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The atudy of the function of the alimentary tract was particularly
intense during the early years of this century, The numes of Baylias,
Starling, Cannon and Pavlov first became familiar in conmection with
their studies of gastro-intestinsl physiology. Thus in the first two
decades of this century m.a..jor advances were made in the understanding
of intestinal motor function, gastric secretion and the influence of the
psyche on the functions of the digestive tract,

However, a change in research interests followed upon Einthoven's
discovery of the string galvanometer and the application to medicine of
the physical principles of gases and fluids by Haldans, Barcroft and
Starling, Physiologists tended to relinguish the gut to the surgsons
and to concentrate their efforts on the problems of cardiology,
respiratory function and metabolism, This consequently left gastro-
enterology one of the least developed specialties in umedicine, and
little new kndwledge of a fundamental nature was acquired for many yesxrs,

However, as Sir Thomas Lewis has remnarked; the most backward
subjeot is the one ready for the most rapid eadvance, In recent years,
gastro-enterology has acquired a number of valuable techniques which
have stimulated renswsd interest and accelerated progress in this
Tield. A wealth of information is being provided by radio-isotopes,
transistorised telemetering equipment for manometric atudies, X-ray
image intensification, instruments for the biopsy of the liver and
gastro-intestinal mucosa, the elecctron microscope, histochemical methods

and enzyme assays.
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The prime functions of the gastro-intestinal tract ave digestion
and sbsorption. These processes are wholly dependent on the secretion
of digestive juices and on the mixing, distribution, transport and
storage of intestinal contents, The motor activity or motility of the
alimentary tract is responsible for mixing, distribution, transport and
storage and is thus a vital part of gastro-intestinal function,

The motility of the bowel deserves careful study because of the
essential part it plays in the over-all function of the gut. Knowledge
nay be gained of the bshaviour of smooth muscle, of the integration and
coordination of intestinal motor activity by neural and humoral means,
and of the role of subatances such as acotylcholine and serotonin in
the control of normal motility. Furthermore, aberrations in motility
sre encountered in many clinical disorders: these include cardiospasa;
abdominal pain, constipation and diarrhoea without demonstrable organic
cause ("irritable colon" syndrome); diarrhoes and post-prandial
distress following gastric operations » Jejuno-ileal insufficiency;
ulcerative colitis; congenital and acquired megacolon; carcinoid
tunour with hyperserotoninaemiaj thyroid disorders; and diabetes
mellitus,

X-roy image intensification, transistorised telemetering equipment
and electronic improvements in transducer design have provided
techniques which are more accurate and physiological than those used in
the past., The aspplication of these new techniques to the study of
motility has already resulted in the acquisition of new knowledge, and
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it is to be hoped that further progress will dispel the ignorance

which still attaches to many aspects of this important part of
alimentary function.
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METHODS OF ASSESSING INTESTINAL MOTILITY
MISCELLANEOUS. INTRA-LUMINAL RADIOLOGY.
I PRESSURE RECORDING. l
I
DIRECT OBSERVATION LARGE BALLOONS FLUOROSCOPY
ALVAREZ 1914 PFUNGER 1887 GRUTZNER 1898
WEEKS 1946 ALMY 1847 CANNON 1902
ALMY 1947 MINIATURE BALLOONS
CONNELL 1969

ABDOMINAL SOUNDS

INTERNAL TRANSDUCERS

SERIAL X-RAYS

Figure 1:

CANNON 1905 KIRSH 1956
FARRAR 195§ OUIOEEY, 11850 MATTSSON 1960
|
OPEN ENDED IMAGE INTENSIFICATION,
CATHETERS FLUOROSCOPY « CINE-
ARTIFICIAL BOLUS BRODY et al 1940 RADIWLOGY
REID 1934 DAVIOSON 19566 LILJEDAHL 1958
TRUELOVE 1961 WALLENSTEN 1989
KEWENTER 1962 HEDENSTEDT 1961
|
EMSE. RADIO PILLS
MILTON 1966 MACK AY JACOBSON 'S7
HOLADAY 1958 FARRAR 1957
DANIEL 1989 HOROWITZ 1962
WATSON 1962

Sumnary of methods of assessing intestinal motility.
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The motor activity of the human intestine in health and disesse
has been investigated by a mumber of techniques (Figure 1 )e These
and the results they have provided will be reviewed in this chapter
under the following headings:

