the patients çith functíonal d.iamhoea had considera?:ly fer¡er

r¡&ves of interqed.i¿te or high a,nplitud.e then itiri. the control subjects

or the patients y¡ith 'uhe spastic colon. i-íaves of the tlyo latter
cetegories çere most freguent in patients lrith the spastic coron.

FÍgure JJ also shol'¡s that F¿'ostigníne ceused en Íncreese nairrly in the

runber of raaves of fnterruecliate and. lrigh anplitude.

Fígure 5J+ shorvs that the Eleân duration of tlre ï?aves re¡nained.

vårtually corwtant thror-rgirout the pha.ses of the recordirlg an¿ that it
waÊ aFpro:c5-mately the sane in tlie eontrol subjec'cs anL in petients wÍth
tire irritable colon syndrome. fhe ålstribution of the wevss on the

:h-Þ:' :_r _--'*o=Frçn*o--,- 
"-.--¡.*.æÞ'*-.:?..,-
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be.sis of durati.oïr w&s e.pproxinetely equal lrr all three SrËups of

sì:bjeets a-lthouglt p*tíeuta ¡rith f'unctåona1 úisrrhoea tend.ed. to have

f'ewer ï¡&vea of al.J- duratíone tha:r eåther the control sutrjeets o* pa'tients

with the spastíc colen (}'ieule 55).

Palien'.g.-Ea !!_mj'lq*el"l e::e ou g då sr;rd.e rs afl-e e tj- ¡vl the o'1ån * ntar*' *a*,ç; t
Tlre ccrupositåo¡r of the mise*lienÊous gx.oi¡p ie shordrl in fs"bïc Il.

The nrajoråty of the pertients hs"cl harr either eonotlpErtion or d"i-arrhoea

es s. reÁlult of orgalråc d-isease, although nreqy of then hacl no:r¿al bowel

habíts aù the i;ise of the present study"

Nlne patients ån tl¡e niscelfaneous gx\?up had. cliarrhoea at the

ti-ne of the intraluninal pres$¡rs recor&ing:. Tabl"e xrr shows tb.at

these patåents had Low values for the percentage notor actåvity anrl

notility ind.exo Teble xrrr illustrates the verues f'or these tço

paraneters of uotility in controL subjects, patients with f\¡ncti.oru-l

dia¡rhoea and. patj.ents r¡i{:}r ðiars'hooa ðue to vsrious organic a}Í-raenta^r¡r

d.l.sorc.ers. rt can be seen that the notilÍ.ty of the l eirge intestine

vras reducecl to very siniiLar levels in the two latter gror¡psr

Five of the nine patÍente w:lth orgarric ali¡¡entary d.ísease ar¡d.

diarrhoea at the tÍ¡:re of recerrding ha.d. notecl cl"efinite aggrava.tion of

the d.íarrhoea by emotícn"al rension. lhe following case histoey

tllustrates this pointr

üase 76 was a J6 year old" woman r.¡hose preaentång s¡,rrpt,ams

were those of colicþn low abd.r¡minal pain and. inter:rníttent
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d.iarr*ioea' Ål-though these s¡mptons had. been present

for sone yeers she hc.d. lost no vreight anð wes in good

6ei::eral health. She attributed her attaclcs of

åiarrhc¡ea to e¡rotional stress, havir:g notj-ced. that even

minor clegrees of nelons tension ivoukl precipita'be en

attack of d.i;¿r¡"hoea. fhj.s ceused. her sociel enbarrassment

ar$. led. her to seek med.åcaJ- ad.våce. Although she hed. €ì.n

aversion for milk, eggs ard acid. fnrits, none of these

fooðs apperrently a6gravå.ted. the d.iamhoea.

Fh¡r*iisûl exeaination revealeð no abnorrnallty ard. the bloocl

picture, serS.imentetion rete and. barj"u¡n sùld.ies of the

snall anf lerge intestine r'¡ere all normal. $he .sas

therefore initially thought to be sufferÍng frorn

functíonal diemhoea, par'üÍcu1ar1y as psychogenic

factors appeared. to be inportant in proåucing her

synçtoms, líolever, tlrree-d.*y collections of fs¿eces

sholed. definite steatomhoea, the fat excretion beång J2

grarnaes in three d.ays, anð.2J grÊrrrres in thres d.ays on

two separate occasions. The ebsorption of labelled.

vita¡ni-n 8.,, vlas subnor::ia'l as nas the absorption of

<l-xy]-ose. .A jejunal biopsy specirnen shor¡ed. sub,total

víllous atrophy of the ürucosa conpatible v¡ith the

åi.agr:r:sis of íd.i-opathj-c steatomhoea.

The notility of the large intestine Eas s tuclied. shortly



I !

r Þ

H
tr ð Ë

.

H
ft

l"*
 À

o Ë
r,

tl
H

O
H

$â
Þ

tÞ

l".
l

H
Ð

H
F tu

È
J

H
E

H
Þ

H
Þ

*,
,t 

. 
..

F
¡.

;
(¡

).

lx tr
4 iä &
*i

¡
l('

\

H
r o H

,

-.
*s \¡
_

' 
À

) 
..1

i- 
þ¡

.j
I

i 
-i

'*
f. 

.

J

t0
 q

lìd
 

ar
*-

ì
4 

gt
 r

l 
ct

- 
gi

Þ
" 
\/.

13
 

Q
 ß

9Ð
 c

 
ðù

tã
Þ

iw
[J

o 
r¿

b 
É

o

##
Ë

 Ë
#

åS
 e

*H
'

àa
 'n

: 
p 

ã.
€'

t 
F

 l
ty

 rÐ
c}

 \5
 

È
+

 i:
j 

f/r
\u

 
ti,

 
P

. 
Á

3r
Ð

i$
ù{

ü.
,'P

äf
iË

(D
C

r 
hd

o.
(t

¡ 
áo

O
 \J

r 
l-L

 r
r

5 
r|

6
Ë

r,
E

 F
$ 

c+
(' 

hJ
 

È
í

. 
. 

F
J-

ct
ü

- 
Ê

'g
tlú

 t
J.

 
A

a
(Þ

 O
 

F
lrd

r-
Ju

 ii
õ

þO
é

C
â 

(+
 

l-r
.

o 
|'{

) 
H

g 
H

'ä
 or

5 
ct

l,
P

tt 
H

 So
o 

<
+

<
 (

+
(Þ

 (
$ 

<
â

fr
úo

,: 
$ 

Ë
'g

lft
Jr

+
'

gB
eo

" 
rã

'r
ç 

(D
l*

È
t

sÞ
oö

o 
4c

t
^H

.
gl

 o
 /

\'¡
-

É
J 

O
 F

T
¿

P
È

oO
cÞ

F
0 

€q
H

(D
lt

.l 
- 

r

ii î '..
;

1 
.r

i

..'
.. .'-
-':

i 
:' 

; 
-:

 -
-¡

-,

_-
-

l.-
--

-.
,..

,_

I

.;:
 '

\i



II

1

i,.i.ti
! l--i I
r trì

I

\Iread,
T

Iread,
Tf

¿,1:1.
tl
|'

I
I

I

a

t

I

I

.¡ i
it
t1

j; l-.i
t'

.:.

:

¡
I

I

I
I

I

I

I
I

lreail
ïïI \

t :, ì , l--t--
_r _i _ t._.:, , -'r !-l.t

.r__l I l

:

Finur* ã71
@- fho-large fnteetåne: the ¡Esponse to food, r.n the sanep*tåent råtir idiopath:åe steato;rboea (case Z6), paper

speeô O"5..rsn. per seco¡ut. lhus osre sna.1l sqúa¡Þ equ&lttgn second.g.

ììi

\



, .r --4¡.*jü¿;iirri*.Ð-lé!r;-;;'..--.. . -.. . ,- -.+ -;-" ' .

118

after an att;:.clc of ðiarri:.oea hacL subs:ïd"ed.. lhe resti:g

pat'Lern of r¡otility (Figrrre 36) sl:or,red. fe¡v in'cr¿¡.Iumin¿rl

lressuÌ'e clrnrges. Ðurin¡; the in'cerç:ieir', pressure r¡eveg

lycre seen, but their ¿¿ppearance ciid. not co¡relste y¡ell

t¡ltir d"Íscu.ssion of ar4r partåculei- to¡ri.cs (nigure 36).

ïhe s'uat:derri ¡leal induced ¡nar-ked. ¡,roto:. activity in ler*.s

ï and. II, vriri"le leed. ITI, elosest to ttte å,nus, reí;1s.ired.

relstively inective (Figure 37)"

Case 81 , wiro he¡l had. a u::etero-colj-c anastonosis, provici.es

another exa,r¡:le of the absencê of' 1ntral-ur¿inal pressure

changes associated. T'¡Íth the passage of J.oose s.boo1s.

fhis 4B yeer o1ð r¡oman h¡:d. hað. recurrent papillornata of

the bledd"er rvitit repeated. attacks of haenaturia, The

blacLd.er tumours were fulgursted. o¡r 16 seperate oeceisio¡:s

but kept recuming e¡d f1nelly a total cystectoin;¡ with

ínpJ-antation of both ureters into the signoid. colon vlas

carried.,ou'b, te¡r months before the notj.Ii.ty tests r.rere

done. Imnecliately after the opez'atÍon she began to have

2O to JO sei;ri-solid stools nrjxed r.¡itir urine every 2l¡ hours.

lhe frequency of the l¡oizel acti.onç had. not &lnir:ished. b¡,

the ti,ne sha r'¡a.s referred. for motilåty slud.íes. Before

the operatj-on her bowels h¿r1 been nonnal..

.å.t sigrnoid.oseopy the ureteric onif:LcsÍi r¡ere not seen but

the rnucosa of the lar6e bor¡el was l:¡4rerae¡aic an¡l shoy¡ed.
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ë*ææ-Æ¡ fho largo åntestlÐå¡ the resting pette¡nr of notilíty (top
paræI) enÈ tlre respeinse tlo Pm.stågmiræ (Icwer panel) in tire
¡latient v*lth ilpla"iete.tåon of 'both uretÐFa into the sågmofd.
eolon (cax.e 81 )" Faper spsed. 0"! nrno per seeond.; tirue
one -p.:a*.lrl squa.¡¡a eqT¡e,ls ten eesonüs"
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a fír¡e stiirpled. pi.gr-nentatíon" The rectum coni;cined. a

s:¡tall amoun'ü of nucu*, swri-solid" faeces and. urinr.

I'igure JB shol.rs the crotj-lity tr.ecings rlone d.uring the

restirrg phase end. Êfter P.msti¿prine. There tras alnost

cornplote inactivity in all three Ie¿r.d.s ôuring the reetír:g

pire..se" Prostiginine, however, cetlsecl n¡arked" motor

e.ctÍ"vit¡r in leerls I and. III ¡.¡h:ile or:ly smell ehanges in
intraJu'itina-l pressure $ere record.ed. i.n lec.d. TI. The

presence of :'espíratory !?s,ves ir: Ie¿ld lI shor,,;.s that the

nid.d"le catl:eter ï¡es not blocked..

of the petiei:ts l"d,th orgar:ic d.:iar¡*roea, flr-is Honan ira(i tire

hi8hest percentage raotor aetS-vity end. motilit¡¡ ind"ex cluri.ng all phases

of the reeor'åÍ"ng rrith the exceirtiorr of the resting phase ('f atte XTT1 ).
Thrrs in the petients with d5-e^l.r'hoea fron v¿¡.ious causes, t¡c closest

approximation to nornål ttas founcl in tire patient in whorq the pessage

of loose stools was tire result of a&:lixture of fe€ces lrith urir.ie"

Three patíents r*ith thyroid. clåsord.era lyere stud.íed., fwo patients

hed hy¡roth¡moåèisnr and one had. lçperttr¡æoid"isn,

tase 78¡ n'Íth a c.iagnosis cf n¡n<oed.eraa, r¡as a.¡?o¡aïl of 70

ye¿+rs who gave e trælve nonth histor¡,, of fatigue and.

fntolerÉlncê to eold. she hed. arso noticed. that her fase

liad. beco¡¡re tr;uffy e¡rc1 her voiee deep arrd hoarse" she

co:nplained. of loss of iraÍr and. of severe constii:ation;

the latter s¡n*pton ¡'¡as the one v¡hich had. csused. her to
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sesle nedical ad-vise. she a.l-so l¡ar1 chest psin tJ¡plcål

of åschaerqic heart d.isease" The ru¡ccoedenaterus facÍes eryl

the cold., drSru rcugh skin 'iîere strilcårg and. the senr'

level. of pro'bein bouncl iod"ine vas 0.5 Lrg. per. 10CI nl.
Tlte motilÍty record.ing nrs dor:e befor"e tre¿¿.hlcnt with
1-th¡r¡6s1ne hnd, beer: co¡,rmenced. ¿rnd. sl:osed. inactivity of
the d'åstal large inbestine cluring the resting prrase anrl

the åntersS.erv (Figurs jg, Table XIf )", îhü response to
food' v¡as wítl¡in noraal and. no prosti8nine .r*es gíven i-n
viel of the s;':',rptcme of nyocard:ial å¡schaemfa"

The seeord patlent rrith h¡çothyroid,ism yrå"s stud.ied both before

and. aftEr treatment:

Thie pa.tient (ca.se 79) ças e.4O yenr old. soman r¡,,ho had.

urxlergone a partial thyroåd.ectony 5.n i946 fo¡. h;ipertir¡nroid._

ås¡n. r.n 1959 the recu'rence of s¡rnirtoms reci to tre¿tnent
¡¡'ith radic-actÍve iod.ine. Follo*Íng thÍs treetr¡ent the

patient d.eveloped. s¡ærptorcs of hyr.*e1¡;,zroid.lsr;r ancl replace-
nent therepJ' rras begun. Horvever, five months befor.e t?¡e

utotålity tests rve¿'e d.o¡:e, she ,ooveð iilterstate anrr ceased.

taki'ng the th¡'roi-d. tablets. slie the' noticed. a 6radual
or:set of letlrar-gy, constipation ancl a feeling of cold"ness

as me]-l as €¡. coeffsonin€ 0f her. srcin ar:d. haír. ph;rsicar-

ex¡unination reveared the features of hy¡rothyroÍ.clisn and. üre
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Ëerun level of protein bound. iodåne lras 2.1 +rg. per 1OO m1.

I,{otility tracings r'.¡ere üone ernd. repeeted. a.fter seven ¡nonths

of roplfrcenent tlrerapy by rùich sta.ge the pa'uient was

cJ.inicalJ-y euth¡nroid." In particular, she had. rc6aincd ttts

normal use of her bo',';eJ.s. fhe values for. the percen*er.ge

motor actirlty anå ¡¡oti.llty ind.ex are set or¡t below¡

I[otol. eeti.vity 6)
lest
E¡ro'bÍon

Food.

.Hrost].gtm-ne

Þlotility Írd.ex

lest
&notion

Food

ProstignÍne

Before treatnent

Alt
Jt4

1"6

2'Ê'

31,4

tt2

o,6

o.5

39.2

.åfter trea'bment

1]"o

11.8

25,7

9,6

o. tJ

27.9

f' etu?-,-

The fl1gur'es for the restirg phese and. the response to food.

show that the return to a euthyroS.d. state l'¡as associated.

wlth a¡r :il:cr.e.?.se in notÍlÍty to'gard.s norrnal. The response

to Prostígnine, which before tre*tment had. been of the

magnitud.e seen in control subjects, changed" lÍttle.

-A striking contrast to the notå]ity patterns of the trvo patients

w'ith h¡rpothyroí.diu:l n'as seen in the patient v'ith h¡ryerth¡moid.isn (case

n).
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Case 77 yr&s a 74.year o1d" noman vhose presentin6 s¡rmptonis

r¡ere those of lrvitabillty, trer,rblirrg, muscular wea];ness

arul weight loss. ller bol¡eL h¿lbi-ts hed not altered. a::d

she sas passíng two forxed. stools a day. iThen ex¿'¿líneð

she had. wsÍìn, noist paLns, slight trenor of üre fingers

and. tachyc¿rrd.ia,. There wa.s no exophüreJnos or lid.

retraction and. the tlr;n'oid- gland. nas not enlarßed.. ,ftvo

of her sisters had. had toxic goÍ.tre. The serum level of

proteín bourd. iodir:e ryes 11.2 pS. per 1OO nl" and. radio-

active iod.íre uptake etudåes cor:i'irued. tÌ:e die€nosis of

h¡¡perthyr:oid"is¡r¡. Figure 4o shor¡s fire extrenely ective

pattern of motility du:{.rg the res.bing phase. Food d"id.

not augner:t the notor actåvity.

lhe effect of treafunent in a young boy uith acquíred. negacolon

ve.s asssssed. by repeated. notiLity stud.ies:

Case B7 was 
-a 

lad. of 1J years of a6e nhen he se.s first
str¡d.Íeô. During a sea voyege fron Englancl to .*iustra.lia

at tlre age of 11 he hed becorne severely constipated.

Thereafter he he.d d.aily liquid. boç¡el actions gith faecal

i"nconti_nence. ..1, bariuçi enema anil" a signoid"oseopy both

shovred. a greertly d^llated. recti¡n arrd. signoid. colon v¡iflrout

any nairroried segnen{: to suggest a c}iagnosis of Hirschspnrn6rs

dieease" FIe r¡as unable to appreciate nod.erate ciistension



of the recturn rrith aír ðuring the si6moid"oscopy.

fhe effect of d.aily boviel wash-ouis oyer a period. of

nlrre rnonths was neglåg$.b1e:

l,lotor activåty (f ) Beforc treatnrent

o.o
2n1

o.B

22,3

123

After treatnent

0"5

5,2
15 

"1

0.1

0,8
lç.3

Lest
Ðnotion

3'oocl

Prost5-gnirs

líotility inlex

Rest

Enotion
Food.

Prostígaine

o.o
o.5

o.2

5"'

Du:nirg the signoid.oscopic exami.rurtion at the second. sttåy

it was noted. that rectal sensation was stilL d.eficient crd.

that the large bov¡eI appeared to be as d.ilated as it had.

been nine rnonths pr-evi.ous1y.

F"ad.iotelemeteri ng from the intestiræ

the reåioteleneteling capsule r¡as usecl in lJ¡ seper,ate s.l¡rdies.

tfse was nad'e of the rad.io pil1 uainly to obta:in pl*es$ure tracings from

the caecr¡a end right colon nhile si¡ultaneous rrecordings of fire urotility
of the *istal colon a¡d. reetum Ìyere beiag me"d.e v¿ith open end.ed. catheters.
lhus tÌle capsule and the cetheters r,¡ere used together in 1J of the 1L
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n

I

Lf"qr¡n 4, (oare l+5); Íhe ¡tonaoh anit acocrd,lng oolon a¡e
ot¡tlÍn¿rl by barttrn narhcr!. The
rad,J.oteleneterlng caparle iç at the
hopatlo flcx¡re of the oolon
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re.ôi otel"e;netering stuûie s,

Tn some ceses the patíents svallor¡ed. the capsule t¿hj.ch h¿r,å l¡een

¿.ttaehsd" 'io 1J feet rrf surgical siIk. This length of sílk r'¡as usua,lly

found. to amest the pill in the c¿ìect¡rl or proximal colon. .åt o'cher

tjmes 'i;he tr1i.}l lvas s'fi'a1J.orl.ed. lrfreetr and. its progress l.¡as folloveå by

intenlit'Lent fluoroscopys Â rad"icgraph of the abd.omen 1ì¡e,s teken

before 'r;he recor',1Í.ng ltas begun 'Lo s}'ror¡ the posítion of the cai:sule ín

relation to barium ma;'kere outlinj.ng the stone"ch *nd. the ileo-ceecal.

regiono S'igure l¡1 shor¡s the capsule in the proximal. cr.rJ.on.

Rarl.Íotelemeterång t'ras perforraed from the followin¿; p::rts of tlre

íntestine:

Såte Ïft¡.mber of stud.íes

Froxi¡ral sTâ411 inteståne 2

Termin¿,1 i.leu¡u 2

Caecu¡r a.nd proxi:nal colon 6

Ðistal colon l¡

Tn no¡r.rsl subjeci;s the transit tj.¡ne for the unattached. capsule

ve,ried. frona 2l¡ hours to I,rO hours. The shortest ti¡ire of 10 hours

oecurred ir: a patient r¡itl: d.iamhoea (case 6J). Loss of contact r¡cs

often observed. 'when ttre capsule wes in the upper srnalJ. j-ntestine, but

i-t d.Íc]- not occur sufficiently often in the colon to r¡a¡rant contirurous

record.:i"ng of signal str.ength.

The tracin¡;s mad.e 'rrith the ce,i:suIe nere in no way d.ifferent frsn

tltose obteined. v¡ith cetl:eters f:'on eorrr:spond.ing par.ts of the intestine.

ILad.io'oelcnete:'ed records fron the sma1l intestine sho¡'¡ed. examples of
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fable XIY $ho percenta6a noto¡r aotivåty anfl. ¡aotålity irdex ån 1år red.åotelemeter{.r;8 etuðies

*e sf
.pnule

c¡ri-¡ue¿
nell åntestfu€

It

sÌeinn.L åtrer.:n
tt

crcÍ.maL colon

BteL eolon

Gp"oe

ard.
(stloô{r)

67

83 (r)

8, (2)

Dåagrøoås

FunctíonaL
ååeårhoea

Sy'etewfe
nas'ecn¡.tosås

Contno]"

Steato¡shoee
Systeæío
nastoc¡rtoals

ControL

BowoLa
at etuqy*

D

8es*

(o.&)

oa
6.2
o,7

(o.9)

35
38

3B
lÞ5

l+

35
l!

J+¡¡.

51

8.8

2,¿+
1"3
ttl
5.1

12.6

/¡ I\r/
(1 )
(z)
(z)

¡t

I
lt
D

fl

e?

It

It

åJ

N
N
If
H
TE

lf
E
D

$
lrt¡t
N
N

Motor Àetårrr@ (6)
Red,l.o pålå (oatheters)

fuetåen 5'c*å

f8"5 {â"0)

3,0)
10.5)

ls'6

10.1
7"5

ß1.il i"3
6"7

Jo8
2"1

1.,

(
(

(t
(r
Q
(z

1?,,9
14l.r
9"¿¿-

67.¡+

(a"g
('t5"2)
(8,6 )
(¡"2)

ç)

l¡.60

(+5"0)
(,t.7)

\
)

ñ
U

í

Frrcstågmlæ

æ,5 (14.¿¡)

57"1 {to.5}

l?oþ
14-8

1"9 )
8.f )
.B)
"2)

$

¡t

''
n

s

NE

?r

ßz,l)
(o.+.)

.l
l¡
2

1.

t
¡

2
7

)
)\j

25,3
5)'b
2'l "6o.o)

(¡)
{t }
(2)

I 3"8
éla)
lAo\i
16"2

(¡.2)
tzX.A) 35,8 (9,7)

17"9 {
18.1 (

8"6 )
1a.5

't.f,
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type ï a.nd. type Trr r¡aves; Feves of type.s r anå fT ¡rere sûen iÌl
tracings fron -bhe colon and rectura. tsressure ïïåveË fron fl:e ce,eÕun

and' proximal co1-o¡r l¡ere usually of sl¡o¡ter ðuration than tl:rose

obse¡r¡ed. in the di"stal lorge intestirie" The ruean d.ur.ation of the
pressure TrÍrves fronn the ce.ecuin ancl right colon in four co¡rt:iol subjects
during the resti-ng phase vas 1o.1 seci¡nd.s, the comesporrlin* figure for
the dlst¿rl colon and. rectun being 19*] seccnd.s. :.rf,ter focd. ar:d.

FrostiSnrine tÌ:¡ere ir&s no apprecieble d.ifference in the ciur.a,cåon of the
r'.¡avûs fro¡n these sites, the values being 17.8 seeond.s anrl 2O.? second.s

for the proxinal- large intestíne and. 17,j seeond.s and 1B.j seconrls for
the Left colon a.nd" rectu,"r.

The gastro-colic reflex which had. not been reco6nisecr i¡: the
catheter traces rl&s seen in record.i.r:gs from ilre proxÍ¡.raL colon (FÍgures
42 and l¡3).

ls'bre lüV l-ists the results of the rad.iotele:retering studies. lhe
figures in bracr.:ets uncrer- the headings of rnotor activity (;í),, ena
trrnotility ind'extt represent the results of simultaneous cstheter st.:d.i.es
of the d'i-star lorge intestiræ. JurJ.ged. by the notiJ-ity index the
contror subjects hecl more e.ctivity in the distal colon then the tr:rodmal
colon dr"rring the resting phase v¡hile the reverge îrås t¡ue after food. and.

af,ter FrostÍgnine (siuri.ies J5 e), sa (z), t-l anci /¡-5). rn tr¡e patient
t¡lth constipation (case 7J+) the d-istel large intestir:o w{¿Éj *rore actíve
throughout tjre recording" By contrast, the patierit ¡rho he.d dj.arshoea
at the time of s.{;ud.;. (stucly tJ e) ) ired more *ctivit¡r i11 the proxinal

'--t--%___--_
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TAETJE XIÍ Tho ef,fect of l-þdraz¡rtrSrpta¡nåne on tho noÈlltty of tbe
lerge i¡¡teetine in thnee control subjects

ìfotcr é.c{:aråty (É)
Raåio påIi (catheters)

t¡r fd.ex
(cathatero)

EotåLå.
Redåo p111

0ase-45. Capsule l,n ascend,ir:g coLon,

Lesting phese I; jO rairneteo

Restång phees lll 1o

5-trydroqrtqptenine Il Of to 20 nin¡tes
5-byåroxytqrptanxír¡o II: 2O to lr0 ¡¡inn¡tes

Case lr-J. Caps.lle in caec{¡a.

Resting phese = $ ni¡n¡ten

5-hydrorytr¡æte'rrLr¡s : O to llr n¡ir¡¡tes

Case $1. Capeule in left tre.nsverse colon.
Sesttng phase: JO nirurtea

5-hyAro¡,VtqpteraS.re: O to 12 nrår¡¡tes

1.7

5.1

,r.1
2j{*8

12.6

9.5

16"2

o"o

$9"6)
$ç"7)
(to.o)
(¡o.o)

(z¡ð)
(zz.r)

(o.9 )
(o.o)

CI.6

2.1

72.6

12.7

(58"7)
(¿ug"?

(6,6 )
(tg.¡)

(zo.z)
(t3.2)

(o"z)
(0,0)

5.3
3"1

I+1.9

0,CI

* üOtt cler:otes stsrt of Lnfr¡eÍon.
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colon than 1r¡ the distal colon a,r]ð rectr.mo

.e conpâå.år¡on of, tbe traces obtaÍnod. sith tbe pÍ11. ard. the catheterc

was siÊfJ.e in sùud.y i*i* (1 ). The pill was tieù to tho cs,theter esse$bly

2.5 a&" below *i:e higheet reec¡ri.ing tip. The resr-tltant trecing shov,'ed.

that the rÍâ.1tê l'ortrle ln lea.d ï a¡¡å in the trace frora the capsuie rvere

fd.entit}a (},åguro LrJr). IfÕrr:strer, the $aves reeoeded. by the capsule

vere v.Ðt as hi6gh ¡¡c those in J.ead I although they were higher thaa

those ån leaê TI.

The effeet of s¡isteuic !-h¡d.roxytryptenine on the motility of tha

1er6e inteetir¿e 'w¿ra investi6ated. in three studies ( caees 43 t t$ and. iî )

(falte XV). 'ilre resting pattern of ¡notility lra.s first reeo¡ded. ard.

a,fter an intravãn.ous irqjection of nors.al salire $*hydr.oxytrXrptauir:o was

J-rd\.reed. at the rates of I mg. per nir*rte for three r:ninutes, 2 rag. per

minute for t¡¡o ¡nir:utes ard. J r&go per minute far one mi.rute. 'I¿ble l(V

shows that case I+5, in t&on the unattaehed. capsule re¡cained, in the

proxin¿ll large inteståræ thronghout the e,r¡rer5.ment, respond"eC" to the

d-nrg rvåth alrgraented. motility of' the prolcfuraL col.on and, ði-uirristted.

motility of tho ð1sta1 eolon ar:d. recfr¡m. tr'igures ¿|5 a¡Ìð ¿{6 shos that

in this subject the effect of 5-h¡nlror.ry*brXlptanir:e on the distsJ- large

intestí¡re be6au almost j:nr¡ed"åately ard" lested, for epproxirnately seven

e$d. one*halfl ¡¡i¡uteg B^fter the infuslon had. been stoppeê. The respon*se

of *h* proxima3.csfon appeared later but lastecl f'ar the sa.ne length o{

tise, 'flte subject elq)e¡.i-enced. a f'eel.ing of wamth j-n the r¡rm useô. for
th.e inf\rsåon but irad. no other s¡rmptons.
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Case ¿# complained- of faintness and beceme per^le with a repid'

ntitree1lyrtpu1se å.s soon as 0.5 mé5. of the drug had been ad'nirr-lstereå'

There rrers no ebd.oninal s;,¡tI:toms. Tilc¡ furt'her :rttetapts proðuceð the

s$fie x.eection ar:ð the e4perinent was e'banrd.onerl. 'Iable iiv shov¡s that

tire close of 5-tryåroxytr¡çtelair:e useð hgd' no d'efinite effect on

no'bi}ítY.

ïn the thj-rd..pub.J.ecå (cerse 51 ) ttie capsule was initially ín the

ascerid.ing colc,rr a¡xl its pósition u,as ver'"ified radi'ological'1y" I1o*evert

shortly afteilLhe recording of the resting patter¡r had' conunenced' the

capsule moveå to tite left sid"e of the tre*¡sverse colon e"nd remaineð

there until tþe conclusio¡r of the experi-nrierrt' In this srrbjectt as

expectecl, the activity recorùec. both b¡r the cai:sule anô by tho catheters

clecreased Ín response to þ-byd.rox¡rbr"¡ptanirie aùlinístereð a'L the sane

rate es in case t¡5 (fa,lte )ff)'
,Ihus the notility cf tire &lstal le.rge intesti:re Ïras reåuceð or

e,bolished in both the er¡:eri.¡:ients ín ¡rhich a toteJ d'ose of 10 ng' of

5-hyd.rox¡rtr¡4ptar.rine was inf\rseð over e time of þ ni.nutes. Tlte proxinal

lerge intesti¡e respondecl liy augi:iented. ¡aotil-i'cy in one technically

soti.sfactory stuC"Y'

Cineradi .t"lr n stine

tinererd.iograpþic stud,j.es çrere perfor:'¿eel on 41 patients ar¡d' conbi::ed'

r¡j-'bh simultaneous ¡rancrr¡etri.c recorrliq3s in a].l bui 2 ir:stances' 3Ì:e

results of the cine filr,ls r¡ere ¡no*e rLi.fficult to express than the re'sults
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of manometric stud.ies as they could. not be quantativel"¡. analyseð.

$tatic picttrres ¡rre no'L y{elL suíted. to expx'ess a d.ynarnic process such

as the moverÂent$ of 'Lhe small j.r:testine' Hot¡everr ilrr atienpt rsas

nad.e to overooae thís problera by ereanging serial eine fra¡nos to

illustr¿te a partíeu1s* event. ITevertirc"less, it ís alpl'eclated 'Lhat

this proccdure does not adequately cornnauni.caie the rapÍitit¡r ¿n$

cornplexit)¡ of, the events in the sr¡1a1l intestj.ne.

It wouJ-d. not be possible to riescribe each cineredriographíe stud.¡r

separa'ce1y. 'Iheref'ore, the results r¡111 be given ir: the for':¡i of

genere,ù conr¿ents and ¿s a more detaÍIed. d.escrip'Lion of representû,tive

stuclies.

Ge_Ileqirå*{flryål€

fhe alternation of *ctj.vity and. quiescence srÌaich Ì?as a feature of

pressure tracings fron the sna1l and. the large intestine uas reflected.

in the cinerad.iograpiric ¿rppeåïsnces. îhe inaciivit¡' wers perticulsnly

na¡:ked in the tistal 1ar6e intes'uine r,¡hich at *i$es ha¡L to be stinulated.

v"ith Ïrrosti-gaine so 'chat co¡ibinecl rua.¡:olnetric ancl. l-ray stud.ies cc'uld. be

performed". The anatl intestine r¿as rarely quiescent foc' reore than tv¡o

or three ¡lirr,rtes at e ti¡e.

In the sma1l intestine it i,¡as not possible on ti¡e rad.iogrephic

appeerânces to d.istir-r3rish waves of t¡1pe Iïï fron a se¡ies of t1'pe ï
lrå.ves. ïn particul*r, the presence or abserrce of pr,:pr.tlsíon cliú not

setîve to separate thcse tr¡o wave t¡rpes fron each other, I{ovevel,

single t.¡pe I rrírìJes cou1d. be recognisecl beceuse t}re¡r ivere of s}rorter

îqsrrsF.4Þ-
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ðuration and. eanseô less prupulsíon than warea of t¡4pe I1I. The

segøenti.ng ¡l¿ovenents (typu I we,ves) rvere q'lr¡ost invariably associated-

wåth sone d.egr"ee of trar:sport of the contrast ned.irin which was usually

propelled. 3 *a 5 eeuti:netroe i.n eitirer èlroction, However, eince the

segmentÍrg contraetåor¡s nere general.ly most frequent in tlre upper smaÏL

lntestine the net movement of the contrast nedium wae fn an aborad.

d.lrectíon. 0n occasåons tl¡e eontrast ned,ium $a,s seen to move 10 to 20

centímetres ån a d.åeta} ðirection in one seconå. .û't such speeås tlie

veloeíty eff'ect r¡ou.1d. r¡ot be sufficiently great to impair the accuracy

of the intra.l.t¡¡¿inal praosur-e recordings frora the catheters*" tlaesåee-l

peristalsls corLsisting of & rÍs;\re of rele¡ration preceùirg e sl.owly

progæssive contraction was not obse¡vod..

Gastrlc en1:tying appearreð to be largely governed. by grarrity ån

patients who iiad. he.d. the Po3.ya opera,tion. No obvious ðifferer¡ces were

$fhe veloeity effoct resulting from the flor¡ sf lntestlna^L contents

¡rould. ileperd on the rate of the flow ad on tho orientati.on of the

recorrü"ing por'us ån æl.ation to the direction of the flow. lhe naxiiÊwl

posítive or negative effect on a single port could. not exeeeè a full
2

pnessur€ freaA. (þ, where v = velocity of flow). îhe accuracy of the
4.Ë

pressulre recorrlings frsm the srna11 intestine would. therefore nct be

significantly impaåred. ns each recordin6 tip had three separate ports"

(X.. Culver, personal conmunication. )



Flru¡s 47¡ The rnall I'ntertlns. Frane¡ taken at fours-rccord.intc¡ral¡ frm thc ofrç *lrn f¡om e patlcnt rho had,
urxl,en8oæ a Polya t¡pa parü.al gaat¡tctory and, in rhon
o¡ørptomt of 'rårmplngrt icrc rpt ¿rn'oeit (oãae i9r, i;tt¡t¡ a¡d. in all subcequent neproùrctlonc of thã otncfrþa- the,aeguenoe beglns rn ttrs to¡r reft hrod.-oo¡n"¡r
antl. ¡hou1d be read. fmm lsft to ¡,I.gùt fn tfre ime
lrÊtìrie¡F ae prlnteô text.
fhe gactrlo ¡¡ennant ar¡il the efrerent loop a,re outlirprl.
Tft.* J.c rapld. progre* of the contra¡t äe¿tr¡n through
t.l.e upper cma-ll fntestrnci the afifc¡¡ent roop haa rntfflleô.
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Ftn¡¡c ¿É¡ Tbs ¡nall I'ntcrtf.rp. Fraúes taken at four-saoord rnte¡sal.¡fum the olrp fil' f¡ron a patient rtro tra¿-trad-i rorya t¡nparttal gastreotony. (ca¡e,Iz), ru ürii pru"it thc rtênra¡.,nneal. pnorokcit an ettack_ of ,,á'nplngr. -r;; fiil reo o¡poeed,at tho cr¡dl of thc ¿ttack rtren tñ9 ãynptonc-],ad-¡u¡rr¿e¿-ia¡ãrv
P]! *t comptetely. on\y the effeirirt iã"p i" chorï¡.
YotgT aoü.vrty ir pnerenf arthough not to iñ"-i*. extent asln F16ure lr7¡ the malr rntegtrrþ app6a¡! dtlatecl a¡rd itsnarklngc a¡e lnrltstinot.
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observed" betl eet: 'cire appeaÏa¡lces of the contraetions of the small

intes.bjrne in the contro]. subjects and. in the patients after partiaL

ga,streotomy" ITor;,ever, ín the absence of 's¡nnptoms of ttdurapingtr the

inor¡enents of the srilall intes'cíne ç,'ere aor'e pronouncerl in the patients

a.f.,r;el, 6astrecto::ry than ån the control st-rbJects' Patients sith a

Foli,a t¡çe of e.na,stono$is eppeered. to have nore activity ín the cùne

fili;rs 'bhan pati+nts who ha¿ urrd"ergorre 'Lhe Bill'roth T o¡:eration' r'?hen

ciner.+t1j.ogrâ.phi, r,les perfor,med. cluring s;n:rptorts of ¡tdi-LÎlpingtt contvaetions

of the *n¡:11 j,ntes'cine lvere fewn In one Ínstenee vi::tually coarplete

quiescence an* lrpoolingrt of the contraot in the smal"l intestine

ocourred. Figure .l.¡.7 il].ustretes the rerliological etppearâ,nces irr one

patient with the Ï,olya type of anastoncsis who ðicl not herve the dunping

syndro¡ne, FÍgure 48 is 8. seo¡uence fron one patier:t efter the lrolya

opera'bion in wlrorn the cine fif¡n v¡es e:çosed. at the end" of an a';tack of

Itüirnpingrt; the d.egree of motor ac'civity is obviously less than in the

fj"rst patíent. Hoøever, anongst tire i:atiento with the Folya

&nas1;omosis no d.ifference in the rad-iological e¡"'pearsÄces of the snalL

inte.stire was er¡iåent bettveen patients trho hc'd' not experieneed the

d.urnping syrdrori:e aricl those nho hed, as long as s¡naptorns of |tchunpingtt

were not actually .ul.esent nlren the filta ues erposerln

. 
î?åth regr.;r,d. to the colon r¿nrl rectum, tire obsern¡eå contractíons

were far aore irurcquent than was the case in the upper snrell i.rrtestine.

Tire ¡*ovemerrts ìï,t:Ì,e efso slover eriô díc1 not csuse najor alteratiorrs itr

ihe outlir:e of 'Lhe viscus' The presence of propuls5'on rles diffÍcu].t
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to juôge because the contrast med.j-ru¡ tihen iryectetl 'chr:ou61: the catheter

fuz"bhest away frorg the enus tend"ed ts run donn and. fill- tlte rec'çul¡l.

fhus the viscus very quícicly became eornpletely ou'[l-íned' by the ba¡'år-ln

sus-oensåon so that analnard. propulsS'on coulô not be d'isti'ngUÍ'shed'

I{ever,¿heless, the Írnpression gairærl r¡ag that contractisns of the rec'utua

and. Io"..¡er signoid cc¡lon causeå littte ¡i:ovenent of the contrest medrir:m.

cor¡-e-Ls!ip--n-e:Llgg@-.gltffi ll.'i*!gåtåãg

-Al1 najor nsvernentg r¡hích ï¡ere obse¡"r¡ed. in the cine fil¡:rs in the

vÍcinity of the recorclÍng tips vere represented. by pressure Tea.ves å¡r the

corresponåíng lead"s of tire manorcetric tre.cíngs. .The reverse r¡as e'lso

true; al1 pressuÌ"e 1îaves haå 'cheir racliological counter1arts. ÌIo1Tevert

beeause of the conplexity of tire red.iologically observeð ¡rovenents ar.,l

beczuse of the frequent ove::1a,¡-,ping of loops of tire sìrå,ll intestine

ninor elterations in the outLine of tLre víscus eould. heve escr.peâ

detec.Li-on. These minor contrac'cions could. have occu¡ted v;hiie the

pr€ssulre trace ren:ai¡æô inactive arrl thus it v¡oulc1 not be cor-rect to

state that therc vas complete agreeiaent betrveen the rnanometric end. the

cånerad.iogrephic representations of notilit;i.

fhe heiglrt of the intralur,ìinal. prcssure ôuring a contrection cLid.

not necessarily comelate with the d.egree of namowång of the lulen of

the small intest:ine. Hot,,ever, hígh p""""** lîåves lïere aÊsociated. r'¡ith

nole ¡,rarked trairsilort of the contrast necliu¡t than w¿lves of lol¡

a'aplitud.e.



*-'

a
ao¡ a a

aa

r1*r¡¡o #¿ I rho gnelL inte¡tfrp. tr"r&c¡ talcen êt oÞ-sooord. ard,tro-eeoond, inte¡ryat¡ from thc ol¡p fil¡ ¡"* ; p;täitrftfgu! the durnplrlg ayrdrone. after tr,e pãiiã t¡æcpaftfa1 6artrectony (oasc Zo). The linc ã¡eli.ng Êd'the an¡oçs in fua¡nà f shor the poaltfon of ttrc reooratngtipl ln the upper rnall lntestl'rp.
The co*erponôtng p¡ro*u¡o traorng i¡ iü.uatratcd in
Tig,r* 5o anl the oorrseratiw anatyrrr i¡ ¿ctJred. r.nt¡he text.
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Ff.s¡re r¡CIs
aÉ..æ*- Bhe eaeü id"rt*T... lhe pæssure tracing record,ed.el'¡nults"neousry wåth the cinå eequenra in Figure h9. Tha

'*¡¡obere 
beneatl¡ ttr.* paær ¿nåieets trre poeiiion cr t¡eeLne fra:ias in ¡reration to tho pres$ure tracing, Framo

-r. 
i"- not:'repreeentec, on thís parer as it rryas teken fror'the begínrifng of the eir¡e r¿r-å to shas the ]scs.tíon ofthe ¿^eco¡{.ing tips, rbe co¡selation-oi 

-i¡ã"ià"**
racord avvL cinÐ sequencs is d.escribed. in the terct.Pep*r speed. 5 lan. per secord (oræ atall squaro egualsono seeond).
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Propulsion of intes'¿ine]. contents v.¡as observed. both in assoc-

iation vith lb;r¡:e r actívity orcuming ind.epel:rtently in one J.ead. anl

r'¡ith rcaves appean'ing in tlo or more lead.s vråth €r pro6ressive d.elay.

Fi6ures l+9 affL 50 illustrate the latter phenoner:on. lhe events ere

as foLlowg:

fra¡ne 1 shoi'rs the locatío¡: of the reco¡.c1ing tlps and.

Ís not represented. in ti:e pressure record;

frames 2 and. J shori a s.nall .r¡nount of contrast ned"iun

beÍng tr-ansported. fron the thir.d. to the seeonir record.ing

tip; thj.s moveiaent coincid.es rith & rreJ/e ín lee.d. fTI;

. franes l¡-, ! and. 6 show that ti:e ¡,rovement of contrast

contim¡es a¡rd. the bolus is svept past the secoryJ. record.íng típ;
a uavs is reconied. in 1earl rr; in frsune g another bolus ís

entering 'che lo.'¡er part of the field. and- travels tow*"ds the

first recording tip in fraue 6; the intrah:¡ninal pressure

begins io rise in lead T;

fra¡nes / and. B sho,'r a contractíon rviür a ohange ir¡ the

outline of the intestine over tire f,irst recording típ
comospor:ding to the peak of ilre rva.ve ån 1ead. I;

ln fra¡¿e 9 part of the contrest nedÍun has passed. the

first record":ing tip and. the intestine has rerarced; the r,¡eve

j.n Lead. I is conplete.

Horiever, a progressi.ve d.elay in ilre eppes,ranee of the pressure

ï¡aves d.íd. not neeessarily i:aply propul-sion of intestinal co¡.tents.
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i¿,_pio6ù-¡y
the tlnc thc ftl¡n na^r cx¡lorcd. The rirp uüã* 
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!Þ" 1" the uppen gnall intesttln.
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{f¡¡¡¡ 5lr Ihc ¡¡naIL lnte¡tiæ. Irtr&êr talcen at orn ¡eoond. and.
tro-seoonl lnts¡¡ral¡ fmn the oane patlent a¡ in thc
tm praoedlne flgu¡os (caoc lO).
lhia f;lgurs oorrrrpond,r in tl-ns to the looor¿ ¡eries of
n¡mbers bsneetrh the presaune trecln6 ttlurtrateð in
FÍgune 52. The oorrrelatLon of trtre cÍne requer¡cc anil ''

t'he presaure reco¡d, i¡ clesc¡C.bed. Ln ttre text.
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Figrrres 51 anð' 52 Íllustrate this pointl

fre¡re 1 sholrs the location of the three r''eeord.ing tÍps anl

Ís not represented. ån the pressure tracing - Ín fact the second.

reeord.ing *ip vras sli6htly lor¡er nhen the ci¡ç fiLa was exposeð

as slrov¡n in fra¡ne 9i

there is 1J-ttLe actåvåty in the vicånlty of the tÌ¡^trd.

record.ing tåp in fr¡uies 2 to g anð, corre,spollÍnglyr rc pressure

$¡s,ves in 1eacl III¡

1n frenes 2 eriû i a contraction clevelops over the socorrd

record.ing tip and. propulsion of bsriui¡ occurs in franos 2 to 6;

ttrere ås a.ctivåtY in lead. II;

flraries J, I and 9 shov.r retr.ogracLe transpor"t of contrast

r¿ed.ium frour the first to the second record'íng típ - this

transport coíncid.es t¡ith the latter part of tire pressure wave

in lead. I.

Thus prc,gressive d.elay in the ¿ìppearance of a lrave in tlo- or more

1ea"d.s, often seferred. to as a flpropulsive wave patternrf , could Ín fact

represent to a¡rd. f¡.o movereents of the intestinal contents. Figures

!2 anrl !J show another ex.rmple of a.ctivity of tiris nature:

tlrroughout the cine seo,uence the snal1 intestine 'renaine

quíescer¡'b over the thi.rd. recording tip ancl lead. III of the pressul-e

tracíng ¡:e:uains inectÍve ;

bety;een franes J anð,l¡ fonrard. transport of a snall amount of

contra,s'L r,red.iu.n frorn the second. recorrling tip has qccurreð
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Iåæ¡n-å!r the large intestlre. Frano¡ talcen at elght-seoond.
lnten¡aLs frm the clm f,Lln from a patient rlttt
ftrnotlonal dla¡rhoea (caoe 65). The llrp drartn6
and the a¡rora in frane I ¡hor the potltlon of the
recotd.lng t{po tn the cH.sta,l lar6e intestlne.
Tho franen of tlhLs flgure oomesponal 1n tlnc to
the flrut serLes of nr¡obcrs beneatù the pernl
lllurt¡ratetl ln !'j.6ure 55. Tho comeletLve enalysla
Ls ¿letallecl f.n tho tsxt.
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comesporxling to the latter par't of the pressur.e wave record.ed-

ín lead. IT;

re'brogra'J.e tratrsport fron ihe first to tÌre seconrl recor-d.íng

tí¡: teJces plece j_n fre¡¿es S to ) lr¡ith a return to the initåel
ê'ppeårâncesi d.uring this tjãe e pressure i,¡ave is recordeå in
lead I.

lfhether the risc ån intrarulinCIr lrressure preced.ed the visiblo
cont¡'action or coincid.ed. rrith it could not be d.etermined in this str.rdy.

The cine corrieì'å. a¡rd. the che¡t-drive of the .uol3,graph were sterted.
mararally by tvlo separate peï.sons on a 6íven co¡nnand. and. e delay of u*o

to or:e sesord. could. have occu*ed. in either procec.ure.

tio 1ürs ID

lfÍth regard to the large i-ntestine, not aJ.1 r¡rd.ioJ.ogi.ca11y

observed. noveraents had. n¡ancnetric counterperts. Furtherr:iore, nhen
pressure yrå.ves ani contractíons of the viscus occu¡,rercì together the
tetaporeJ co¡'rela.iion betl'¡een the tvro na.s not constant.

.À close co'*el*ti.on ,oas sometimec observocl betveen the cine
e.ppe0f'ance ancl flre pressuie trace in resl>ect of the onsot of a

contraction (ni6ures !t¡ artd s5, fi'on a patient r'¿i-ür functiono.l
d.iarrhoea¡ l

fra¡res 1 t'o L srrov¡ fÍr1in6 of the rectua over tbe first
. reco¡,C.Íng tip;

a cont¡'action with d.isplacenent of the contrast nediu¡¡ folr-er,¡s



[l¡n¡rs 56: The large intestlne. Frano¡ talccn at Lntc¡valt of 5.lr
seoondc fron the clne flLn from a patf.ent rltJr f\nctlonal
cLl.a¡rtroca (oaee 65). The fra¡nea õornespord in tLne to
the seood. geries of n¡nbert bansath thc paæI tllu¡t¡eteil
Ln Figuro 95. The oomclatlon of the oirn lequence and
the prurnræ recozd 1g ôescrLbedl in the tert.
lhe arran6ement of the reeor.rlin6 tips ir the sa¡ne a¡¡
tt¡at 1n Ft8u:r6 54,
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RtÞto. ?rur. $
st

Ihe large LntestLæ. Fr@c¡ takcn et lntsrvaLc of J.7
¡eoo¡rd.g f¡¡on the olre flil¡ from e oontrol nrbJeot (aace 55).
lhe frøct oo¡lËrpor¡d. in tine to the r¡¡nbers beneath the
lo¡ran pancl of ftlgu¡rc 58. îhe errangencnt of t]ro
reoor{.lng <levioes 1g ¡homr in the Iirc drarlng. The
ôiagonal noð 1n the franes Ls tbe aer"lal for ttre rad,l,o plll.

Ftm¡¡c 57¡
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Ín fra¡res 5 to B;

tiro pressure trace shor?s tliat the visible contraci;ion

comrnenseð s:îmultaneously rrith the rise ln intraluninal pressure

record.ecl in 1eaô I but 3.aeted longer tllan d.id. the pressure vaver

,tt other tfu¡les no rioe in intraluminal- prËssure accoupan:ied. a

visibLe contracti.on (3'iguras 5b s:Â 55, fron the sane patient):

a d.eep ring-Iike contracti.on ö.evel.ops bet'rveen frs;nes 2 anÅ"

] and. congtricts the nid*rectu:r over the seconå recor'illrrg tip;

no pl:essups r¡avê appeers in 1ead. fT rvhieh reuair¡s conl:Ietel-¡-

ín¿¿ctive.

3inal1y, visibl"e contractlons 1'¡ere seen to occutr a,fterbbe

cessation of a pressure ws.ve (nigures 55 and 56)t

, frernes & to 9 show a contrection teking place c,ver the

first record.irrg tip; the contraction hes not subsid.ed. at the

end. of the cine sequence;

Iead. T shorvs that the p¡esrture wsle in fa.ct preced.es the

visibLe contraction çhich occurs r¡hile orrly basal pressure is

being recorûeð.

Figures 57 ana lB strow t*¡at tlre d.eley ín the appearance of a

våsible contraction r¡as not restricteê to patiente wÍth d.iarrhoea.

lhe sequenee in Figure 57 ctme fron a control subject in whorn the

rad.iotelemetering ca¡rsu1e nas useôt

franes 1 to 3 shot'¡ the cepsule statíonary at the l.eft
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hand. nergin of tho xectu¡n but a' snûL1 pressur€ wå'vê is beLtg

reglstereð l"n the traae fromr the caBsule;

frame$ t$ anå $ show the radío pi3.1 beg:iÌlnir¡8 to move in

fron the nargln of the rectur¡ and. thLs movenent coincid.es nith

the inltåa} part of the second. preðsure wa.ve in the trace fron

the capsule.
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The ¡nain alm of the present isvestí5ati'on was to s tuðy intestinal

notility ín ne.n by the teellnic*ues of intralrrninal pre$sure recording and'

cinera.ðiogrwhy'r seperatel-y and. together, enpS-oy5-ng q.uelitative, cluant-

Itatir¡o ancl coryeI¿.tive analysås of the rnotil.ity recoråings. The

follovrirrg aspects of inotility were stud"ied' by this a1:proecb:

the rar44e of notor activity of the snal1 and. large intestiire in

nonlal subjects and. the effects on motÍlÍty of e&otion¡ food" and'

Prostigairre;

tbe behaviour of tlre snalL intestine in patients t¡ho have uncer-

goræpartåalgastrectomywithp*rticulart.eferencetochangesin

not5Jåty ðurång tho d.r-rnping syrd-rome;

the motor activity of the &istal large intestine 1n patients nith

the irritable colon sYndror:re;

tlre motor activitlr of the proxlmal colon in relatio¡r to the

nneehanisns of eonsiípation anå d.iar"rhoea;

the functional significance of the wave forfis shich reprosent

intralu¡.rlnel pressut'e chertges.

In the study a quantite.tåve assessnent of motility was achieveô

by measurirg al-I 1i8¡¡es of the íntraLr:nina,l pressure tra'cings and'

calculatiÐg as paremeters of notility the percentage raotor activítyt

the nrotíLíty irrc,ex, the me&n ampliturS.e of ç¡eves, the mean d'uration of

lîfil'es ard. the d.istzribu.tion of lîa.ves on the basis of anplitud'e and'

d.uretion. ähen mo'cility vas d"efined- in these terfls the follovring

results energeð:
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tire¡e vÍe.s a co¡rsi.d.era.ì:1e inåivid.r"ral va¡'i¿rti.on in the motor

actïvity of the Ëmal1 a;ìd. ler$e intestine :in normal subjects; irowever,

rnotility ','¡as clear'ly augnerited. by Frostiginine ¿rnô less mar'l';edly by

enro*ion s.nå food;

compared. ryith no::urat subjects, patÍe¡rts t'¡ho haC" und.er'golæ peïtÍaJ"

gâst¡-eotomy hacl higher ler¡els of acti.vity duri.rg the resting phase ancì.

after Prostigm.ine; they al.so irad. a rnot"e marlçed. 1a'be reõponse to food.;

tl¡e dunrpÍng synd.ro:nc ïrs¡å e"ssociated. sith ¿ r'eåuctj.on in ti,e

rootility of the snal-I intestine;

patier:ts with frinst:ion*l- ðiarrhoea. hed si.gnifi.cantly less motor

e.ctivity of the d.istel lilr"ge intestine than pa,tienis r¡ith tl:e spastic

colon;

patients rritlt d.iar¡.iroee due to miscel-Ianec;us al.i*'nentaL:¡.r clisorclers

haci ¡;atterns of riotility striklngly sirnilar to 'chose of patien'bs vith

functional. ùie.*hoea;

in the s¡-nall nr¡¡:¡ber of studies in lrhich tÌre notilíty of the

prox5:lel snd. ttre d.istal eolon ivas recorûed. sinultarleously the resting

pa'ttern of ¡notility in ncrnal subjects and j-n constipateð pati-ents

shorsed. nore ectivity in tire di.stc^l colon than i.n tlie pro:rì.nal colon;

simiLar stud"ies in patients ryith clia:rhoei¿ at the tinre of study

s}:ol"¡ed" the reverse situation irith a pressur€ grrid.ierrt rlÍrecteû toivard"s

the rlj.stal- col.on;

correlation of tire in'bralu¡ninal pressr¡re record.ings from t}:e sn¿r-11-

inLestine lritir their cinereiLiogra¡;hic counter¡-r*rts d"id. not support the

'' 
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hithe¡'Lo naintained separation of type I and. type rl.T waves on the

basis of p;'o¡:ul.sive function"

Ïr¡ the present work notil-ity r:ras assessed" by meeisurementr: of

intraluniit:al pressures rrith open end.ed. catheters and. r*djotelenetering

capsules ai:rd. by ciner¡rd.iog::'aphy" Open enùed. saline filled. catheters

h*ve prevåously beeii f ound. to ixorid.e an accure,te and. sensitive nethod.

for pressure measurements (Ðevidson et alii r 1g}6b; chaucl.hcr:y onel

lruelovo, 1961a). Ingestible telemeteriitrg capsules were enrploled,

neånIy to stud.y the proxi-raal large intestine. Cinerariiography rnias

co¡ubi-r:ed. rvith ma,lronetric stud.ies in an attentpt to co¡.,relate the tr&ves

of the pl'essure traci.ngs w:ith the visually c'bserved. ruove¡nents of the

intestir¡e.

open end.ed. cati'rcters are generally held. to be supericr to

balloorrs (quigtey and. Brod.y, 19jz; cod.e et alii, lglz¡ cha:.rrLhary enrt

Truelove, 11,61a). ur:l.ike beåloons they record true intraluminal

pressures and the ser¡sitivity arrd. d.ynanic response of fluid. filled.
ceitheters coruiected. to i;he t¡4:e of pr€s¡jure trensducer used. ir: the

present irork has been found. satisfactorS'(e3uigley ard. i3rod.y, 1g5z).

fr: tiris Ínvestigetion, the recorcling systen 1ï¿s sufficieptJ.y

sensitlve to shot'¡ thet the rhy"Lhnj.c weves of type I ¡rhich constiir.rte

the basic rhythn of' the small intestine and. rvhich have previously been

assu¡nerl to be simple and. nonopha,sic (coae et alii, 1g5z) -rcere in fact
conplex' Cathete¡'s iro.ve the aC"d-itíonal actvanta¡;e o,¡er balloorrs of not

clistend"j-ng the intestine or Ínterfering v¡ith the flor,¡ of its csntents
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(ChauclÌra.ry a¡:d. frtieloveo 1)61a). rn the present stucly a nercury bag

was used to fa.cíIit¿rte the pa$Ëe.ge of the c¿theters through the ¡yna.l}

intestine, but since the bag we.s sr;ìall ¿rnd situated. eight centinetres

dístal to the f"irst recording'bip, it is un].ikely tkrat it mod.i"fied.

intesti¡ral notility to ar5r ex'i;ent.

Ilowever, there are some d.j-sâ.(Lvantages in the use of caihe.i;ers, In
spite of the fact -bh¡¿t intestinr:l contents ¿:^r'e said. not to be fo::ced.

into a catheter of 1 nun, bore at pressureå of less than 1JJ aï" of

water (Rov;lands et ¡'.1ií t 1953), the open erxls mey'beco:ne bloclced. i:.y

¡¿ucosal fold.s, food. or ltlucus. ih5-s ntry be overcone by using constantl.1,

perfused cathe¡)ers (Lorùer e;rd $?re;r, 1g5¿v; Ð¡rr¡i.d.son et alíi , 1g56b).

Hovrever, in this stud.y tÌ:e presence of a. block was easÍly d.etecteg. by

Ínspection of the pr.'essure trace end rened.ied. by gen,cle syringing.

The oain d.isarLvanteges of catheters are attached" to their use in
the snall intestine. Flecing tire c*the'uers ín ihe jejununn may be a

tine consuning process and camies a certe.in feilure riì'r:e. ïùoth and.

Bea¡ns (lgSg) in a study of ihe motility of 'r,he snrall intestiræ in
patÍents efter Sastric sur6ery failed. to place the record.ing bal3.oon

in the d"esired position in 2O of their J&.ps,ihents, This is an

unrsual-ly high rate of faílure a::d. with pr.actj-ce bette¡ results ceÀ be

obtaj-r:ed. In the present stu.d.y the firs'b J atternpts rlid. not succeed";

thereafter onì-y J fulther failu:'ee occurred. i.n 36 consecutive petienis.

rt ap.oeared" that success was least li!:ely to be met wi.th in patients

with ¿rcti,ve geptic ulceration"
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Ït shoulcl ì¡e realised. that cathe'cers nay irrfluence the motor

aciivity of the sm,eJ-1 j¡nteetine but the.t this is ¡nor-e likely to be clue

to their presence ín the oropharxn...c ,chan to a clirect eff'ect on the

Íntestine. rherefore in the present stud¡r every effort was ne¿e to

relex and. reassure the petient both bef'ore and. d.uring tire er,perirnent.

Furthe¡riore, p:rtial pharyngear iuracsthesia l,,as m¿intained. by the use

of topical lignocaine or local anaesthetic loaenges untiL tire cagreters

were in situ"
,fhe ad"vantages of the red.iotelenetering eepsule e¡e obvious. T¡e

capsule offers the nost pÌ:ysiologicsl nethod. at pr,esent available for
¡neasurenents of intralu¡ain.rl pressures aa r¡elI as a mear:s of recorcing

from perts of the intestine r'¡hich for practical purposes ere in¿ccessible

to study uith cattreters. Hoi';ever, inost rrorkers rvho he.ve had. e;çerience
vaith gristro-åntestin:il" rad.iotele¡retering, emphasise the technical
problerns attacl:ed' to the use of the radio pi1l, lhe rli¡ectional rurture

of the signal e¡nitted. by 'i;he capsule hes led. to tj:e d.evelopnent of
conplex systerirs of aerial loops (Srnith ar:ct p.iclgt¡ay, 1g62) anrl onni_

directional aerj-a1s (Connetl et aIii r 1963). Tn this work ilre capsule

was used. chiefly to recorcì from the proxi.:naI 1err6e intestine lyhere

positi'onal cha-nges occur but infreoluently and hence tho phenomenon of
loes of contact createrl fer¡ difficulties, ft ney not be possible to
localise the 'uransclucer extictly ín tl:e upper srnall intestj.ræ even rrith
rad.iological aÍd.. lionever, j-n this siud.y cletenain*:.ti-on of the site of
the strongest si¿]nal conbined. v'ith contrast rad.iography nade the

'€-!YJ':T.1+-".14\>'æ :. ?*eq-, ryRrr¡4-.-r. e-¡:: e ,æi-...ryr.ñ4sqTSFæÌ_!-,.
-r.:^.'...ç-æ
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assessffIent of the positåon of the c*psule in the large åntestine a

rel"p.tivel}¡ si:nple matter.

g1¡e of the nain dis.ld.vailtages of the rad.io piIl ís the fact {fiat

at least Í¡r tire uîrlier s:naJ.l intestine prolon¡;eù stud.ies cannot be made

of one particrileir se¿prent as the piIl rapÍd.ly tresels d.olrnstream

(tcr;rne11 et a.l-ii , 1963). tiris can 'be obuiaterL by frnchoring the pil1

by neens of a ttrin thl.ead. lioaever, ín this rvork such a proceðure Yrss

found. to ceuse evetl fi¡ote d.íscomfort to the perti.ent than that lr¡hich the

prtssence of tire eetheters evokeú. I¡: the large intestine anchorín$

is unnecessary once the capsule has reached. the clesired posítion altlrougþ

on occasíons, Írs irappened. in case 51 of this str.iày, unexpected progress

of the pi1]. ma¡r d.efeat the object of the experi'ment.

The telenetering cai:sule cornpar"es urfavourably r"ith open er.deô

catheters on another point, i'fhereas -,rith catheters three or nore

sirûultaneous recorðings can be naôe fro¡n d.ifferent levels of the

intestine, only a single pressure tr.eee is oÌ¡tained f¡rcrq the rad.io pil1.

'fhi.s introduces the risk of a sa;:rplång error as it hes been shown thet

the¡-e may be consid.erable variation in the activity of closely ad.jecent

se¡.glents of the intestine (ctraudirary and. T¡uelove, 1p61b, c, d.).

I{onever, it me;r be possíì:le too\¡ercone this d.j.ffj-culty by the simultan-

eous use of 'c.i¡o capsules tr"ensmitting or: d.iffererit rad.io freguencíes

(ïTatson et ¡ûií , 1962) 
"

The sensiti-vity of 'biie radio pål1 to chanE;es in envirorrnental

tenperature, the necessí'by for separate ealj.bration of each pi1l anð
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the increasiÐg co¡cple:rity enô cost of the equ.ip'ent are alr factors
l"hich have pre'rentec. a rv:id.espread. ecceptance of gastro-ir:-Lesti¡ral

telenetering. i'roverthelcss, selec-i:ed. aspects of notility e¿n be

stuclj'ed" with 'the relatively si-nple et¿u5-prnent which vas aclequate for
the i:urpose of t]:e preseni investi.¡;etior:. phe quari.tative response of
the rad'j'o pill rvas good- as ¡shorn try the close sirnil:.rÍ.ty of the tele-
¡ue'be¿ed. reco¡'d. anrl the pressure trace resurting fron¡ a catheter
recor,C.ing tip in ju.xtapositiorr to the cepsule (ili¡;ur" ¿uÀ). Si_målar

find-in6s yrere rei)orted. by conr¡erl and F,o'lands (1960), Jlrcl.6ed. by the
e4peri-nrents in vhich the capsule courd. be recover"ecl befo¡'e its poäer
supply was exhausted. the stability of calibration v¡¿¿s satisf*ctory.
lhe e'xperienee gained in this study strongry supported, the oi:irrio¡¡ of
conr,ell et elíi (lget) ttiat catheters arxr ter-eneterin6 shour.d .be

rega:ded. as coinplenentary techniques. Furthe:r:rore, it r,¡¿rs feli; that
certaiu espects of notility, sueh es the ¡necharrisn of d.i.ami:oea, could.
otrly be investigated- by a meihod. in r¡hich si¡lult¿ineous use r¿¿s mad.e of
both d.evices.

ïn this str,r.dy a singre observe¡. ¡:reasured. ti:e enpli-tud.e a¡vr the
d'uretion of the rlressure ÌrÐ.ves ín the raotility treci-ngs. TirÍs proceäure
wes ad-opied bee'ause it rl¿s founcl that ¿lthough tÌrere !?as good agreenenb

betr¡een d.jfferent obses\¡ers in rega:d. to the a.npli.tucte of cr pressure
Feve t ¡neasure¡rents of weve cluration r:e¡e subjeet 'co greater interpretative
effor' By constantl¡' u55-n€ the ssl,l¡e observer, inter-obsorver erï.or Hås

eli:ninated' end' quantitative compariso:r of ihe va:.iou.s'gr.orljrs of patients
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íuvestigeited, couLrl be narle vrith greater valid.ity. Ilowever", it is
appreciatecl that inter-obse¡\rer cLifferences stí.l1 exist in the

compariso:r of 'che resltl'cs of this strrd.y w1th thcse of other ,¡¡orkers.

Ït r'¡¿ls fel-t that a quantitatíve r,iray of expressing çre results
sas neeessui'y í:r stud-åes of intestinal r¡otility. The¡'efore in 1¡re

i:reoent ivorlc notiltty ivas d.efir:ed. in te¡srs of fír.e parameters, ncnely

the percen'Lage ruo'l,or *ctivit;', notility inrlex, rles,n arpliturì.e of wave.s,

i!ìertil elu::ation of t'¡aves and. i;he d.istr.ihution of waves on the basis of
aa,1:LÍtucle a::d d-ursti-cn. Devid-son et alii (lgysa), connel]- (1g5g),

cheird'har¡r r¿*cr. fruelove (tg61'o) and. ifi¿* aird. B¿rrbero (t9gJ) calculateo.

the pereen-be,ge activiiy bi' adding the period.s d.r.rr.ing v¡hich ï¡e,ves

ocourred" ancl expressi-ng the sum as a pex.centage of the record.ed. tj¡e"
Ho''rever, it is felt that this method. is not satisfactory as eonsid.e::ab1e

d'iff iculty irey exist j-n ctecid.ing i'ihat constitutes a period. of aciivity
r'¡herì tl:.e pi'essure uaves occur at ir.:'eguler Íntervals. .å, preferable
arterrurtive j-s to ezçress the totel su¡;r of the ivave durations as a
percentae;e of the recordeo. time ss vres clone in the ¡:resegt str-rd.y.

The quantÍtative analysis of the intraluninal pressure t¡'acings fias

fourxl to be ext:'enely tine-consl'nir€. Electror:ic anel.ysis of the
pressurÊ cl:anges ltould. be of 6reat value in d.ealing rvith la:.ge m¡jtbers

of trecings" ?his eour.r} possibly be e,ccoaplisrrecl by c.nnectiqg a

coinputeT to the output oÍ' the anplifi-er usecl in the reco¡di:rg proced.ure

o* by p::ograuning a coisputer to rprocessr the 1:ressure tra.cir:gs.

In the preserrt l'¡ork cineracliography was of substantial aicl in
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provid"lng inforrilation on the fr.rr¡ctio¡r of the pressure patte3.ns obfJerved.

in ihe snall intes'üine. In arki.itíon rm CIutline of tire d.ifficul,cies

which $ere erperienced. nay be oil aicl in {\¡ture studies.

ilhen the sina,ll intestine is stuclied. by er caini:ir:ation of cinera.d.io-

g;raphy ¿nd. nanomet::y the e:cposur€ of the fil¡r should. begin rvhen the

first portion of the contrast rnoilium is erpproaching the pr.eesure

recor,lirç clevíces. lnterpr"etetion of tire fiL¡u is cliffieult r,¡hen the

contrest has i:rogressed. well be¡rond. the site of {lressur.e recordirig and.

superim;rosition of intestinal- loops ha.s oecumed..

Perfect syächron:izatíon of pr-essu:'e tra.cing anci ci¡e filn is a !re-
requisite for judging the temporal rcletionship of the co:unenoe¡¿ent of
a rj-se in intraJ-umínal pïessl'rre ar:d. the beginning of rad.iologically

observed novement. This could. be d.or¡e by suireri-rnposing an oscillo-
scoFe traci-ng of the pressure ch.enges on the lens of the eine ce¡nera

(fexter, 1961). Tn ad.d.itåon, si-rnul.tErneous projection of the 5rïessl.pe

tracing ar¡J' the cine fil-n rzould. facilitate correletive analysis. This

could' be accoroplished either b¡r îextert" (t96t) netÌrod mentioned. ebove

or by an'eng;ing for the pressure trace to be cemied. along lyi,ch the

film by a special 'ts;.ncirronizerrr connectes. to the filrn projeetor
(Carol:i et alii t 1960). The X-l.ay vieving table used" in the present

stuèy c¡as not t¡ell suited. for couelative airalysis; a 16 nir,', an;rlysing

projector woul<} have been preferable.

The film speeds used. ån thi.s investigation, tirough allowing

d'etailed obse¡vation of the movenents of the intesti¡re, vere uiìneceasarily
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high. Speed.e of six to eíght fra^cles per secorul and. tv¡o to tlgee

frames per second vsould. 1:rcbably be ad.equate for correlative studr*ies of

the sna11 and. the large in'cestine respectively, Fine-1ly, even with

the use of closecl círcuit television i:aage intensification the

rad.iatíon he"zerd. línits the length of e4posure. 3'urther trrlvances j.n

X-ray physics Erre needed. to al1ow longer periotls of stuc).;r r¡iilr ¡ninimal

risk to ti:e patient.

l',Îany find.ings reported, by earlie¡. r-¡orkers uere confirrirecl in tiris
stuðy. ExarapJ-es of ty¡:e f and. ty¡:e IIT yrâves iîere tþco6r:-ised. but tl:e
t¡:e II r¡ê.r¡es of .ô.dler et alii (tgH ) "rr¿ 

pose¡,- et alii (lgàå) coulC.

not be åd.entified in pressure tracings fron the snall intestine. Ihis
accord.s v¡ith the e¡perience of Poulk et alii (lgf\-), Barbero et alií
(tp¡g) and. tonnell (1961¿¿). Bursts of rhythnÍc t¡4re I r¡aves constit-

utitrg the basic rhythrn of the sraall intesi;ine (Fou1k et alii , 1g54)

were obsenred; the negative pressure d.eflectioir vhlch often occurred.

as a continuation of the d.oims'broke of a wavê rlÊðr have been clue to a

vacuuln effect in the rapid.ly relaxirg Íntestine. Â rernarkably constant

rate of the basie rhythar of 11 to 12 Ì?aves per nein"rte wås noted. in gris

stud.y ar:d has been previously reported. b.y Foulk et aLii (lgSlu)r and

Corrnell (196l*). this lend.s support to the sug8estion of i,lj-Iton and.

snitir (lgSS) ttrat the slow eleetricar potentials of the electromyo-

graphic recorcL from the snall intestir:e govern the rate of ilre besic

rhythm. Fu¡'tÌr.ermore, at least in this study the basic r{rytir:n

represented. the fastest rate of con'¿racti-on of rvhich the s¡ne.l].

'' enlÞ ÞÞ'.aÞv* 
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intestj-::e vras cepable.

Tt l'¡as found. that the nature of the pressuïe lraves lv¿is not a

reliable j-nd.ex of propulsion. This opÍnion r¡as based. on the

correlative anal¡.si.s of int::a}¿minal pressure tracíngs and. cinered.io-

Sraph:Lc fiL¡ns r'åícir sho'.red. that it r¡es ¡:ot possible to cListinguísh a

series of t¡pe I uaves frcm a L¡ave of type III on the besis of the

rad.iological appeerances. Propulsion w&s seen to take plr.ce rrÍth

both r'¡'ave t¡ryes. However, ty¡re Trr îraves iïeï.e nore strongly pîo-
puls5-ve than single waves of t¡rpe I. Furthermore, íì progressive d.elay

in the åppee"rånce of a rvave ín tr¡o or ¡nore lead.s clid. not invariably
ind.icate propulsion becauee to ard. fr-o moveuent cf the contrast nedj.un

r¡as also noteð rryith this t¡pe of acûivity.

Birus the results of the present stud.¡r do not support the lrrevious

essignnent of propulsive activity to type Trr r¡raves alone (posey et
aliir rgJ*B; Ron'Ienås et a1ii, 1)Joa; chap;na.n et alii , 1952). cirapnan

and' Pale¿zo (t949) caubining pressure recor^d.ing ancl fluoroscopy stated.

that waves of t¡çe r r:ere not propulsive o,¡heree.s t¡rye rrr waves 1rêr.êr

Horever, they d.id. not encountel an¡r t¡4re TTI E¡aves during the fluoro-
scopic observations ard their opinion was tirus not substantiateri by

fectual evid.ence. It is a¿so of i.nterest that Ingelfinger enð Ì,ioss

(lglr¡) rvho sb¿d"ied tiro petients v¡ith sprue found. that trenspor"t of the

recor"d.ing balloort,s iras orrly slightly sLoi+er than normal v¡hen no ,,ï,aves

of t¡pe ITI rere present.

rt is believecl therefore , tinat in respect of propulsion there is
no qualit'etive d.ifference between type r and- t¡pe rrï ruaves, anJ¡
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There e¿'e fetç quantitatåve stud.ies sÍrïilår to il:e present one in
tenns of technlque e'nrl' analysis and. her:ce a eomparison r¡ith the results
of other rvorkers is r€nc.e$ed. clifficult. CIf the parernei;ers of notirity
the percentage noto} activity is ¡lost easi.l.y calculaied. and. should.

therefo¡'e be best su.ited for purlroses of courl:.erison. iloi:,;ever, as

¡nentioned both by Con:æl1(tgeta) ard in .bhe present r._,ork, diJfer.ent
Ínvestigators have ,sed. d.:iffere¿:t vrays of computing the per.centa.ge

activity. r'ink (1grg) calculating the percentage acti'iiy as ii was

ðone in tiris stud"y founcl that ilr fastir€ petiei:ts the ripi:er s,loJ.I

i'ntestine n*s aetive for 15 per cerìt. of the record.ecl ti:le, co:r¡:a¡ecl

to J2.1 per cent. ín the present stucþ'. I'Iouever, fire ¡nethod. r¡hich
rÍTìk (lgyg) used. díd. not per,ait nultiple si"¡rultaneous recordings to be

nac.e fron different levels of the s¡rell ir:testine e.s in the present

- 
stuöy. tsarbero et alii (tg¡g) repor.ted. a neen activity of zJ per
cent. in the duod.er:r.ur of child.ren up to tire age of 1/¡. yea,rs. liouever,
apart fron the age d.iffer:encÐ betlreen the contror subjects , rn tho
present stnd-¡r arrrl the chÍldren investÍgatecl by Berberors (195s) goup
the routÍne use of seci.ation in ti:e letter ¡,¡eaJiens the coirçarison betr,,een

the t¡ro stndies. lJ¿*'bero arrl her co-nor.Irers (195S) found. ttrat rnilÌç
augnented' tire activity fron 23 to $O per cent. in ü:e firet 10 nrinutes;
the activity rJ'ecrec"scd. to Hr per cent. *d- ¿n1 per cent. cluri.ng the next
tr'¡o 10 nir¡-lte períoc1s. lhese values are r¿r.ther si¡rilar to tire J+iJ per
cerrt' in i;he first 1o mj-nutes and. JB.Z per eelrt. in ure next 20 mi*:tes
found. in tiris stud.y.

h*e:-*--,rï'ã*æ:--. 
- r i:?r1kæF?:-<
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á,ccorJång to 0or¡r:e11 (tpgla) tfre d.iffer.ences in the repor.ted. v¿ùues

for 1:ercerntage n:oto:' ec-Livity riray i.n pert be d.ue to variations in the

lergtir of'f¡:rst i:upor:ed. on the pertient befo:'e "Lire stuðy, In the presei,r'b

investigation th'is interwal uas kept const¿"nt at d-x hours.

F::ostígmi¡re, e$ e"'çected., augnenteit the 1:ercerrtcge activity,
motilíty i¡rlex and. ¡nean ernplitud.e of tire iïaves in the control subjects

of this stuå¡r. Tlris stinulatíon of the snall Íntestine h¿s been

reportecl by rna:¡r ol¡,.:ervers (Fc:;:ajron, Coc).e, Sauer ancl ãar.gen, 1gl+g;

Liljedahl et e.1ií, 195t; Kev;enter a¡d. F,-ock, 1960) irut not in quanti.-

tative terzne. In the present stud.-v the¡:e i?&s a nrarked ind.ividu¿1

variatÍo¡i :ln the rec,po¡rse to Pros'l;j.giaine. ?Jthou¿;h tl:e C.ose of d.rrrg

was not aürjusted. to tl:e borly nei.ght of the subject this cennot ex-plaån

the veriation, since the rn*gni-tud,e of the response d.id. not shov¡ an

inverse r.'elstíonship to body veight. rt is ¡nore lil<eIy that, as

suggested by Chaud.her;r and. Tsuelove (lgClc), inclivicluals vary in theÍr
susceptå.biliÇ' to this drug.

ït is appreci:ried. tha,t ihe notility of the sna1l intestj-r,e ryas

stucLied. in orû-y a sn¡rll ¡:unber of corrtrol subjec'bs. lt is therefore

i:nportimt ihat further sturlies should- incl-ud.e control gïoups ilo that: the

no¡r::al noti.lity of 'che s¡:ralI irrtes.tíne ìT¡ei¡ be no¡'e clearLy d.elirieated-.

Tl:re qr-rerlitative featu:.es of pr.essure recs:r.ðings fro:n the lerge

intestine a¡e sufficieni;ly ;.¿e11 kno¡'¡n not to require d.etailed.

d.isctiss,i.o¡r, The spontaneous variations ín ilotoi- activity, the

i'nd.epend.ent activity ait djfferent leveLs of the ir:testine ard. the tyave
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tlpes have been d.escri'bed. p*eviousry (cor:rrelr, 1g5g; crraud.hary and.

Trr¡elove,1)6'lb; Ki¡¿ c,nd,Barbero ì 1g(,3) s,nd. ti,ere observecL j.n the

Fressnt sàrcly. Bepeatcd. studies perforned. in ti:e ssrûe subjec.Ls shor,,ed.

thei: the leve1 of niotility iras feirly cor¡stant in eech :ind.ivÍd.ua1 v¡hen

the rr*corrlir:g;s were d.one j.n ic.en'LicaJ- circunste.nces; a siniLrr opiuio*.
vas ea?res-.ed. by 0on¡æI1 (lgfg).

There vils ¿¡ co¡rsåd-e:'s.ble inciivi.dual varÍeti.on in tÌre control
grou.p in respoct of the i;e:'centnge aci;ivity arrd ¡notiliiy irú.ex (,ralte
Yïï). ït is possible that flre virrie1;ion in ¡ioi;ilj.ty cirlrin3 the
resting phase we,s rels.ted.'r,o trre anount of f¿r.eces in the r.ectun, as

virLually flat pressu:'e t¡'aci:1gs r:ere often obtaj.necl fron subjects in
trhom the sig;rofc-oscopic exerninatio¡: siroxed. tire rectum to be eupty. Ki::r

anel Be..bero (tp6J) r"eported higher le'¡els of ectj-vÍty in the 1er5e

intestine in arxious child:r'en than in chirdren l"lÌro appeored. rela;se¿

but reportea that the najoriþ of 'uhe pressure wares recordecl r.¡er.e of
an 

',r:iplituele of p cm, of v¡eter. ïn the present sfudü, the ::espiretory
fluctu¿-Lions often exceecied this .ar1:litucle and. it j-s therefoi-e dífficult
to assess the accuraey of lü¡n ana Sarberotu (t96J) estlnsite of 1:ercent-
age ac'Livity' I{evertheless, it io possible thst in sone of the control.
subjects the anticipa.ti.on of the e:çerÍ*rent ney Ïr¿ve created" a d.egree

of e;rprel:ensio:l nhich, though not obvious to -bhe obserr¡er, nay have

influenced' not'1ity' rf this ¡'¡ere so, a perticularly obvious respon*5e

to 'l;l:e e¡¡otive i¡r'cervie¡v coulci perhaps have been erpected. in those
eubjects j'n ri'hr:n the levels of sctivity i'rere at tire e:ctler,res of the
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noxrnal range during the resting phase; hovrever, thís w¿s not the case.

The response to the eiaotj-ve inte¡'view wag not constant anongst

the control subjects. lhe ¡¡ean varues of percenta¿;e activity and.

notility index for the ðroup did- rise but en increase to ¡nore than 200

per cent. of the resting value was noted onLy I tj.nes of 15 ðu3ing the

iruitio-l e¡notive interview. Chnud.harir anå. T¡uelove (tggtA) reported.

colo¡ric h;peractivity during a stressful intervj.ew in l¡ of 16 control

subjects but did not state thej.r criteria for judging the presence of

h¡r¡reractivity.

rn the present stud.y foori. augnçnted. the motility of both the

proxinal and. the cListal large ilrtestine; however, in the latter. the

increase ¡vas not as nc¿rked. as tirat observed. åurirg the inbervierv and.

d.iri. not reech a level of statistical significence. prostigririne,

however, caused" a highly sigr:ificant rise in both the percentage

activity and. nrotility ind.ex (p ( O.CO1 ). The augr,rentation of colonic

motÍlity by Prostignine l¡as been reported. rireniF tjmes (,later et alii,
191¡2; .A'tkineon et a1ii, 19rç3i ljcliíahon et a1ii, 194g; Chaudhar.y anl

l¡uelove t 1961c) uut has not p:'eviously been proved statistically
significant.

Studies of the r:rotility of the snail intestine were perfor.ned" on

patients r¡ho had. und.ergone partial gastrectony because changes in
taotility m.ry be resgonsible for so¡ae of' the und.esirable results of ti:is
operation. îhere can be no d.oubt thert gastric surgery, end. in
pr,rrticuler partiel gastrec-tomy, has been the d.ecisive fector in red"ucing

:'
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ti:e ¡lortalíty and r:rorbid.ity of peptíc ul-ceratíon and- thst the najority
of surgieally trea.ted patients d.erive r¡eræfit from the operation.
Holrever, it should also be recogn:ised that partial gastr.ectony is
a.ssociated. with a mortality of approxinately l+ per cent (Brookes,

"Taterhouse 
and rhorn, 1g6a) a¡¡1 tì:at peptÍc ulcerati.on ï.ecurs in 1.5

per cent' of patients after the polya operation (cepper an¿ 1.,:e1br:ug:,

1955) anå ín a greater proportion efter the Bilr¡oth ï oper-ation. ïrr
a.d.d.ition about 1o per cent. of patie'ts develop one or noi,e of the
d'elayed' sequelae of partiri.l gastrectorny (ru-ingvorth, 1g6a),

chief a:nongst the rate conplications of gastric surserîr ar.e thc
d.uriping synd-roi:re; enacnie d.ue to e d"efici.ency of eíther Í-ron,
vita¡nin 812 o* folic acid. or a combinction of these; recurre*t or
anastonotj-c ulcerstion; the affer-ent loop sync.rone, steatoryhoea a-¡:ci

i.inpaired. nutrition. perhaps less cofimon but by no meÊ_¡1s ur:-inportr:nt
are the late h¡rpoglycaeraic synd.rone; osteo¡rorosÍs ênd. osieor,reJacie
(Ðeuer, lg63); the r¿alabsorptÍ.on synd.ro:ae cÌue to bacterial ir¡r,3,sion

of the affe¡ent loop or to gastro-jejuno-colic fistula; food bolus
obstruciion ancl carcinona of the gastnic ïennant. Ðie¡srroea aay or
nay not be part of a nalabsorption syrd.rone and. nay occur both af,ter
vagal resection and. l¡hen fire y¿*o has been spared. lhe tizo late
cotuprications of gastrÍc surgery in rvhich the rnotility of üre small
åntestine is of particular interest are the d.'r,r1ring synd"ro:le anå

d.inmhoea.

rn this stud.y pa.tients ivho hsfl und.er60ne gastric surgery
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l:rad pressure trå.cj-ngs rhich were 'quelitatively siroile^:' to tirose ob"iaj.ned.

fron the conti'ol group. ,å possible d.ifference wes the relative pr"e-

pondererlce of t¡¡pe III n¿ves in the resti.ng pattern Ín patients after

gastrectotn;r, FUytherno-r.'e, these prr.'uients usual-ly h¡rd. rnor.e activit;,

in l.ea¡l ÏÏ thern in lead TTT, l',.hereas'in the control subjects the latte¡.

lead was the nost ec'five, Possibly tl:e reason is that leul Iïï ç¡¿rs

cLosest to 'Lhe stona of the Polya anastonrosis r¡h-'r"ch coul.d. act as an

e,scepe ve-Lvo i'¡ith rising íntreft:..rrine1 pressures. Tf tìris .r',.er.e so, it

tvoit-Ld. hi*ve been e:<pecteð. that ¡nore activit¡'iroulcl have been reco;.d.ed.

in lead. ITi. than in i;he d.istal lead.s both in the p:rtients ¡rho h¿d. h¿,-cl

the Billi:stir T o¡:erertion an¡1 in those patients in nhon ell three

recorùing tips t;ere r¡eLl d.istal to the stona of a Polya anastonosis,

ilotrever, tiris ;va.s not the case.

't'here '¡ias 1íttLe dj-fference beti¡een the con'ürol sr-rbjects :rnd.

pr:ltients ::Îte¡ gastrectony in respect of the percen'cage motor activlt¡r
rlu::ing the resting phase. i'',ewentey' and. I(ock (1g60) using a nethocÌ

ver¡' sinil¡.r to the one e;:rp1oy-ed. in this stud.y reporterL vera' little
notor ac'ci.vity Ín fasting no¡:nal subjec,;s and. the s,g,'ne grotlp

(Ctu.istoff'er.sson et ¿lii t 1g62) statecl that patients :¡¡ho had. had.

1:e"rtial gastrectoiny hac. equ::1ly lov¡ levels of ac'i;ivity. Ho,,;ever, no

cluantitati','e åssessnent r;as at'ueüç'becl in either cf these stuclies.

iThen tire r¡rotilit¡r ind"ex rves used, for conpar.íson of ilre groups

both cetegories of pe.tieni;s after parii.al gastrec.bomy had. higher

r:cs';in6 v¿Ìue,s than the cont¡.ol subjects, but the dj-fference was
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statistically signÍficent only i-n the patåents ir-r .whon s¡'urptoïrs of

. 

rdumpingrt tîere late¡' ind.uce.i". js a nrle tile ini;e¡ve1 betr.¡een intu'betion

and the beginrring sf the record-ir¡q l¡as shorter in the patients u'ho had"

undergoræ partial- 6*strectomy than in the co¡:trol subjects beci,r.use so:¡ie

time r¡as spent in rægotiating the p5'lonrs in the latter rgloup.

Accord.ingly, it is possible that the ruotj.lÍiy of tiie intestj.rp r¡as

dopressed. by prolorgeð co¡:tact y¡"ith the catheters. Iïo,,vevei-, tno of

the six pat5-ents i,,fuo constitut,ed the group rtparti.al gastrecteny vritlr
rðwapinglrt had. had. the Billroth I t¡4pe of anastonosis rlhich t?as no

more easi:-y negotiated. th¿rn tl:e norma]- pyLorus. Eleven of tnelve

patients without the d.urnping syr:drome had. the Folya anasto::iosís, and.

it voulcl be expected th¡:t if the notility of the intestine r,¡ere

rerluced. by prolonged coutact rri.th the caiìreters, this group of patients

shottld. Ìr¿r.ve he'd the highest motilit¡r ind.ex C.uring tire resting phase;

this r¡es not the case, The naz'ked. ðifference in the nean ages of the

control subjects (28.7:i-ears) atrcl the patieni;s after gastrecto:r1r

(59.7 -ve¿rs) ooy also be an e:rplanation. However,, flre mean age of

tlre patients '¡r'ith the d.urnping syndrone (55.5 years) vas little d.ifferent

from ihose vrithout this ciisturbance (59.S J¡ears). There is et present

no infornetion on lrheÈÌ:er tl:e raotility of tire snalI intesiÍne bears a

relationship to chronolo6icar age, ad thÍs espec'c should. be stud.ied.

ín f\rture laork. ltrevertheless, it v¡ould" be su:prising to fi¡:rJ. an

incl'eage in notility I'riih ad"vancing age.

In this investigatiorr the notility of the snell intestj.ne was

'** '*-"1-'*fÊr**r+¡.*yæñì!rr*--.ry*-:Ffcyr.-.a'Þ¡='-,Èæ:ã3i--..*Trffië*ry..-*6,s*=æn*, 
--r¡:,. ,"Tqqlnç.*na*::r,ç-Tcæ¡as=-
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stud.ied- after the ad::ri-nistration of streeteræð ¡ri1k. In clini-cal

practice 1'I&rï1r liquitl anrl s'¡','eet f ood.s are tl:e usual prrecipitating

caì,ses of the druapíng synd.rorne after gastr.ectomy. l:çerinentoJ.,L¡r f¡¿

synptoms l:ave been i'eproðuced. by rlistension of the jej¡nr:-rn v¿ith a

be^lloon (Jorc.an et aLÍÍ , 1957a) or: by introd.uction in't:o the s:nall

intestine of h¡4pertoni-c 8lucose (-åndnr¡r anc, E¿1srov-jlr,6ensen, 1lgJa),

a fa'c suspension (Joråen et a.lií , 1957a) encl clilute Ìr¡rôroehloric acid"

(scnriia, Ì-e¡rLhaler, scilsn ancl llerrrrlng, 1g62). Duríng the dunpir€

s¡rnd.ronre the¡'e is red.uction j.n tire plasna volu¡ne, h3-per¡;1¡.eaenia,

Ím1:aired- peripheral utj-lisation of glucose, h¡rpoicaleelria and. electro-

oard.i.o8raphio chan6es (read.:-e, Jorrlan anð Ðe3alcert 1957; Jorc.an et
allå, 1957ç; I'iorris, Greenfield., Jord.an, Fedd"ie, Gordor: ancl De3eJrey,

1959; äotre, Carriy, Le Quesne, I{obsley and. Spenc e, 1)62).

In the present investigation a nrnber. of abnorrnalii;ies in gotility
¡tere d.e¡eonstrcted. fol1oiziry3 the i-ngestion of food. in tl:e patients after
operetion. Conperred. with tl.:e correspond.ing values fot the resting
phase, the patients nho exper"ier:ceå an atteck of rtûun3rii:gu showed. a

red.uetion in both the ¡-s¡ssntage notor actj-vity and. ilr.e rnotility ind.ex

of the first ten rainutes afte¡' the mea1. Tn the ind.ivid.ual tracii:gs

this r¡as evid.ent as reduced. or absent r¿otor activity after a fery

initia-l Hå,ves v¡hich often shorlecl progressive åeIay. .ôJ-thougir narlced.,

the reduction in the pereento.ge *,ctivity and the notility ir:¡d"ex ç.as

not statj-stica1ly signlficant, possibly becrinse of the snall r¿uilberg

inr¡olved. and becar:se one patient (case 25) lnad, paradoxicr:,lly nr*.ketL
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motor act5.vity d.uring ü.n attåck of rfdunpingfl. It sirould. also be nctecl

that this pr:,tient t'¡as the only one i¡: v¡hon pertial ga.strectony h.:d. beer:

co¡nbinecl r'ri'Lir vagal section. liis val'.res for. the percentage aciivity
a¡d' rnotility ind.ex durir¡g the resting phase and. after foocL r¡ere the

highest ones observed. in ilre patients u¡iti-r ,r;he cunpirlg syruårorae,

lhe late responso -bo food. nas queritstively sj¡ril¿*, in both

groupÊ of patients sl'ter gastric sursery end. consisted. of strik:i¡61y
j-ncreasecl no'bility" ÞurJ.ng this phase p:r'bi.ents rrithout the d.runpi¡.g

s¡rrdrone h:.*1 si8nificantl;r highel, values for percenteE;e ectivity and

noti15-ty inee;c than tile control sirbjects; tire d.ifference betryee;r the

patients who e:rperiencecl s;,mptor:rs of rtd.r"uirpin6il ancl the con,c¿.ol group

lras not statisticall¡r sig-rrificant.

there have been d.i',¡e¡õent reports of ti¡e rno'i;ility of the s¡,raÌ1

intestine dr-rrirng provoired. att¿elc,s of *d.unpi_ng'r. Mos,c red_icrogical

sturlies have reportec. incr-eased. r.rotilii;;, (r,iljed.eår et a,fiå , 1g5g;

îTaJ.lensten et alii , 1g5g; Duthie and. iiclle].l.æ, 1g6A: ilettsson ena

Feman, 1962). The }"ediological i:apression gained. in the presen-b lrork

was or€ of clecreased" nctility with diste¡:sj-on of the s:¿ell intesti¡æ
end was thus si:rlilsrLo the find.ings of 6o:c ¿nci,!ll.an (tgSo). j,iapo-

netric stud.ies h¡rve sl"roi¡n both d.ecreesed. notility (ctuistot.ferssor: et
elíir 1962) as in the present i¡orlç and h¡pemoùility (Glazebroolc ar¿c.

'ilelbourn, 1952; Jo:.åsn et e-1ii , 1gb7a). Hor,+ever, christoffersson end.

his collee8ues (lgez) were the only vovlcers r.¡ho used oper: encled. ce.tireters

as Ín the present study,
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-+tccord.lng to the restllts of this str"rd.y patients vith e,lx1 r'¡ithout

prüvoked attacks of |td.uepin6t' d.iffered. only in their eår1y response to

food arid. both 6;r'oups shoï¡ed hyper,.:rotili,ty of' the sr,rall i¡l.besiine Efter

the first ten mi,iru'Les follouing the n¡eal. rt see¡rs therefore, that

the c;onflicti-ng results hitherto puÌllished. may in ¡:art be due to a

fej..lure to d.istir:glish betr¡een the inned.j"*te enci" lete chr-nges in
no*:ility d.uring provoked. at'L:rcics of rrd.uinpír:g,r. ,i'hus the report*s of

Ihyper-iiio'ui}1ty (ï,i1jedah1 et a1ii, 1959; lïe.llensten et alii, 1g5g)

cottlð be based. on the obse¡w¡Ltion of either the in:i'r;ia} si:ort pe:d.oe}

of" ¡r.ctivlty vhich in this stud.y preced-ecl the reðuction of niotility or

of the su'sts.inecL hypern:oti-lity which follolved it. ChristoffersÉol1

during provolcecl attacks of rtùurapingrr to that observed. in gre present

r¡ork el'Lirough the initiel ¡notor actívity L¿s.Lecr fron tr,¡o to eíght

¡ni-rutes Ín {;}rej-r patienis.

ïf it is eccei;'ce<l thet changes i-¡r iniesti::a]- notiliti, s1.s s*.r.

d.uring ei;teclcs of trd.wn.oingtt tireir role ín the produciion of sSrmptons of
precloninantly vesonotor nature iras not been setisÍ'sc'i;orily e:qr1eiined..

Ït hes been sholvn thet tire¡ne is a feJl in the plasma volune rzhen

s.vnptoias of rrcuinpin6tt 
an s provolied. by insiill¿tion of h¡,pertor:ic

glucose into tire sr¿a1l intes'r;j.ne (;'i,rud.rup ancl Balslev-Jfrgensen, 1g17a).

I'u¡'Lire::nore, in the er:peri¡rental ani.i::eL h¡çertonic so¡¡,tionõ c{-ì.use an

ir¡fl-ux of fluicl into the lunen of the intestine, erd. the infrux is
d'irectly propoiti-onal 'Lo 'uhe 3-engtÌr of intestine in contact vith the
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so-Lr.ltion (;Lnrù::ui: ånd B€r1sl-ev-J/rgensen, 1957b). lhe rate of fluid.

C.j-ifusj.on in'bo the hulet: is grelrtest in the duocLer:un and. snoJ-lest in

ttre ileum (-+rnOru.p and. BaJ-slevdglger.rsenu 1)J)) Uut it is not ir¡fluenced.'

by va6eJ section (r-,rnan:p end. ',Ía1i¡om-Jy'rgerisen, 1)62).

ft hes the¿-efore been postr:le.ter1 that the se11-d.ocr¡nented. initia:.11.y'

rapi,d enpi;,:in6 of the gerstric ïeunant {t,it¡eaeirl et alii, 1}59; Ðr-rtiri.e

¿:.nil l'ÍelíelL,er, 1960) p:esents the pro:tiner-ì- srnerll inbestirre lvith ei J.e*ge

sïouilt of h;"perosnoler solution. 'lhis -Lea-ö.s to a shift of fluid" frorn

tho extrave.scul.::.r' coml>irrù;ieni into the lrunen of the intestine an'l hence

to a loss of fluicl fron the intravasculer conperti¡ent vritir a fEill in

the ci:'culating plasna volur¡re. Shis fal-l has been he1ð responsi.ble

for the va,sornotor s¡'nptoins. Ïf this sequence of events rere aceepted.

it could be argued. i;hat i;lie inii;ia^l short-1ived notor activity obseryed.

ín 'bhis sturl¡r ir: srssociatíon v¡j-th the ¡rrovoked ðru.n¡:ing syndrone couid"

serve to brirg 'uhe h¡rper-bonlc solution into contact ''rj.th ihe proxi:aal

siterll intesti¡re. ït eoul-cl then be postulated. tirat the subsequent

Ity¡:omotility a}lo'*red. the food. to renain in the ul)ler smal.l intestir:e

r¡here tire r,ate of fluið. diÍ'fusioir is greai;est. .A constantly hi.Jr level

of uotor actåviiy as clenoræt¡.et,ed. in the patients in ',vho¡n the ciunping

s;'nåronie d.ið ¡:ot folloi¡ the sts.ndazxl ¡neeJ r¡oulcl sel'\¡e to tr.ansport ihe

fooci past tire:üost vulaerable upper reeches of the sFJall iirtestine.

ï'ïowever, although reiiuctions ir: the plesna r,'olune d.o occur,

'r?ebi:er, Bend.er a.na i,loore (lyyl ) ttave shor'¡n ih¿rt tÌ.¡e¡-e is ¡ro close

eorrel¿¡.tj-on bett'¡een the size of the reduction anð" the presence or
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ebsence of sSmpto¡ns of 'ðunping'. 'r'his fect leð to the suggestion

that s¡rnptor¡s Crevelop in those patients who are particularly suscel:,,;ib1-e

to h¡rpovoliì,eni¿r (Ire i¡uesrro, Hobsley and. i{ar:d., 1g€,A). .å]-tern¿:tively i.b

bas been proposed. that the s¡nnptgrns are the result of an inherently
abnorrnal vesponËe of the jejurun to food. (;ir:rdrup, 1961).

fhe ve.so¡aotor lr¿ture of the s;mrirtorns ¿rnd. ttreir rapirt onset has 1ec1

nany v¡orketss to i:elj-eve that e hunoral necha¡ús¡n is responsible.

ïrloffis et *-Lii (lgfg) stucì.ied. the changes in the prasrna volume, blocd

pressurer selua potassi-unt levels, electr-ocard"iogrear¡ enå renal functiop
ðuring provoked. atta,clcs of rrèurnpingtt. This v¡ork led. them i:o postulate

thet the release of a systeniceJry circulating er,gent, possi,bly adre¡a-

líne, is responsible for the ¡rrocluctior: of the rLrxtping s3-nd.ro1e, ït
is of interes'r; that on theoretical grounc.s ad.renaline rvould. be erçected.

to di¡ninish the inotility of tire s¡nel1 intestine alflrough thi.s effect
has not been demonstrateci. v¡ith nod.ern techaiques and. tlre early bal1oo¡

stud.Íes gave inconclusive results (rn6e1fi4ger, 19)+3), T}ris aspect

requires ftrther study. Furürer.:rore, although tecìrnicall;-r d.åff icu1t,
estirnations of the b1ood. levels of ¡.d.rene¿ine durirrg attacks of
rrd.umpingtr sould. be of great interest.

Another hunor¿l agent whi.ch h¿:s been consid.ered. to p1a3, a role in
the durnping syndro;ne is þ-h3'd.roxytryptamine. Tlii.s substance, which is
d'erj.ved' fro¡¡t tlie entero-chromaffin ceLls oÍ' the sna^ll intestine, is
knorsn to provoke hyper:notility of the s¡naIl intestine ín animals after
intre.venous adnini-strati-o¡r (Haverback, I{ogben, i;oran and" Terry, 1g57)

3¡,4-eqf€l@
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and'r ín sone species of ef.ri¡r¿ìLs, efter intr¿ùurainal ad¡¡j.nistration
(sttrtrin6 and r,in, 195e), !-h¡'dro:qrLr;pta;niire has elso been shol.,,* to
augment jejr-rnel rnotiJ-ity in rn¿rn when g.iven intravenously (üendrix,
.4'tk!nson, clifton anrl. rrgerfinger, 1957) I¡ut direct co¡rt¡¿ct of the
d.r"ug ritl: the ¡nucosar. surfece of the jejunum has no effect.

spectrofluor.onetri.c esti$ations of the .levels of 5-hydroxytr;4rt_
¿unine ilr the portal eini. systenic venous bl.ood. in d.ogs have shoy¡n that
the e"'qle:'inrentelly Índ-ucerl dura¡ring syndrorne is associsted. ì.ritlr h¡per-
seroton:lno.emj-a (Ðrapanas, r,icÐonalcr. e¡d. ster¡¿r^rt , 1g62), l,urthennore ,
Johnson, $loo.u, Jessepir and i{erkins (t96¿) hrrve shor,.n that bot}¡ in üre
d'og zurd' in nan the increase ir: peripheral bloc¡d. floit r'¡hlci: accorpari-i.es

the s¡mptorirs of rtclumpingt courcl be red.uced. or abolished. by alpha_

nethyl d.opa. This subst,ance blocks the sy*thesi.s of 5_hydro,:yt::¡pt_
emine by inl:ibitii:,g ttre decar.bo:<¡-1atíon of 5-hyoroxytr,¡rptophan (rrvi.e,
otBrien and iiorth , 19ç2). Johnso¡r et ¿lii (lgSz) also et-aj¡¿ed gra-b

elphe-nethyl d'opa atrl the 5-ì:¡,droxytr¡ptenine a:rtagon:i-st c¡rproheptidine
v¡ere effectj-ve in ttre clinical rÌsnageaent of patients rçith the ri.urnping

syndrone.

It has therefore been suggested. tÏrat the dunrping synd.rorne coul.d. be

d'ue to a sud'd'en releese of !-h;'¡l¡o:..¡rtr¡ptauine froa fl:e stores in the
s¡nall lntestine into the portal circulatioa, and that the r:esulting
high levels of the suilstance in the systenic circulatj-on give rise to
the v¿rsonotor s¡aaptoins and. the jejunsl h¡çenrotílity. lhe release
fro¡a tire snall intestir:ie coulcl be accounteil for by the ciistension of
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the jejuia¡n (ntttUring arrl Lin, 195S) ceused. by r"apid. g&Êtric enptyins.

I{ovever, there is by rlo nearLs unani.::iity in regerd. to the ro}e of,

!*hydroxytr¡rptairiine in the proåuction of the dunping synCrrone. 'Iire

results of J'¡hnsan et a].ii {lgAZ) "*, be críticisecl on the 6round"s

thsr,t no attenpt was mad.e to a.scertain r¡Ìiether åistension of the

jejurn¡n by an iso'Lorúc solution or by ¡:;ir ç"ithout the prod"uction of

s¡rmptorns of ?lchunpÍ.ngrr was aesociated. v¡ith h¡¿perserotorrlnae¡ri¿u.

Furtherrnore, Sci:nid. et al.ii {lgCZ) estinateð. i;he ur.i}É^ry exc¡'etion of

!-hyd.roxy-ir¡rloleecetic acid (¡-gf¿¿) in ¡:atients a.fter pertial

gastrectorny and" ttreir results ci.id. not support tlie irypothesis tinat 5-

hyd.roxytr¡rpte$rine r,vas j.nvolved. in tÌie paï;ho6enesis of the dw:pir6

syndror^re. They ínstilled. alternatively h¡ryertonic glucose, O.1.--N.

hy<i.r"och1oric acid and. distilled. v¡e,ter into the u1:per snal1 i¡rtestine

ir:. thrree groui)s of patients after pa:.tial gastrector:iy and. found. no

evid.ence of inc:"eased. excretion of 5-lü*.Å" in the pr"eseTlce of s¡nnptons

of frd.tucpin¿çtt.

lïåth re6;e*ü to the present rvork, the clinir¡-ishecl motility observed.

durir:g attacks of d.unpi.ng would. not have beer: e4pec'ued. j-f l-hyd.roxy-

tr;rpta:nire rvas causally related.. to the ð"i:mpii:g syndroue. 'llhe oiffere¡rt

responses to foocl wtr-1ch r'¡ere obse:weù i¡: tlre control subjects and. in
tire two ¿jroups of patients after gest:.ectony i:r ti:is stud.y could" be

better explein*d by the follorl'ing chain of events:

1. The r:ornal. rate of' gastrie er:rpt¡rir:g is exponential in that a

fixed. i::ectio:r of tl:e gastric con'bents a^ï'e presenterl, to the sn:all.

:4 ¡:ð ;q!¡rr"Ã:,-iTf,. . q:r*r:
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íntestine per unit of ti¡ie (Hunt, 1958).

2. P*rtial gastrec'bo¡ny leaôs to loss of gastric l-eõervoir

function å.nd. re,pid e¡lptyinð of the gestric r€nns,.nt delivers ¿¿r¡

al¡norrnally lål-ge volune of food. to the proxine,l s¡iia}l intest:i-¡re.

3. 'l'he intestine respol)ôs b¡r }:;çerriictility i¡hicir contiriuc,s in those

patÍ.ents rvho e,qlerience rlo s¡naptorns of rrch:-n::pingrr, lior,,.ever:, if the

dr-un;.ring synd.ronie is precip:ltatecl, h¡roonotili.by sets in; elnost

inr.:red.i¿r,te1y as in the present stud¡' or fron ti¡o to eight r¿i.nu-Les af'ter

the ¡neeJ (Ctu.istoffersson et a].ii , 1g5Z). i'trÍth the cessa.tion of the

s¡nni:tons of cuxpi.ng rnotor activit¡r inere¡rees io açpro:<j:ratel.;s '¿he

levels obse¡r¡ed^ in those pati-ents after gast¡ectorJ, in l,¡hoi:r food.

prod.ucecl no d.i.sagreeable sSrurptons.

LF. The rlecreasecl motility nay be causally reLatecl to the cLuniping

synd:'ome in thet tile snall intestine j.s not cap*b].e of resS,ond.ing

nonne-lly - tha.t is by increased. activi';;r - to su.Jd.en ciisterrsj-on or to

eontect r'rrth h;rpertonic solutions. i{olrever, .?. ¡tore 1illel;r al.,;erna-LÍve

is that the h¡¡pomotility is a pa::aphenoner:on bein6 causeå by 'i;i:e saae,

e.s yet ur:id-entified., hunoral substa,¡rce ,'¡lrich is responsibre for the

vesoiÍotor chonges. ïn either caso h¡,i:onoti.lit;r i,¡ould. alioir ¡ti'oloilged.

corltect betl'¿een the hlperto¡ric f'oou-. a::.f, the nucosa of the uppe.r sinall

i¡:testine and. could. thi:s be expecteri. to augnent the faJ-l irr ;o3.asma

volune. In vj-ew of the results of the present stud.y, a clin:ical trial

of cl-rugs lshicli enira::ce rnotility si¡otild. be niode in the trr:atlent of the

d.i:,ui:ir6 synriroile follouing gastric silr$iery.
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'Ihe hunoreå agent is probabJ-y rrot !-hy<lroxytr;ptami-rre (Schnicl et
alii t 1962) br"rt måJr possibly be act.reiralirie (l;oruis et alii , 1g5g). l:t
is therefo::e j-nterestir4l that alti:,.rr.rgir fhe good- effect oi' alpira-*reg:y1

d-opa in the prevention of.' tire dun¡;i.ir6 synrl-ronre r.;as ettri-i:uted. to its
interference lvj-11'r tiie synthesis of i*hyilrox;'tiX,"p-be.rnine (Johnson et a1ii,
1962) the rlnrg i¿-l"so bloclcs the fo:;neti.on of ¡.¿d:,e¡.ia1ine.

Prosti¿rnirne augrnentecl -bire :toti]-itjr of i}re suell ir:tcstj.ne il: both

Sror-rps after gastrec'coüty, ai:.Ci mole so in petients uitirou.L the ü.urnipi.ng

syrulro.:ne. líolrever, tlie d.j-ffel-ence bet,seen the t,,to groups ryes not

sta'i;istica11;¡' signjr-fic*nt, pro'!rab1-y beceuse only tuo of the patíents

in irho¡n 
.s¡n-irptor:is 

of rrri.r"u:tpingrt ha-d. 'been ind.uced. ryere Eiven pr.ostiE4ine.

compa.red. to the r.estir6 væ1ues, tire incree.se in inotility ee"used. by

Prostigraine ìîÊ,s statisticarlly signifÍc¿r:r-b in the pl.iients wi,i;hout the

d.ualping synd.:'oiae. The reasorl'.vþ ¡raiients after. pa:rtinL gast:,e ctony

shoi'¡ed" a Sreater 3'esponse to the æ'r.i6 tharr dicl the co¡¡trol subjects is
no'c clear, but it ila;r be ¡:elateù to the presence of ¡nore fo¡:d. in the

snal1 i.ntestine in the forner Eroup, -',i"Ì:ether ,ui:e a:nourrt of Í,ooci in
the intestine rnotLífies the r'eÊponse to Frostignjne coulû profitabl;, þs

inves'cigateC. in future ç,or.k.

chaucihc*y emd- fruel.ove ( 1951c) in stuclies of tlie ¡lo.bili,r;¡r of the

1s.r¿;e intestine shol,¡ed ';hat patients r'¡Íth the ir-riteble colon syi:d.rone

r¿ere r¡lore sensitíve to ProstÍgmine than were norñiìl subjects. tsy

o.n,elo.r-¡r¡ it s¡ould. be inter.estirg tc jl¡ror,¡ r¡he,;her pritienus iåo h¿rve

epi-sod.es of d.i¿rrhoea after 8astric surse¡}r ar.e uiid.uly respojls:Lve to
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choliner'gic stir¿r¿lation. fhe present stud.y cannot answer this
question because orlly th¡ee patients hed. ur:e:çlaineci episod.ic d.iarrhoea

enrl the response to Prostignine in these patients shoved. a ranclonr

riistril¡ution. l'u::ther stud.y on this natter is ind.icated..

Vregel resection is often perfor:red" es part of the surgícal treat-
nent of d.uod.en¿il ulcer.atior:. The reported. incid.ence of d.ie:yhoea

followizig vi:gotomy varies t-rom å- per cent. (Feggetter, 1gl59) to 5O irer
cent" (su:'ge t 1960), Ïn nan the motility of the s¡nal1 intestine efter
v*goton;' Ìr¿rs not been sù¿d.ied. lrittr modern techniques although ¿l,oth ar:d.

Beens (lgrg) usÍng balloons four:<l the.t rüotility had. not been basically
affected by the oper.ati-on. r,iuren (lgss) shonecl that in dogs a
¡ed.uetion in r¿otility was the innediate response to vagotony, in the
follouing three rilonths h¡4:er:rotility rvas observed anrl thereefter pre-
operative levels of activity wer.e restored.. The invesiigation of
íntesti¡:41 notility after va6a1 resection ín men i-s mede ¿ifficu1t by
the fact that tl:e resection na;r þs incor.ti:lete and regeneration of the
ve6al fibres aâ.y occur. rhe sî,ccess of the o¡:eratíon c¿r.n be jud.gec by
the gastrie acicl secretion after insulin-induced. h¡poglycaenia but e

further compliceting factor is the possibility that sone of the para_

s¡rrnpathetic fibres ma¡r traveL to the storoech in s3:npathetic nerr¡es. 0f
the paiients ír:vestigated" i.n the present siud.y only one. had. uncergone

ve6a1 resection ;xlrl aJ-thou¿gh in his cese the s¡:rall intestine vras extrenely
active af'cer the star:d-ard. neal. l:e d.eclined. the injection of Frostignir:e.

Diar'z'hoea is so,reti-¡nes a troublesone cornplication of partial

l

t
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gestrectomy even lvhen vÐ.fiotom¡r has no'ü been cår'ried. out. 'rhe

prcci.pitete gastric enpt¡ri¡g å.nd. ettreTlcecl lete Ì.espolæe of tÌ:e s&all

ir:testine tc¡ foocl could. obviously be of i-nport*nce in produc.tio¡r of

this syrrpton. I{owever, d.j.s+,;urbances of m.otili-Ly irere fr.ec¿uent}y

present in this stud.y ii: petients nrrt sufferir:g froro d.i+¡rhoeå"

Ðisturbed. rro'bility oíl Ì;lie large íntestine r'¡as denonstr'¿.bed. in
patients li'ith i;he ir¡{-t*ble colon s¡rrulro.ne. Tn the prese:,rt stucly

pertients øith function¿l d.j-¿*::"hoea Ìri,¿ ¡i¡arked. i-nac'bivity r:.nd patients

trith the spestic colon lte.d. increased. activit;,r of the colo¡r e.i:d. rectunl"

JuciSed- by the notility itrd.ex tire clj.fference betr,;een these ir-o subgror"rps

of 'c.he iffitable colo¡¡ synúroile $as s'i;e.tisticali-y signifioLr:t tirrough-

out aål the ¡iha.ses of tl:e record.Í-ng. lTurtheïuoï'e, the pati-er.rts riiç:
f\:nctj-onal d"ia:'rhoea haci a sigr:ificently lower 1:er.centege no,cor actj.v-i.ty

ancl ruotility ind.ex at rest than the conirol subjects.

rt strould. be poi-nteù out at tiris stage .í;hat, alfliough the ¡aean

velues for the per.centage activit¡r and. noij-lit¡r i11¿"* sho;ecl- ¡las,ked. and.

cf ten statisti"c:r^11y signific¡int dif'fe.rences betç¡een control sub jects,
pati-ents iTith the spa:,stic coLon and. ¡reiients w'ith functioiiel cì"ia¡¡hoea,

there l¡as con-sj-d.er:*b1e in¡liviclual v¿rr:iation withj-i: eacir of these 6ror1ps.

Connell (lgfg ) found. that slight].y arore than. o¡:e-tralf of the 1:e-bients

t'rith functiona-l boü¡el cli.sorclers Ì:ad ¡ror¡naI tracings, i{e also found.

that p*,'cients liiho irad. ä1sìJrhoea et -Lire -i;ir,re of sti.rcì.y Ìred. insc.Live

tra.cittgs attiiou,;h he gave no d.etaileci arialyois of irj.s results,

Confin:ring ti:is f'Índ.iirg in a later report (Coru:ell , 1962) he shor,;ed-

Ì=.---,+t¡,-¡..ryæ 
¡.*
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thr-it patients l'¡"ith d.iarrhoea had" sigru-ficarrtly less Ítotal activÍ.t¡r"

tlran control subjects. lìol'¡ever, connell (çez) ealcuratecl 'rtotal

activityrr as tl:e ¿:rocluct of ihe i:ercent;rge activity ancl tne:n emplituile

of rravesr bt-tt used. i:aLlooræ v¡hich have been sirol¿n to be inaccurate in

record.ing the er,rplitud"e of rraves (i':tctr:e et eli-i, 1962). Ii is

theref'ore d.ifficult to assess tire siEnifj-cance of h-is find"ír45s,

par'cícu1s'r1-y as he founcl little ð:iffe¡'e¡:ce bet','¡een no¡n..rL subjects end.

pat:Len*s with d.ia¡'rhoea in tenns of i:ercentege activity. ås ¡ilentior:ed.

previously, ire c¡rlcuieted. percent:Lge ac'bivity in a ïJay d.iffe¡.ent f¡o:lr

that used. in the present lrorlç.

fhere heve been other repoz'ts nentioning the r.el¡itíve inectivity

of the colon in patients T.¡ith clian-hoea (S¡rriggs et alii , 1g51; Kern

et alií t 1991; Chaud.har¡r and. Tn¡elove, 1g61b). Howevel., until the

present si;uc1y ii has not been si o'.rn rith eccnrete techniques of irressu-re

reco:'tt.ing ths.t d.i-aæhoee. is associs.ted rvj.th a stetistic.rlly sigrrificant

reduction in the rnotJ-iity of the cList¡l- lar.ge intestine,

I'iost l¡o¡kers vilo h¡'ve stud.ied. the subject sgxee thst e;¡:otj.onal

stress ney aL tines be associated. uiiir raari<eci changes ín the ,íoto*.

function aru1 vescula:.ity of the colon (tannon, 1jC2; ileeks, 1g46;

iütä;,' ancl Îul:irtt 194/; rÐny et alii, 1!l¡!erb; .â1rey et el"j-i, 1g5A;

¡lfrayr 1951; ìi'cr:er ariå I'olonsþ, 1!!O; ,?ener e-L e.J-ii, 1952; lïelsh a¡ti

i?olf , 196C¡; Chaudhi..x.,w and. ft'uelove, 19514). It has also general].y

been concecled thet a response to s-i;ress is not confineô to patients

w'ith functioncl or orgarric clisease of the colon but th¿.i; silch a

-:-;¿i.s.--,_

.-'-::sirry,Y-..!,r.r!æ!wù''_ ¡.-



168

resÍronse can be elicited. i-n rnan¡r no¡Tr&J. subjects (¿r*y et âlií r1)taparbi

thaud.hary anrj.'In:elove, 1!61d,).

However, it is virtuall¡r j:npossible to ccrirpa¿,e the results of
clÍfferent groilpo of r'¡orkers for tl-ro reasons. Firstly, it is d.ifficult
to jud.6e wherla¡rd to rvha.'c extent, stress has been inð.uced.; secoild-ly,

va:ying ancl arbitrary cr-i-teria of what constitutes a signifi-c*:nt

colo¡úc resr:Õrise have been e;aployed. in the ¡:ast. iThile it cannot be

cl¿¿in:ed" tira-t the first cf these trco ciifficul'uies has been elimirre;ted. i-n

the present s'Lud"y, the eno-bive intervieit was co¡rcìucted. at a,,1evel of
intensi"tyrr l','hi-ch *s far as could. be jud^ged. vras oqual ín a^ll patients.

irtt:'thernol'e, Qurr.ntitative criteria of ¿n s-1i;ered. rçsponse of the le¡ge

intestine i.'ere clefined.

In this s'Lud.y on1¡r patients vittr functior:el disrriroea he.d. e

sÍ¿rrif icantly highe:' notility ind.ex dur.ing tìre enoiive intervien tiran

dur{"ng t}re restirig phe.se. ilor'.;ever, d.r.rrin6 tire interview tÌ:e nrotility
ind.ices of the tvro groups o1- paiients lrith the irrj-teble colon synd.rorne

did. not d,iffer si¿;nificantly from tìrat of the conbrol group" Further:

uol'er although the mimbers nere sma11, approxinately equel proportiorLs

of control subjects and. pr;tients r'¡i.th the i*'ita'i:Ie colorr s¡rnd.ror:re ha.d.

an enhancerl t"espor:se to 'che eaotive í¡rterview. Chaud"hary end. înrelove

þgeld ) reported sj¡rilar fir:d"ings in that 2J per cent. of their contrel

subjects *nd 26 per cer:t. of petients l¡ith the irr:itable colon syrd.:.orne

shonecl coloric hyi;eractivity d.uring the i'tervierv.

Ïn the pl.esen1; Í.nvestig+tion food. augmenteir lrotility boilr in the

srÈ"!¡qst"ææ* *-i-€..¡ ì-
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control suìrjects ancl in üre pa-ti.errts with the irrÍt,:.bl-e coron synåror:re.

' rhe incre¿¡'se in the notility índ.ex wes sts,cisticerly s:lg:r:ifica,nt i'
patients ,;j-th functi.onal d.iarui:oca. Hol,¡ever, ir: irrr]"iviclual ceses
there wEàs poor correlation betueen the resporï;e to. the s.be.nd.¡¿.rL near
and. the lrresence or absence of a iiistorX, of Íntolera,nce to any of fl:e
cori,stítuents of tire nea.l.

Prostigmine cc:rsecl a sta'Listi.c:r'lfy s5-grf.Íica.i-rt ¡åse irl tire 3;r:rcent-
age notor ectivity ancl tire notílity i¡:åex in co¡rtrol sr.rbjects ae r¡el1
as in po'cients l';ith 'i;he irritable colon syi:drone. -r,f,ter. lrrosti"g*i:ie
patier:ts l,¡ith tÌre spastic colon h¿ul considerribl¡, ¡¡rore ¿:.ctívity enil
patients ¡rj-th funetion¡L d.iar:;.hoea consícj.erabì.y lsss aetivity than
patients iri üre eontror group erthough these d.ifferei:ceñ r,¡ere not
statisticd-ly signific*:i, Che.udhary o.nd. l,¡_uelove ( 1gS1c) atso
reported' a nore rtsrrced response to.rrosti¿:rÍ-ne in patiei:-rs r.¿j_th çre
spastic colon tiran in nor:laJ- subjects.

o¡rinlons vaJxr ¿5 to l"vhethei' the imii¡.bl-e colon syncrone ir::.s er'y
distinci;ive radiorogicat features. i(irsner e.ncì rËar¡ner. (1r5e ) aia not
thirtr: so, irirereas Ke.rser , z,i.on ancj. jlocrrus (tgt,6) re¡:o::te<r raciolo¿.ical
e'bnoralaJ-ities of boih -;he srïall eirL the large irrtestine in ¡;atienis i.,-igr
this d.isorde:'. r,u,ïsc.el: and. ?rr.iel0ve ( 1g5g) ancr. Lumsd.en, chaudhar;r *.<1
Tnrelov-e (lys:) enphasi-secl that co¡itr-erst rr,.ci.og:.irpl¡y of the 1ar5e
intestine could contriirute to tlie cliagnosis oirl;i Íf r:o ir.¡.it¿-.nt ene¡.las
a'd' aperi-ents vere used- lt,o prep*¡e "Lhe pai;i-e't fo* rad-io¿raphy. ïn the
present i;ori: 'uhe eir:er.acìio¿Sraphic s,cr¡cLi-es of tjre riir6e intesiine ,iere

!€r+trF ¡=r j-..-_.¡.çF w'q..:æ:
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too fer¡ ín rrr.¡¡¡lber to d.isclose possible d.iffe¡-.eilces betr,'een norrnal

subjects ar:d patien'cs with disord.ered" i:oivel ircùits. Tn vieir of ti:e

relative paucí"i:y of ¡:rotor activit¡r Ín the d.j-s,uar colon anð" rectum:

p}olonged. c'ineradiographic exposures sou.ld. be ¡recessory to obtain

representative records of tire notility of ihe unstir*ulated" l.:rrge

inte,:tine. Hoi'¡ever, even rrith the j-ncreaseð;nl;rgin of safety

c¡ffe¡:ed. by closed. circuít televisioi:. irna6e å¡r,¡;e¡:sifica.tion, such

expo$Lìnes uor"rld. entail s consid.era.bl"e amount of r.cd.iation. rt is
therefore consÍd.ered. thst every effort shoulci be l:red.e to d.evise non-

ro,'Jiolo¿;Ícal tecl:niques c¡-rpåble of yielôi"ng si.¡lilar infornatior¡ to thst
oT:'ba:i.ned bi, ciner.l.rij.ograph.y, Ritcl:ie et a1ii ( 1g62) have devisedr e

d.iff'erentj-eL unilc for recorrling intr¿=.iu:ains-l pl.essures ¡.¡irich gÍ-ves sone

infornation of this nsture.

The folloiring factors h.rve been assuned to preclispose to or to be

of ae'uiolc.,gical si6n:iÍ'ics.nce in -bhe ii.::itable coLon sy¡aro;:re: a past

histozy of d.ysentery, ebclor¿inal o.oeraticns, eilotion.:r-L st¡:css, food.

intole¡'¿nce, broed" spectnrn r¡:tibio.tícs e,nd. m.isuse of purgatives

(Kalser et alíj- , 1g56; I(irsner and p::.J.me:., 195g; ChauC_irar3, ¿¡Í1

r:rrelove , 1962). 
, Each one of these f¿icto¡,s except ilre last tv¡o

nenlisneå ltas observed- to he.ve precipi.t*ted. or e6gre.vated. the cliso:rrl.e:r

in sorire of tile patients of ihis str.ray. äovrever, there l.r.ere eleven

pati-ents i¡r r¡hon no pr"ecipitating cerse coukl 'r:e found.. 0rr1y four
pat'ients stated. that neither enotiond. stress nol specific foorls

Íniti-atec1 a relapse or &ggråvatecl s.lr,eäd.y existi.:r6 s¡n:rptons; these four



t /l

patients all h:ld" the spastic colon.

ïn the present stucl¡¡ particular enpirasj-s nas p]-acerj. on the

quantitative assessnerrt of chringes Ín the notility- of tire J-e"r¿;e intes.Lii:re

ind.ucecl. by eraotions, food. :¡d. chorine::glc stinuraiion. ït ti:ei"efore

seened c¿:1;ropri.ete to consicler in nore d.etail the possible r.ole of e¿ch

of '¡;i-lese three f¡rc'cois i-n the eretiolog;' anrl pailro6enesis of fire irr,itable
colcn syi:'iro;re.

CLinicalLy tlrere v¡as littLe d.oubt th¿rt enotion¿rl stress ¡,,ncl the

i:.¡.ii¿rb.Le colon s;,'idr.one were reLateci. Íhe onse-b of the d.isoräer

closely follol:ed. a najor enotion::-1 c:-isj.s i-n i;hree p:rt,ients; in these

and. in a j'ur'cirer nine patients nervous te:rsion d.efinitel-y a¡;¡;:,:rvaied.

pein or ciia¡'rhoea lvhich l.¡e¡e alread.y pr.esent. thus psychogenic

factors ap¡;ea:-ecl releve¡t ín 12 of the 1E paì;ients nith flre íryi,¡able
colon s¿i'nu'.1'one. iiús irropcrticn is only s1i6Jd1y s:,raller the¡: ,cire 
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pel' cent. re¡:orted. by Chauil.hary and. Trcielove (lgSz). Furthezgor.e, the

e::lotive intervier'¡ pe:.for.r:ed. in this stuc.y c..q:sed. a sta,cistíceJly
signifíca¡rt rise in the nean nctiliiy inc.ex of the pa,cients lrith
functicnal ü'ia::rhoea. llence there l,¡as both cli¡iicerl anå erperi-eental

evid.ence favou}ing a close rel¡.tionshi;l betzeen psyciro¿;enic f¿rctors

end. the irriteble colorr s¡rm.i,o:re.

Ho':rever, there Ís also evid.ence to su8gest that the relationship
betv¡een tlre ps;¡che a¡rd. tt:e i¡'ritable colon nny not be a ca.usal one.

Irirstly, it is üel} kiro-,¡n ths,'c euiotionsJ st¡,ess ce¡: induce chan¡3es i¡
col-or:j'c notility in Ïrealtlty control sr-rbjecis as r,¡eL1 as in patients vritì:
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funetion¡¿l alirnentary d.isord"ers (.A:-,n;r eryl. Tulin, W+7; -Ali:r¡r e.¡ âlií,

191+9b). seconci.l¡r, in the çresent wo:.rc a respcnse to the e¡¡rotive

intervie¡'¡ Ytas ïro ntore conìi-lon a$ongs-f the patients rvith the irr.itable

colon s;rndroiae 'chan i¡: tire co¡rtro1 suirjects; a positive resllonse w&s

observeci in I of 1[i patients r,¡ith the irriteble colon syr:c1r'oine an¿ B of

15 co::tr"ol sub.jects. Si.uil:rr results îieï€ reporteiL "uy Chaud.hrir¡ ard.

T¡uelove (tg6td). 'Ihi:clly, in tire p:.esent stud.y rro less tir¡¡.¡r five of

the nine iretienis rt¡ho h¡.d rn'i sce11.l.ne'ous organic ali¡¡entanXr c1:iscrrlers

r¡ith ü.iä.r-.hi:es a'ü 'r;ha tine of the pr,essure record.irrg statedL thai the

d.ia¡riroea v¡rls def in:itely ag;revi¿tecl by nervous terìíJio¡r. of the 16

petíents in the niscellaneous group r'¡ho had. a history of inie¡tr¡ittent

or contírn¡ous clÍaffhoea, regr-rd.less of i,¡hether the stools ï¡ere loose s.t

the tire of stud.y, I hari- noticed. aggr'*vartion of ilre clia*hoea by

eflotional stress. IinelJ-y, the rise i:r -bire percen'be6e noto: rictivity
and- niotility inirex d"uring tire enotive inì;ervieiv ives no greater in tÌte

pati-en'Ls with functionel- d.ia¡'r-iloea then in those pr,:.tiei:ts j-n l¿i:on the

d.iar¡'hoea r?as cåused. by proven org":-ni-c ¿Jjrnen';ary d.isease.

Ïntoler¡¿nce to specific food.s has previously been d.escr-ibe¿. in
patiei:ts rv"ith tl:e imitable ¿olon syncirone, el,cirough ,crue gastro-

i-ntestineJ a11er'6y å-ppeâ¡.s to be raro (äa1ser et elij-, 1g56; Kirs¡ler

and. Falraer, 1!!ti). char-rci::u:y and. lruelove ( 1962) st¿ìted. ilr.rt 5ip of
tl¡eir' 1Jo pa.tients noticed. aggravation of the s;æ¡toils by particul,.:r

Ítems of food. Tn tlie present sturiy 11 of the 1E pai;ients ryith the

irritai:le colon syni:-roitte î¡ere corrsiC.er.eå to hrive intolerance to specific
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food.s. I{orrever, t}rere lyas rro cl"ose corr.el¿;tj,on beti,¡een a, cllnic!,¿
history of Íntoleråince Lo one or läore of 'che ingred*i-ents of the sts¡d.asd.

meaL on the orre lranc. ¡lnd. the res¡lonse of tire large ir:test:r'.ne to the neal
on the other.

'Llthoug-h ;'rlnry ¿inc1 iíern (lgSz) reported i::jribitj.on oÍ, colonic ¡¡ro.Lor

activity by acetylcholÌl:e, it has i:een r.epeaterlly shoryn ihat cÌrol.inergic

stimuletion eusTuents the motility of'the 1::.ge iniestine (:ic"ler et '-lii,
1942; ,{tkinson et e.l.ii , 19t¿-ji ï¡irå s¡d }'r.iec1nien, 1960¡ Chaud.ha.e";. anci

Truelove (lg6l.). It has also been pro¡rosed by ühnuci.irar.1; and Truelsve

Ugelc,) th¡ri increased. sensitj.vit.l' of ti:e coLo¡ to par.asy:np¿thetic

stj¡nulation i's coanon tr¡ ell patients with 'rJ:e irritable colon syrrctronre

and' raey therefo:re be a factor in tire pathogenesis of 'b¡is clÍso*d.er.

Hoi"'ever, these authors d.id. not subnit a siatistÍc¿il evatu¿rtion oÍ. üre

efi'ect of FrostiEnine observecl in their sì,ird.¡r. The -oi,esent 
.,r,ork ciirl

not support the concept of hei"gh-Lened. reaei;ívit;¡ to pæasy:ii;:a,urretic

sti¡luLetion. .Although i-ntrsìnuscLi}"=l: tsrosti¡;:rir:e ceused a signific*nt
íncrease in r:rotility both ii: control subjects and. patien.bs r.¡ith the
ir¡itable colo¡l synclroree, the o.iffer.ences beiseen the response of ¡re
controL subjects on orre hand. ancL the respo¡:ses of pc.tien-ts r¡igr tire
s*oastic color: and. rri'cÌ-^ f'unction¡J cii¿rri-Ìroea c;n the other.,;¡ere not
statisti ca].l;r 5ig¡if'j. c¿.nt.

rt see¡ns lil:ely 'bh¿.t sorie of the curren.rly acce¡:teri y1egs of the
j-rritaïlle coj-on synJz'oirie rriay neeci to i¡e rnod.ifie<i. i¡:irs.b1yr ít has beer:
generally lrerd' that psyciio.tenic f¡rctors are of c,etiological s:Lgnific¡ir:ce

'r'.Ë.F*hEÈ.1*.
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(Katser et aJ-ii , 1g56; iïi-rsr:er and. FrJmer, 1g5g; 0h:rudh;ry and.

lruelove, 196'id.). 1ì¡iri1e this rnil¡,, be tru.e in a prcpor:,.bj-on of i;ìre e¡lses,

the firtå:ings of tlie present s'cud.¡'- ind.icate that emotj.onal stress nay

also aggrav¿r.te d.i.a¡"i'hoee. due to orgarii.c alJ:nentary c1j.se¡¡se, !'urther-
ülorer lvhere e ten¿lency to dierrìroee exists ciu.e to loceJ üisease cf the

srnall. or the large inte.ctine, nervoils tencion nay precipitate an

ati;ack. In sucir cê.Écð the clin:Le¡r,-l historî nây 1e¿¡.ó- tc a-n errorjeolì¡,

iniLíe1 d-:ia¿lnosis of fu;rctj.onal- elir,:enta:ry clisor¿er as happe¡ed" :1n the

preseni sti-tcl;r. It is therefore suggested" tl:¿:t the roLe of psycliogenic

f aeto¡'s in ti'¿e iffiÌ;e.ble colon syricirone is a ciual one: eilotionerl

stress nay he.ve aetiological sígnif ic¿:¡:ce in a. pr.opo:,tion of the cílses

bu's ¡nore coilurronly åt a-c¡reans'uo ¡rlay the role of an ag,gr:ava.ting factot.
'Ihe neci:an:i-s;:i rihereby e;:iotions e:cert tÌrei¡. ir:fluence on the intes-Line

nay be tirrough increasec susceptibility of the intestine -bo i:ara_
syrrpathetic sti¡rurertion ã.s su,súeÊteú by cìrau.o-ha:y ¿¿nd- ,_l_.nlel-ove ( 1g¡1c),

althcugh ihe finriings of the prreselt i,'ori; o.o not su¡port tiris h;po_

tire sis.

secr:nd.lyn the¡'e s.Ï'e so¡ne studj.es l:hic?: suggest that the irr.ltai:1e
colon synd.r'o;:re in,-.y not i¡e of purely colonic ori6;in ( llo:r.n, lgsz;
Friednan, 195¿+; j{oror'.dtz ancl F.qn'¿lr, 1962). lire i:ossibl.e role of t}re

snel'l intes'LÍne in tiris cisoraer is ¿rs yet ulrlrno?:r, ancL the üanoijle1;ric

struùies of tÌre sncJ-r Ín'i;estire in the p:.eserrt work we::.e too fev to
peneit valid" conchrsio.ns. 'Ihe i;r-oble¡n is t,,o¡.flr fhture investiga-iion
particul*,.r..i¡r t,-ith ¡.¿rúiotel-ene,;erir:g techr::iques. Furüierr¡or.e, althor,rgh
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f\¿nction¡rl d^i¿r:'r*roe+,:rncì the sp;stic cclon a¡'e Ìrelcl to be veriel:ts of

the sarce d.i.sor'der, objecì;ive evj.d.er:ee to support tllis concept d-oes as

¡-et not exj.st.

It appear's 1i1:e1;, that Í'ut'¿::e stuciies r'¡ill d.isc.l,ose tÌrr+t or.grnic

d.isord.ers account for- tire s.;r.ip'coi.1s of nrv5- paiienls',,"ho æe it p:'esei:t

consiùe¡'ed. to h:ve 'ci:e irritable colon syr:.kone. lìecently sone

patierrts with cl,ier,...hoee ¿nd. intoj-er*nce to sj:;eoj-i'ic su8¿:r.s hl.ve beerÌ

show¡r to have d.efici"e¡rcÍes of va^:"ious intesti.nal nucose,l ðiseccl:e¿"id-ases

(Âuricchio, rlubi,rro, f,and.olt, $enenza and. Prsd-e r, 1)6J; -å"núer.soit,

l"lesser, Tor"nley a-rx-'r. Freene:r, 1963). Perhaps the food. intoler;Lnce

r'¡hich is seen coririnori-y in p*ti.ents r'¡j-th the ir::ii;sble colon s;rntrome is

the result of genet'i c or eequired. eifuS'ïne d.lsturira¡':.ces in 'r,ho s¡nel1

Íntestine.'

lhe neehe"nisn of fori'¡¿rrl trenspor'c of intestin:-l contents hers 1or-.g

been d.eba.ieci. ft has been sug¡;estecl tha'c in ihe smal1 i¡rtestj.ne wû¿ves

of type Il.T sre responsib-Le for;:ropulsion (tsosey et alii, ,îg¿i€;

clrapman an'l Falazzo, 1))a); chairman et alii , 1g5o; åì.oriland"s ei elii.,

ß5abi Daniel et alíi, 1959). 'rype T activity:lay also be conce:.nec.

vith propttlsio¡¡ in the sr¡a1l il:i;estine bec.:use this a.ctirrity he.s been

record"eil- rJ.r-lring the e:c:ulsion of fe.eces throngh entez.ie si;o¡nas (lan:ot

et a1j.i t 1959). Fropulsi.on in the 1e:'6e ir:'Lestir.e h¿rs beer¡ ai;tri.bu.'ced.

to v¡aves of' types I, II c¿;rci ITl (Pose;' et alii, 19t+8, 1951). It has,

horever, been. sugSes'beci that ¡rcne of these ua¡¡e foi.rìs &re i-n the;ilseh'es

propttl-sive but thlLi; transi;r:rt o:1 'che coi:ten'Ls of ihd snall lrpC. la:ge

È:'æÌF-Fj-
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intestine v¡il-l tefte.place orJy rihen trio or moro functional segnrents of

tlre i.n'r;estine contract s;,nclronously (nAter et ol-ii , 1g)+.1; posey et

elíi, 1951). !-inaì-Iy, Kern et alii (lgy ) proposed. that forryard.

tr'*,nsport irr tl¡e coLon depencted. entirely on waves of t¡¡pe IV.

.¡ls ¡nentioned. earlier in this cha¿:ter., comel¿.tion of the cine-

rad.i.ograplúc ::nC. the manonet¡dc stud.ies in the present irrvestS.gation

ind.ica'Led. that no single ç¡,rve fo:m rvas soleLy rssponsible for pro-

puLsion in the sma,Il intestine. rt was therefore suggestecr the,t

forr'¡a¡'rl" tre.nsltort r¡ve,e d.ue to the presslrre grarlient establÍshecl b¡r þ1g¡

levele of notor activity i¡r the upper smâ.Ll intestine and. a progress5-ve

decrease iir ectivity in the lor¡er jejr.rru.rni and. ileuru. îhe relative

inactivity of tfre tenninal- ileura in two control subjects ï¡as shoun in
leble XV (stuclies 35(1) anù jS(1 )).

lhe nechanisrn of trainsport in the Lar.ge intestine renain^s to be

consid"ererl. The results oi- the siurultaræous ilressure reeor.d-:ings f:.on

the proxirlal. end d.istal. large iritestine (fairte E-V) proviùed. soi,le

infonnation in tiiis regarð:

Juclged- bi. the rnotility inolex all the control subjects had.

more :notor activity in the d.isteJ. colon than in the proxi:naI

colorr ùtrring the restin6 phase;

Frostigniine, and- to a lesser exte¡rt, food., zþversed. the

sitttation by inritrclng ¡Ìlo1-e activity in the proxi:na1 colon

than in the sigriroid. colon encl r"ectum;

One pa'ciont sj.th corrstipatj-on and. steatomhoea hed.
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consid.erebly rnore activit¡r in the d.istal. ler.ge int,estine

than in 'che right colo¡r d.uring all pheses of the recorråj-ng;

Finc{J-y, 1n 'che pe.tient rvith ciie.¡Thoea due to s;rsteniic

nastocytosis the ascend.ing colon l.rå.s more active eve:r

durir:g the resting phase than the iListal large intes-bine

e.rd. *he rliÍ'ference becene nore m¿i¡ked. e^fter food. eruL

Frostignine.

,tlthough it ås appreciated. that the iriraber of studj-es j-s snal1,

these firrclÍ¡gs nevertheless sugijest th:¿t a reversj.ble pressur"e gra¿ient

exists in tire 1ar6e intesti¡:e. lhis gre,J.ient eould. be expectecl to

effect a slor¡¡ d.istalwerd. movenent of the contents of tire large intestine
as long *'s the pro:<i:aal colo¡r lves more e.ctive thar: the signoi-d. colon.

-Although no exornples of type rv v¡aves i'Íere seen in this stud.¡,, it is
possible thet the slo¡¡ æralç¡a"rd" trenspor.t could. be augrented. by

infrer;uent but ¡:orierf\:f iyaves of this t¡rpe (connerJ-, 1j6e; Fjtchie et
eJ.ii, 19'02).

ConstÍpation could. be expecied. to occur under three d.iffe:.ent sets

of ci¡cLunstances. lirstly, if tire pressure gred.ient beceuse of Ìr¡per-

notilit¡r of 'cl:e signoid. cclon ','¡r..s i:¡,ed.ominent1¡l ri.irected. anay fron the

anusr f5'l1ing of the rectr¡a r'¡ould'be slon. $uch hyperuotílier of the

signoid. colon anel r-ecfi¡n has been shoun to oecur in patients i'iith the

spastic colon b¡r the*ud.hsr¡r an3. îirelove (lgSlb) alrd in the present stucly.

Seconð1y, 1oi'; levels of nrotor aciivity 'i;irroughout the intestine aË seen

after prolonged nisuse of caihartics (case Jo) shc,ukl. result in

'*t?'r+=.k-É
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contti¡:ation; h¡rpothyroici.:!-s:r coltld have a sinilcr effect ûn the

j.ntestj.ire. This crisi;ur,tr¿:.nce of uotiJ-ity me.y be '¿he ira.sic of phe.t is

ccrrnmor:ly refemecl to u" a'l,onic conatipabion. In tire tiri¡,d- vsrietlr of

coc,s'úipâ.tion, Í;olnetines :"efer'::eir to as s1nrple d-Jrsci:euia, intestina].

r+otiJ-ity na.y bc no¡na} j-n the eeirl¡r s'cages ar'¡d. the necl¡.¡+nj-.:i¿ of

constipa'cion is probe.bly "Lhe ¿ini¡r-ished. sensitivå.ty of '¿he l:.ectirü to

&istensj.on (Truerove anå :ìey:relL, 1963). lhe cliæinished sensitivty

me¿ be an acco;ìlì-reninrent of the *5eirrg pllocess (eotir, !-ein:ll-.Ld- $turman,

1957i or it n*y be cr¿useð by repeatecl. voluntary su.tjlrressj.on of ,¿ire

d.efaecation reflex.

.åccplere,i;ed tra,nspo:rt of intesti.nal contents lead.ir:g to d1arlhoea

noulrl occur if 'che pressu¿-'e gr.r.d.íent i¡¡ere const*ontly rlirect;eEL tcuard.

the anus inste.q.d. of bein3 iiirectecl arvr,y froil tire a.nus in tlie lestin6

bor'¡el. Such a constantl-y uidd"irectionel ìlressure grad.ieni; l;ou.ld. be

the result of the rii¡nirrisi.re'.1 ot' ¿bolished. notj.lity of the aistal. ler.ge

intcstine shosed by üoni:elL (1'¡Sz ) ot d by the ¡:rese:,-rt v;ori< to occu¡' in

d.j-er::iroeal str¿tes. This concept is supportecl by the fe.ct th¡,t the

oontr"aetÍons of the signoj.d. colon are rioir believed. to d.elay r:ither than

to acceler¡ie i:he transpc:.t of faeces to the rectu:n (Cor:ne1-l- , 1)52¡

Litchie e'ii rrlii, 1962). lire plessure Eler.dien'r, ¡.nd. tirus trarmport coul-d.

be fur'uher augnei:r'teô by ¿'.il incae.]-se ii: tire notility of the s:nal-]

Íntestir:e or ¡;:'o:*i"nal colcn. Tt nay be signlficant ih:¿t in tire preserrt

s'cudy the stend.crcl rnes.I j.¡i.fr¿ced. ¡n..irked. hyper:nro'LilÍty of the sriall

intes;ti.ne in tso patients rri.th function¿il die,r.r,l:c¡es ar.rl thgt botl:

:¡:llaúfsry+r-- :î' .ç.?'j- -i¡1:-j
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patients hed' noticed Ê,g¿lrtlvatj.on of tile d.j.¿:n.hoea by flre constitLren,rs

of the neal.

fhe re¿:solì f'or tire quiescence of the sigaroid. colon a¡xl rectu¡¡
and' possib'l'y the hy¿:er:roti-1ity of ihe srnal.l inbestine nnd proxinal eolon
j.n åiamhoea is une::1:lainei.. Si.rnple pares.t¡npathetic stillulation is
unl'i};ely because Frostig;airæ âuünents 'che r:iotility of tho d.istal 1*r.6e
iutesti:ie al'i;liolrgh it sccele¡'etes transport by the eve¡. rilore proneunced.

stiinula'i::ion of the pr-oxi.raal colo¡r shoi¡¡r by Tri-il]; end. i?rj.ecJnan (t96o¡.
ït is 'i;herefore of interesi that !-rryd.ro:rytr3pteraine i,¡hj.ch cÐ,.i.rses

incre¿secl r:rot;ility of ilre snalr ii:testine (iienclrix et alij_ , 1gb7) tres

beer': re¡:orterl to aug:rent ¡¡rcto¡ activi-ty in tlie *oroxi.fll colon r¡hile
abolisi:ing the contractions of tfte distal lerge intestine (irin* ana

!'rierìrran, 1960)- These effects of 5-hyclro:':ytr31:taline vere corrfi=,::ed.

in the prersent stud.y etrcl lvould. be well suíterl" to accelerate trs.nspo:.t
through the intestine. siniler ciranges in r,ioi;ility az,e sr:.6gesied. as

tl'æ raotor coilpor:ent of cj.iamhoea, Ði_e¡rhoea nay be one of the
nan:ifestations of tire ínc¡-easeci pro<Ìuction of !*hyd.rox;._i;r¡r.i;qnine
associatecl td.th netestetj.c c".rcinoicl tu:nours. Ii is ¡{so of intclesi,
th:-¿t elthougir the 2jr.-i:our excretio¡. of 5-¡iïi.¡. ha_s been reported. to be

no:rnel in tire ir¡:itei:le colon synd.roile (Eovrless::.r, îüll1rrres, ïrav ar-:i1

sleiserrget, 1)i8) the:'e is eviclence ',;hat sirc,¡t ¡ieriods of excessive
rele+se of !*ti;¡d.rox¡,'ti'.-;;p,tairine nay not be refrected. i' the zr¡-hour
excretion of ilre meLaìroli.Í;e (fe:-to:_a and Lepi-.t1ner:, 196j),

ït is eppr"eeis,ted- -rli-q-t the rri:¡.rber of si,rulta:reou-s Irí.essur€
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¡¡eco¡r&irgs fro¡c the pnoxiraat erd 'd.ista1 colo¡r wes snall. There is
t^bus ap'ie scope for fi¡tu:e work erd. åt is felt that an aBpr.oach alor¡g
the follow'íng rines wourd. provåde i-ncportant irú'oruatlon:

si-uurta¡:eous sü¡dies shourd. be ned.e of tbe notffity of. tbe
proxinal ad. distar ooron ia ro:meL suÉ¡eets and. patients with
d'larrhoea to codírm or rer\¡te the enalr n¡nber of ex¡rer{-uents in
the present sttrd.y¡

the åå qåvq effect of 5-hyd¡o4ytaaptanir¡e on the large intesti'e
should' be conf,i¡med. in view of the report by Fishlock ar¡l parks (1965)
that this substance inl'ibits the contractions of isolated. sruscle

stnips fron all parts of the colon;

the effect on notílity of d.nrgs which antagorrlse the action of
5-hydro4rbzSptaraire could, well be stud.ied. in pationts mith dia:rhoea;

if one of the anrgs tested. was found. to reverse the ehar,ges in
notílit¡r associateè with d.åarr*¡oea it should. be subjected" to a

clinical tnlal;

fínally, esti-eation of the excretion of 5-HI¿¿ Ín repeated. ts¡o_

hour speci-nens of uråne fr.on pati.ents u¿lth the iæitable colon
s¡mdrome should d.emonstrate whether ínte¡mittent l64rerserotonin¿enia
ls responsible for the ðiarrhoea whích is a featune of thls d.iso¡¡iler.
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lho motor e.ctivit¡' of tlie cllgestive t¡.aot in iii¿i:t Ì::r.s 1.rr'eviously

been Írwesti,gateo b;' ãi. 1r3¡¡3" riurÈ'ber of nethods. Velua.ble j.rú'or:nati-on

on the notilíty of 'bire sr:t.tll ar:cl ti:e lerge iirtestÍiie ir:ts been oÌ:t¿r.iried

by means of d.j-r'ec'b obserr¡a1;icu, balloons, open end.eri c¿-Ltheters, :.ad.io-

teleineterl.ng ca¡:suleso electrom¡iogra¿:hy end. r.e"d.i-ogm"phy. Stucìíes have

been ¡¡r.:d.e of the eff'ects on notility of e¡lo'Lion, :floo<l ancl d.r*gs anii of

the behaviour of the intestj.r:e in i:epti-c ulcoraij.on, the irritable coloir

s")r¡ri1¡onre, ulcer:i.'cj.ve colitis ar:d other. a].j.rnenteJy rliso'riers.

llot'ever, pro¿;ress in tire field. of rao'cility h:::s ireen re'Le.r'tleiL b;. ¿

n¡nbe¿'of f¿c'toys. i3¡r necessi'r;¡,, nanJ¡, of tire early sturli-es ï¡ei'e me"de

wiih ec;r-riirnent irhì-ch uas oi:l-;r ceçable of rrrovid.i-r6 irilfol:aa.tÍon of a.

purely qualitative r--¿tnre. Even in later vrori: quantit¿:.iive anelysis

of the reco¡t1s h¿Ls ofl;,eri -ceen ne¡;leeted. and. st:rti¡;tical. evsllrsiion of

the resulis has rare-l-¡r been ¡e;.fon¿ecl. Furti:e::;:oi"e, the ian6e of

notility of tire s¡:r¡f-l intestine in nornel su.bjects has not irithe;'i.o

been d.ef i¡red., Finally, the interi:ret¿¡.'uion of the i-'unction of the

veirious lv¿,ve for'ics errcoun'ber.ed. in rilotiliQ' tracings ir::s been iargely

speculati.ve. !,Íith regard. to the large intestine, ii:is d-e'ficieirc;i has

been prlrtly rectifiecl irlr recent eor::'elative rii¡-r:o¡ne'ç:-ic ¡:¿rd. ci¡:erad.io-

gra¡hio stud.j-es. lioi;ever, ir.r lespec,c of tÌ:e sna].l iirtestiite, the

fu¡rction ot' tire lreves he-s ¡:ot been ad.ec,¡uate1.¡r sü;d.ied..

ïntestinsj- noil.lit;r is r:ecessary for the processes of trens¡2o.r,t,

rni-'li::8, absorp'cion a¡d. excretion i¡Ì:ich iJe 'uhe chief furrc,üions of the

d.igestive tr¡:.ct' jloreover, cl--'r-strrba¡rces oÍ' notility ne.y be of
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ímportance :in a irL¡¡ai:rer of d.isorrJ.ers et'fectin¡5 the alinent*ry trest.
Íhe post-prend"ial disi;¡":ss follovin¿; ¿lastric sì_¡r.gerJ¡ is of consj.d.erir]rl.e

pr&c"i;ica} iinporta::,ce bec¿:¡¡se of tlie frecluency lrj-th r'¡hicli it occurs :-.nG

ï:ecs*,¡se of the ad.verse ef'fect it na¡. irave on ihe rrr¿iinte::a.nce of
aC-equa'be rutri.tion. 'Jire motor beh¡¿viou¡ of the s¡rall i.ntestine hes

been repor:teú 'i:o be e,bno:rn¿:-l in the d.unping syrrd.rone blrt -i;trer.e i.s

d.is:;grreenent orr the ¡:rtr:.¡e of i,he e.bncirnalitJ, ¡m,j_ its role in the

prod.trction of ;ry.1np,r;oms 
"

Changes in the rnoi.il-ii:;r of the l*r.ge iri,uestine in po-tients çith
the il.id-t¿il¡]-c coloìi s;r¡1d¡o¡,1e ir*ve been d.e:¡oi:stratcd. vith noc¡_efn

techrri-qr-res in one ¡rrevior-is sturl¡1. Iio'*ever, "¿he r,esults oi. tiris stud.y

have yet to be confirrned-n iioreover, ¡lo statisiricail conparison has

been nade of the d.íffere¡-¿ces in notility be'crieen normal subjects and.

patients iritir ,;ire iruit:ib-Le colon syr:d.rone.

Ït iç¿s therefore d.ecii_e¿ to apiil;, i;ire techrúques of ir:tralunÍnal
pressure recolriÍäg er:cl cinet'aoi-o5-;.r¡;i\l/', sepürr*tel¡i- and. toge t?rer, to ,uhe

stutl¡ of a nu¡iber of ii.spects ef intesiinaJ- i:iotility. Chief ol. these

l'¡eKj: the rarge of notor actívity of the srrr.=J-I affL the lc.rge intest:ì.ne

in no.-¡:::ral sur-rjects anc ,¿j:e efiee.l;s on r,lotj.liei of enot:ion, food- and.

Prrrstigi;rine; the behaviou¡. of ihe sr;all intesii::e in 1:e,cien.Ls after
partial gr:strectonr¡r rvith pat''i;icula¡ ¡'eÍ'e¡.enee to cÌranges in notili.i:y ciu'itrg
the úurpirg synrlro;ne; tire noto¡, ectivity of ti:e lir_rgs ir:tes,cine in
patients 'itìr the iryitabl_e eolon s;mùrone; the ¿c,r;ivit¡, og pro:rimol and.

d"istal coì on :in ¡ratie::i;s r'.'ith nj.scell-aneous organic oJ-i¡rentary ¿iso;,ûe's

r*.æ t:,*.,
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with refes'ence to the motor niechenisrn of cor:stÍpatior: and. di¿i,r=.hoee;

and' fina11y, the cor¡'elation of intrarrurínal pressure tracir6s r¡itÌr the
appeara^nces of tho i¡¡testine at einerad.iogrephy.

rn tl:e .orosen't investiðation ch¿rn6cs in intr¿h¡::in:J pressi;.re r.rere

recordccl ruairrly vrith open end-ed. s¡ùi¡æ f.llled. catheters corur.ec.i;cd. to
pressure tra¡rs,xucers. rn e snall rrur¿ber of e:çeri:aents the rad.io-
tele¡ie'Lering capsule rYas used. to recorr] intralu¡:rineil ¡;ressuï.es. üiæ-
rad'iographic stud.ie,s !îere cerrj-ed. out using closed. circuit televisio¡:
ima¿;e i*iensifåceti-on, 'rhe pressu¡e tr-¿cinss Ï¡ere subjecteû to
qual-itative it:spection. ïn adaition qua^ir'citatÍve analysis ras.pezformecl

by measuz'ing the s:n¡rlitud.e er:c1 d.uration of each pressure v¡ave anrl

calculat:lng the fo11o'rin6 parane-bers of n:otility: the percen.bage nrotor
activity, ihe motility irrlex, the raeán r.raplitr:rJ.e oÍ'the Ì./&ves, the nean

durati'on of' the '!îaves and. the d.ist¡-ibution oÍ' the v.cves on the basis of
zunpli'ctrd'e &¡d' d.ur¿ti-o¡1. 'l'he cine fil-ns riere eï]:ìlysed. 'by correlatirg
the rad.iogrephic e;rpean'ances of tire intestine r¡ith i;he pï,essure war¡es of
the manor*etric record,

lntestÍneJ- motilåty rvas j.nvestigated in 111+ studies penforrred_ on
eighty-rr-ine subjects. The resting petterrr of ;¡loti}ifu, ¿¡¿ the effec,cs
of foocl a¡:c1 Frosti¡¡iritre on the snal1 i.¡rtestine :ïexe recorôecl in non-cal

subjects, in patients l¡ith end. ï.ithcut tÌre riunpiig s},fflrrcne a^fte:"

partíel gastrectom¡¡ and. in pati.en'cs r,¡ith niscellaneous ali.nentary
d'isord'ers' The noto:' activity Ín tl:e resting large intesti¡re anrL the
effects oir motility of emotion, food. and Prostigiai.ne 1?ere s{,uclied. in a
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control group, ín a gx'oup of patí.enis rzj.th tire iruitabl.e colon s,ynôrone

anrl in e ü:j-sce-Llsneous group of patients ',?i-'Lh orgenj-o ûisord.ers ¿fîect-
irg the alirnenis"rxr t::ac'b. rn a.d.d"ition, tì.ie effect of !-h;rdroxy-
try¡itun5-:re on tÌre 1*¡5e iniestine ¡i'as investip;ated. in e fer¿ control

sub j ec'cs.

The p::esent investigaiion shor¡ecl thet in ,che con-Lrol group there

r¡as cor:siC.er¿'blc v¿rj-etion in the activity of cJ-osely aclja.cent se¿gire:rts

both i:r'ul¡e sraall in'cestine a¡:a the l.rge in,¿estine. there 1îåË .oore

activi'uy in the pror:i:ne;1 thar::ln the d.istal se¡geents oí'the intes.bi¡ie.

tr'urtiier';lcrre, there ças often ¿ r¡:,.r'ked. va:'ia.l;-'lon j-n no,cility betveen

d"ifferent subjects. Iio'r;ever, ivhen prolon6erL or rel:ear.ted. str-rd.ies lîel-e

meÀe in the se.,re subject there rlas â rea.sonable d.egree of reproc}.rcibiJ-ity"

T¡pe I a::d- t¡,pe ÏII r'ltaves lyere recognísed, :in pressure tre.cj-ngs fror,r the

snal1 intestine and. r¡¿ives of t;çes I, IT anrl ïïI in:.eco¡d"ings Í"rog the

Ie,r¿;e intestirre. T;rpe rv r*aves were not obse¡ved. co¡.::elation of
the rnclo:iletric reco¡:C.s ar.d. the ci¡¡e filns fron tile snall Íntesiine

that
shotæd"7'botil type I arui 'b¡rpe IIT iïaves iraci irropulsive function: thus

fonra¡d tra.nspor'{; of tire contents of the ir:tes,r;ine coirlcÌ not be

attrijruted. solely to iveves of ';ype rrr. l,,or-eover, the pro¿ressive

d'eley in the aFpeirrånce of a wave in the leacis of the pressure recorrJ.

d'iri- not necessas'ily J-r:c1ic*,'ce pro¡;irlsion as to ¡u:d. fro ¡¡oveülent of gre

bariun contrast ned.itun t'¡e-s eJso observed. vith this t¡4te of ac,civit;¡o

rn ths nor:lal cori'çrols prostignine, but not foocl, enhanced. the

niotility of the snetl i.niestirç. iTith regrird. to tìte la:,6e intestine,
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eìrotion, food. and. Frostignine aIl- aúgeentert ilre motor activity. rn a

snall nunber of experine:rts, !-ìi;'drox,;rtz3,ptæine recluced" or abolj.shed.

the notílíty of thé ciste^l li'rge intestine bui augnrenteci. the activity
of the proximal colon.

rn the peiti,ents ef'r;er putj-al gastrec.bony tho pressuxe .traci.ngs

fron the sma.l"l intestine irere clualitetively sir¡ila¿" to those obtp.ined.

fronr the corrtrol subjeets. iïouever, c¿ua:rtÍtative ana-1ysis ¡.evea.l-eù a

number of d.ifferpnces!

ri'he i:atien*i;s rvl:o had. und.er8one .gsstric surger,¡r

generally had ress activity in i;rre proxi-rnal rescl flran

in the nore clistal. leed.s;

he petients wlth the åunping synd.rorne had. a

sigirificu.ntl;' Ì:igher ¡'esting level of activity than

the control s,-rbjects;

the early response to food ïias one of reûuced.

notility in those pai;iei:ts in r¡hom attecr;s of ,d.urirpin¡¡rr

ïfer.e trrrovoked;

As the s¡nrptons of frclurnpingrr abated., tire *otility
ínc¡eased- to levels above ilrose of the resting phase;

By cont:."ast the ea*-ly response to food. i,¡as increassd

motor activÍ.ty of' the sr:all inteetj_ne in patj.ents in rvho¡n

the star:ôa¡d. meal ùid. 'ot ind.uce d.isegreeable s¡,r,nptoms;

iloth 6r'ou"os of pa'cie'Ls ¿d'ter gastrectomy Ìr:rd. a

nnore roa¡"ked. late response to food. than ri.id. the eontrol
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subiects and. th.e d"ifl-erence ìretl'.'een ';he patiel:Lts r¡itl:out

the duÌrping sylïlroae and. 'tù.e control groirp lras stíIitistically

signíficanL; l

Prostigrnine enhanced. r¿o,ci1ity both in the contr-oI

su'bjects and. in tire pc.tíents ef.í;er gastï"ic surgery 
"

Ït was consicle¡'ed. that the h¡'ponotility of the sinall ii:testine

ob¿re:r¡ed d.urirç ind.uced. a'utacks of trdu:i:pingil tvas: ¡iot the o.)t-ise of iire

s;nn.uions but r*ther an €¿ccori:panying pher:ronenon. Iioü,ever, it is

1il:eì.y th¿t the ¡notor bei:aviour of the s.:iall- inte stj-ne d.ur.ing irrovoked.

ette.cl¡s of rrd.ilnping'r noul 11 er:henee the inf'lu..r of fluid. 'into ,uhe ]urnen

of' tl:e intestine and thus contribuie to tlre severit;- of ilre vo.so¡¿otor

s;n'çtons. lhe Ínereased noti15.ty vhich constitr.rtect fire late

T€si)or:se to food. in both Sroups of patients *fter gastreetcjii", î¡c.s

consid.er.ed. to be d.ire io rapid. enptying of the gastric rennar¡t.

Ïhe pi:essure tracings frcm tl:e le.rge intestine of peiients ',rith ,che

iÎrj,'r.*àle col-on synd.rone uere gualitatively sini-r..eir to tri-ici:rgs from

no¡"::r¡.1- subjects, iÌonever, there ,,rer.e quarltit¿¿tive d.ifferences:

Fatients ','¡ith the spastic colon ha.d. signific;rntly

hi6i:er levels of notility than patien'i;s nith funct:ional

ilianrhoea d.uri.r:g rall phases of the e,*çeri:nent;

Patients s'ith ,r;he sp:r.stic colon h:ci a r¿ore s.c,¡Íve

resting pattern of ¡:iotili'l;y tiran crid the control subjects;

3y contrirst, C.riring ihe resti'g pirase pa.bients r.rith

funci;ion:l cli¿rrLroe¿r. Ìrad- significar:tly less rnoto:: eiciivity

. -Æ]**:d.
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than d.íd. the controL subjects;

The enrotive interview enh.qnced. notility both ii:
{:he control subjects ar:c1 in the patients witir the

irrdtable colon synd.r"onte;

lnrthernore, a ll::.r-iæd. T,esporìse of üre colon rîas r¡o

more conno:r in ilre petier:ts with the irr.itable colon

s],Ïdrome than Ín tire nonnal controls;

tr'ood augnented :rotility ir: all groups of subjects;

holrever, emongst the paiients v¡iti: ,che lrui.Lable colon

s¡mdrone the*e r¡es ¡io close cor¿"elatÍoir Ì¡etr.¡een

. íntoler¡r.nee to any of' flre ingreùients of the stand_erd.

¡¡eal arrd. tlie notor response of tire colon;

P:'octÍgnii:e sigr:ificantly er:heneed raotor :rctiviiy
in all study g¡.oups;

üorapan'ed. to the coi:trol subjects, patier:ts ,,rith the

spastic eolon ired. a ¡nore rusz'lred. response to ProstigtüÍ-ne

and. patients wi.th functi-onal diamj:oea hå¿ a less ¡nerked"

response,

catheter studies performecl on patíents v¡1th d.ieruhoea d.ue to
orge-r:ic a'lírnentary d-i.sease shor'red. that in tliese patierrts the motor

activÍty of tl:e colon vas in all respects sirail.q.r to that of paì;ients

nith Íl¡netj.onsJ- d.ía¡'r.hoea. fn parti-cular, a ne:.ked. no.lor Ì,eslonËe

of tl:e colon to the enotive intervien uas equslly corulon in boili

S].ol¡ps. Ït uas titerefore felt iircrt in the imítable colon s¡rn,.lrone

:'-,rç+¡tnr¡r,*.,, nr*,
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emotionel stress ple¡ecL a role nhich rrå,s nore often contributon' '¿han

causative.

The r"esults of a limited. r:u..laì:er of síiLlultarleous record.ings fron

the pro::in¡il and. distrå 1ar6e j.¡riestine suggested. tl:e transport of 'ui:e

contents of the colon ís attribt¡ta'i:l-e to a pressure graåient. fhis

grad"ierit rrr-rs reversible in the co¡rtrol subjects, consistei:tly ciirectecl

away fron the enus in tiie paiien'L lvith constipation alrd. const an'bJy

d.irected. tci¡ard"s the anus in the patient rvith d.iarr.'hoea.

lhe¡'e eåe nânl' nslrects of iniestiru:.l r¡ioiility uhich remain to be

stud.ied. i.n íutu-re i'¿crk. It r¡oukl cJ-ear'Iy be desirable to investi;ate

Í\.¡rther.'che noior activi-ty of the sneJ.1 j"ntestine in normal subjecr;s

and. in pc.'Lients mith C"iar¿hoee. îhe effect of ðrugs knori'n to ei:ìr.r.nce

notiliiy could. be assessed. experinientally ¿rruL clinically ii: paticn.ts

trith the d"u;rpi::g synrlrone fo].1or¡rn3 pcrtiel gastrectomy. üitir rcg*.cl

to the large intestine, Ílrther r¡orlç should. be und,er.teken io co:rfi¡:l or

ref\¡te the i-nportr.nce of a pressu:'e gradieat in the ¡:rechanisn of

constípation and. oie,nhoea. The effect of l-hydrox;-tr;rStanj-ne on tire

activity of the Ie,:'ge intestine d.eseflres fb.r'the:. stud.;r. i.oreover, the

possibility of a rel*.tíonshåp bet¡¡ee:r internrittently excessive p:'oårrctior:

of this substc$ce e::d. the i¡'riia.ble colon s;nrêro:ee should. be investigated..

ï'inal.ly, nn *q:e::'irnêntel- end. clinicel- evaluc,tion of àrugs uiúch antcgorúse

the action of !-h;'croxytr;çte:nine could. 1ee"d to ed.vences in the 'cI'eetinent

of this d.isorder whicir continues to preser:t a d.iagnostic and. tÌ:er.-cpeutio

problem.

's:zrr!. f,1 _ai ¡
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Dato

Ifaas

.ådd¡ss¡

Prlvate dlootor
Iioepf.taL unú.t

@

Appenå,Íx Å
%

DffiAHrJdE}N OT¡

IIE$rINAL üCrIIITIIY

U.8.

etmxcINE

ÂEOOID SITþHI

lo

sex !r F (A)
Fl¡¡¡r¡s

Occupatlon

Xf" Dtagnosis a¡it ConclusLon

Gontæol (¡) gtatE cordftf.on
Postgasbootsny (C) State opor*tf.on

va6otoqy

Pr¡¡otior¡al. å,ttmontar¡r Disoïlots (l)
paån (s)
Dla,¡*booa (f )
Corrstlpatioa (e)

Orgarul6 ÁItnontax¡r Díeo$Lers (U)
Duod,eÐâ.L t[Lcer (¡ )
Illceratíve Colltts (¡)

. Ualabscrptloa ,Synårøe (tt)
Dive¡ticulosls (l)
Pootoperatd.vs G¡¡t (U)

Goneral Meûical Disodere (ÅÍc)

State eont¿tÍ.on

:,.:
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P¿sflorn¡a (¡¡)

Beeor{ång *echnÍguo:

nøber

IIf. Strrdnès Pe¿fo¡raetl

tuall bowol (o) Earge bowal (p)
cathato¡rs (ç ) intorna.L cl,iaaeter

].ocatl.on
reåio BfL1 (n) nooor&fug fræ to
translt tf¡re

Ordler of experinontsr

tsetlng pattern (S) tine
üoal (f) eoopoaåtlon

&otúoas (U) oeoupation, aabåtfon, incono, elrS.lilhooil,
fanåly l1fe, ss:ß llfe, fear of dåseese

Pr.ootågmåne (V) cloae onsst before actlvity
side effecte

' Otl¡or exBertments (g) apectf¡r

Ctnerad.lograBhy (X)

Speciff e4penimoutal per.i.ocl.sr Filrn speetl.

Cc'æuente¡

Comeats on studies¡

llLstory

Pneaentång e¡ruptæ (note qual.Lty, d¡¡ratåon, relation to pregnaræy,
enoff.on, food., ots. )

åbdomina3. pa;in (U)
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Constlpatåon (Z)

DLa¿æÌrooa (")

tooil intorerer¡oe (e) ui3,k, tonetoes, e&gst flsb, oalona, a6rpl"es,
oebbage, ohoeolate, øremanbor

Relleving factors
laxatLvo hebltE¡ I{o Tes (¿) &¡rafi.on

f¡¡egueÐcy

agent anil close

effocts (?totenance)

fiafght . Chsrrse

Appetlto
Dl.et

Àloohol
Dn¡gs (o) robaocs

Poetgastrectomy s¡naptoue

Dunptng É¡nßû,¡onùe (") (nrffa, noilerate, aevere)
State sSrnptonsr

P¿.locipitati r4g f actors :
I'ato posþraad,taL r¡md^noue (i )
Bfllous vonltirg (e)
0eeopha6ea"l ¡ef1u¡ (l)

Pa"st lllstozy

Geæral mei*fcar i.llrsss - d.iagnogls, iluratlon, tnaahent
Ê.I. operatl.ons (t¡.) sBeolfy t¡6n

vagotoa¡r

tlæs f.nterraL
i.dåcatl.on

Faatly hiator'¡r of G*I" åll¡:ees or dysfrrne$.on:
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Speotal Inve stigations

Eaenogloblnl Occu-lt blooil.r

Ba*{u¡¡ sea3.:

Ba¡"i.¡m eræua3

Signoiil,oscopys

Bíopsy ad" other relevant ínvestigau.orsr

fotaL tLne of Lnt¡¡b¿tioa¡
Îl^ue of f.nb¡bation fl¡sn nouth to sna.Ll intestl.rio¡
lotal tine of record.S.ngr

7. Dl.gtrtbutton of .Àetlvlty l.n DLlPferont

leads During Elqreninental Pezåodlg

BeEt &otá.on t{eal ProstiexLtrÞ Ot}rers

Recor{.ed. tLne mir¡s.

Âct5.vlty leaå I nlns. (É)

Leað fI riog. (Ø)

loadt III ¡d.us. @)

Meen *ädtyt&#II3I **. (É)

lead. I
Hottllty indlex 

'eaô 
ï[

I¿OgfL III

lnoan noråltty r**[ÃtFI

-?erEFryWr,l 
.- :-, a%FÌg?.æ.f 4:? * ETryF:!9AjE:r]_. -1
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2. Åfean .ånp11hrðe and' Mean Ðuætioa of the Intralr¡¡¡fnal savee Durl.ng

the &i.ffereut Phases of, tås Er¡ree{.nenü*

Sest &otlon ![eal prostågntæ Other

ren8g

aean

"A¡rpllü¡ds (*" ¡¡e. )

Duratfon (seo.) raasÐ

!ûg4n

No" raveo/ud.t tf¡¡o rangÐ

&ga,D

Rþtimfotty Yes l{o

crhe vatruee for e¿ch Lead' arldl' thq ne&¡û for the threo loqd.g re¡re calculeteil eepanateþ
fo¡r the iH.fiPerest phasee of tbE ex¡lerllcent.
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3. Dtstrbutlon of Íaree oa.Anplltnc[o-Dr¡retlon Baairr

Duratåon(sao.) o-5 6-'!o 11 -15 16-50 ,1 -60 61 -1zo 15f -:too >

Pt¡asa

.ô@IfUÐg (æn"Bg. )
e-5
6-1O

Ii -li
t6-n
21 -25
ZG-j0

,1 -15

fi-w
l+1 - I+5

16 -5a
51 -5'

i
(

t
i'
Ê

r
r
I

&
t
t'

r

É
È

þ
I
i
i
i'

h
r
f
ll

I
lr

I

i.

Él

Ë
Ë

ß
f,r'

!:.

I

r-

'Ths va'Iu€s fot eaoh lead, ord tbe BEen for thE tb¡ee l"eafu wrne oaloulateð separetol¡r

for übE dllffeleat Bheaea of, the ex¡nrl.uent.
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tt Distråbutlon of ffiavas on the Baeis of Duratd'orlr

&¡ratl.on (see. ) o-20 21-W >

No. waveg per hour

*ts-lcrrlatedl separately for the dllf,feroat phesEs of the

e:ryexd.nent.

5" DLgt¡dbutlon of Eavea on the Baole of Anplitudc*

.ånplltutu (nn. Hg. ) O-lO 11 -29 >

No. waveg pêr hour

+CsSou1ateil seperateLy fon tbe ôffferent phaseg of the

experl,nent,
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6. Peroenta6e Increase (+) or Dscrease (-) r" Acüivtty

Dur-in6 Varioug Pheses of, &cperd.nent conpa^neit rith Roatf.n6 Patterd

&otlon $eaL Proottgnrlre Others

Âctivf.ty leail I

leaiL m

leaå IIf

f¿ea¡lf+If+fII

'FBasecl ou conparleon of uou.ltty Lr¡liceg.

r-".ËiaÊj¡T
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uæs ffiêåcs' tteruå@

_u¡rif, ns.
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I Colltno, J.
2 fams¡, 4.
3 Has¡aereteån¡ &.
t¡ Eenol.d,, S.

5 Howal{., Ìf"
6 OæfæLcsuk, I.
7 Ïfbenan, A.

3, Asbr K"

% Braco, D.

îf Bræley" Åf.

,8 Carson, Ir.
39 Orf,spia, Vo

W Dunn, M.

41 Sðward"s" H.

W HeBburn, A.
l+3 l[llml., I;.
,*lr .Iosophs, K.

&r5 ldel,teteh, $"
I$ Fritcharrd., t.
lb7 llleha¿dsoâr J.

*¿lbb¡¡eviations I

s
s

$

$

s

I
c

û

ï,
T¡

L

l
It

IJ

I¿

T¿

ï¡

T

T¿

L

ca,

Ic
ç

ï¡C
bc

c

ï¡rtaLa
16W5162

ïata1a
ïetata
ïataLe
13503/62

lataLa
Yatala
latal.a
22882/62

Yatale
2X,56/62

ïatala
of09e9

YatEla
01ff¿lr

ïatale
ïetale
ïatale
19t8r/62

R0

c

n

c8,
B

:

)

¡
¿

c

S = catbete¡r st¿*ies of the ens"ll ånteetíne
I¡ æ eatlrEter sh¡dies of the l"argo lnteetå¡tê
C = ciry¡radiogrn¡rhry

R = rarlåoteLæeterir€

--. - --<t-æ"4et-.,!,]ir
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rge

165t+5/62

ïatata
Yata.l"e

ïetala
ïata3a

¡¿8 Steeea.''e u J*
¡é,9 TIileonu J,

50 l9a:l.ght, IS.,

5t latesn &"

53, Teing, Ë*

I,

IJ

ïr

t8,
LC

'- -.â.r_:- 
-¡1.i-\!. -,.
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rx. eeg

I{qe

I Franels, 0n

I Hartf,nn ll.8
TO Sper*uu F.*
'|1 BaLL, Ð.

12 BaJßstt, $.*
f5 Buffet*, W.

"!¡$ Çtrild.e, E.
15 Goqrer, p.
fS Ðillon, tn*
'tV Ga]'vian p.$
18 Ee¡ren, Ho

19 $*tchåne, L.
20 &uoløor, Vo

21 OrHaì.ley¡ F.
22 Slater, II,
23 SLoan, L.
24 g¡Êlth, B.
25 Stepanovicrlf.*
26 ffest, K.

T.yBe of
%

-gEgLåt¿g
Btlåro,th I
Bt1lroth f
Blllrcth f
Pol¿'a

Pol¡ra

Pol¡ra

Polya
PoLya

Pol¡ra

PoJ.ya

Pol3ra

Polya

Pol¡ra

Polya

Pol¡ra

Polya

Polya
Polya

Polya

llme sinee
%

o¡:eretåon
%

4 years

I yesr
I ¡æars

5 Jæarg
16 yeera

6 years
15 yearg

11 ¡reaeæ

l0 ¡rears
14 years

5 ¡¡eers
llr yearg

6 yearo

I yearu
17 years

7 J¡ears

6 years

2 years
ll yoara

Hosi¡Lte]"
ærr'!#unlt no.tu-

1tí73/62

015192

25265/62

1922td62

23399162

16¿lirs/62

1571o162

26r$5/62

2566V62

223t8/62

2Na/62
2tþ1t+2/62

24522/62

w92/62
211r%/62

196a8/62

19917/62

26ofi/62
1WV62

Stuitl.es

sc
gc
sç
s

s0
sc
sc
sc
gc
sc

c

sc
sc
sc
sc
sc
sc
sc
s

fÂn attack of tldunpfnglwae 
lndr¡eed. in these patlents.

I

¡
I
t
¡
¡
I
¡
È

¡

2I
,
f,
t

)

t:,
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Xff. PatLenËg wåtb_tþ åëd.tablE colon wnat¡rong

Irlame

27 loberta, ll.û

28 ãob$rtsonr L.s

29 SnoLth, G.

53 0trçnren, M.

5r+ Fa.rllmor, J.

55 Ftrlor, Ð.

96 lla¡msto¡f, ü.*

n Euttou, J.r

58 .Iohaneen, Å.

59 Johns, E.t

60 KoLH.as, S.

6t Lar:p, E.*

6Z L¡nnbercpouloe, Â.t

63 Neeb, fl.+

64 Persons, C.

65 Rod.or, R.*

66 Secker, M.*

67 VaLeåko, E.t

Stuùles
k

SIrC

8I' C

SIrC

HoeÞltaL
urrlt no.

15595/62

ïataLa

OOBTrrf

17zfi/62

o.P.D.

O.P.D"

15rq¿sy'62

O.P.D.

o.P.D.

O.P.D.

OnPrD.

o.P.D.

0.P.D.

O.P.D.

0.P.D.

22t+38/62

o.P.D.

O,PrD.

L

ú

I¿

û

Lg
I¡

T¡

f,

T¡

ú

I
L

I¡C
L

I,a,

srhe asterleked. petLents bad, f\nctional d,la¡rhoeai the æraaluing

pôtLents hað the É¡S¡estie coLon.

"-.:|Fryir":ì
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Hosnltal.+u¡it no.

-

p Setchpool, A.

,1 tv*su, R,

t2 [oc]nroocl.¡ 8.
33 Yeale, H.

34 Bald.on, $.
68 lrenberbe lI.
69 lfcDoaal"d, t.
70 }åurd.ceh, !I,
71 Fhåte, H.

72 Ðobbln, M.

73 0ox, P.

74 Bor¡ær, S,

75 Barnleter
76 líarley, E.

n lluclson¡ E.

78 líart5.n, F.
79 !ior6an, ü.
80 Hateher, C.

Bl Hegen, f.
82 Ha,11, U.

95 olaf,oon, H.

8tr Foletti, Ç.

85 þan, C.

tß Slorp, E.
q Srmnêr, J.
88 fonlda, !["

89 BiJ.eo, L"

00go8r|

16992/62

1875h/62

15171/62

12813/62

ool¿Ég

21878/62

21866/62

18,û2/62

01w5
al253'
ü1WcP-

2rfi5/62
w7334
0.P.D.
1B\1V62

0.P.Dr

o.P,D.

Q.E.H. O.P.D.

1Wo/62
0167t&

o.P.D.
1555v62

2t4ff8/62

Q.E.ll. 026æ14.

O.P.D.

^ffi3/62

sI,c
sc
8C
SI¿C
sDc

L

I.
L

L

L

D

LR
I¡

L

L

L

Ï'
L

Ít

t
LB
L

I
I¡

L
L

I¿C
Û lhe åiagrloses ln the patã.ents in tbLe 6poup a,r,,e

. pne*enteð on pp 87 to 88 and. in Table II.

I
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Å.Jo ard. zotaeÏ* t', (19u3), "Tntubaü"on eù¡dies of the Ìnrna¡¡ saLL
inteeti¡ìa. ñG. .& netbod. for nsasuning intra-runinal pressures

ard. l"ts appriea't;ion to tire ûigeefi.ve tractrf , J. cll.nn rr¡vegt. , Æ.r zpl.
.AÀLer, HoF.¡ "Atbj-r:eon, A.J. ard. Iq¡rr.A.C. (lg+l), nA etuct¡r of, the

notllåty of tlre ku¡,":er¡ ooloni An eq:la*iatåon of åysynergta of the

colon, or of th.e¡ funet¿ble earen't, Amer. J. dJ.g, Drs"n g, 197.

.á.il.ler¡ H.F"¡ "A.tkåy.rson, A.J, and, Iv3-, A,C. (lg\A), rsupplenentarSr 
an¡tr

s¡merg:ietie actåa:: of stísula*írrg dnigs cn tl¡e notility of the
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!*, 352.
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enatl ÍnteEtåuo after Lategtinally lrSected' trypertonlc glucoæ

eolutiotæ a,rd. Lts relatåanshíp to the ôtupir:g cSrnd.roneß, åcta ehir.

ece,rd. , M, 315.
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absorptlo¡r ån d.j.ffe¡:e¡¡t pa*ts of tÌ'le cüaL1 bonel and. ttielr relation-

alrþ to p*stgastrectooy s¡,rptcms[, Á"cta cÌrir. ssatd. t 116, 222,

Áæd.rrrp, E* and' $albwd'frgensen, s. (t96e), oFlor of f1uid. fnto t'he

sccell intestine ef,ter åntral.ntestin.al Lniection of tryper{ionlc
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glueose eôlutlons as inflLuenced, by ðegree of per{.otalgfs. Effeot
of va.gotony ard. various d.:r6sÌt, .a.eta chir. sce¡d.. , J&, iii.

-À¡d.ereon, 0.liu n &lesser, Mn ¡ foyrrrr.ey, R.R" anet Frreema.n, M. (1963),
drntestinË'L ff:Graae a¡¡û. isosa.ttaee d"eficåency ín two eíblingor,
Fed.iatråcs¡ åls 1æ3.

.årjrå*ew, e. (195¡+e), ËGastr1le ard lntestins-l notlliqr süediee mith
morphlrcr atropine, hexenetho¡¡ù¡¡r Ì¡rc,mLêe el:il rbarthÍnÊr r, .Aust.

Anr¡. Hed.. a å,u }O|.

"ar:d-rcw, e" (195¿¡e), oËastric, ch:od.ene-l and. jeJuna.r notiltþ f.a nan;

physfole$Íeal stuð,iee by barloon-þ'raotrêpr¡yn, -aust. J. exp. Biol,
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