1. Balloon Studies: introduction
(a) small bowel
(b) 1large bowel
2. Catheter Studies
(a) small bowel
(b) large bowel
3 Gastro-intestinal radiotelemetering
4. Radiology
5. Electromyography
6. Miscellansous

7. Coumentary

Balloon Studies: Introduction

As early as 1869, Legros and Onimus used balloons to record
fluctuations in intestinal pressure in animals, They described three
types of motor activity: peristalsis » antiperistalsis and stationary
contractions, and noted that motor activity was more marked in the
small bowsl than in the large bowel. von Pfungen in 1887 first used
the balloon method to study gastric contractions in humans,

For the next 50 years the balloon remained the chief method fox

recording intestinal pressures, anl much of our basic knowledge of
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motility has been geined through its use. However, it gradually
became apparent that the balloon system had considerable physical and
physiological disadvantages. These disadvantages have been extensively
discussed by Quigley and Brody, 1950, 1952; Code, Hightowsr and
Morlock, 1952; and Chsudhary and Truelove, 1961a. Balloons in the
alimentary tract can act as foreign bodies and initiate motor activity
by direct stimuletion ox"l the intestinal mucosa. If aufficiently large,
balloons may interfere with propulsion of the contents of the bowel and
thus cause intestinal obstruction. In both instances, induced rather
than spontanscus motility will be recorded.

Equally important are the physical characteristics of the balloon:
the pressure registered from a large balloon represents the elgebraic
sum of all the pressures exerted on its surface rather than the
Pressure at any oms perticular site.

Apart from the size of a balloon, its shape and degres of £illing
&3 well as the outflow resistance in the connecting tubing, influence
the acouracy of recording. Finally, the volume-pressure coefficient
of the system, that is, the degree of displacement of the conducting
nedium needed to "drive™ the manometer to register one unit of pressure
will detexrmins the range and sensitivity of the recording apparatus.

The pressure wave patterns from the bowel were mentioned in pursly
descriptive terms until Templeton and Lawson (1931) first classified the
waves of the dog's colon into types I, II and "tomus changes", This

classification was adapted by Adler, Atkinson and Ivy (1941) for the
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study of colonic notility in man, the waves being referred to as types
I, IT end III respectively, Later Posey, Dearing, Sauer, Bargen and
Code (1948) used this nomenclature in studies of the motility of tﬁe
smell intestine.

The appearance, amplitude and duration of a pressure wave are the
oriteria which have been used to assign it to a particular category.
Whether they occur in the small or large bowel, type I waves are simple
and monophasic, In the small bowel their emplitude is from 3 to 30 ¢m.
of water and their duration from 2.6 to 7,5 seconds (Foulk » Code,
Morlock and Bargen, 1954), the corresponding figures for the colon
being less than 10 cm, of water ani 5 to 12 seconds (Spriggs s Code,
Bargen, Curtiss end Hightowor, 1951 ).

Type II waves are also usually simple but of a greater amplitude
than waves of type I, In the small bowel they have not been recognised
by some workers (Foulk et alii, 1954), although others have roported
their duration as 30 to 90 seconds. (Posey et alii, 1948), In the
colon they are common, lasting from 12 to 60 seconds and reaching
amplitudes of up to 50 cm. of water (Spriggs et alii, 1951),

The distinguishing feature of type III waves is a "tomus change"
or increase in baseline pressure; upon this waves of type I and II
are superimposed., The duration of the toms change may range from &
few seconds to mimites and the emplitude from less than 10 cm, of water
in the colon to 30 or 40 au. of water in the small bowel (Code,
Hightower and Morlock, 1952).

In addition to the three types of waves which constitute the

i—
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"standard nomenclature® type ‘IV waves, presumably peculiar to ulcerative
colitis; have been dsscribed in motility tracings both from the small
bowel (Code, Rogers, Schlegel, Hightower and Bargen, 1957) and the large
bowel (Kern, Almy, Abbot and Bogdonoff, 1951). They will be further
discussed in connection with studies of motility in this disease
(sections 1a and 1b of this Chapter).

Amongst those workers who still conform to the standard nomenclature
(Kim and Barbero » 1963) most have added their own modifications, and the
criteria for including a wave in a particular category are widely
divergent. The differentiation between waves of types I and II on the
basis of the supposedly greater amplitude of the latter, has been
largely abandoned., In view of the inaccuraecy inherent in recording
emplitude with balloons, this measure is prebably justified (Da,niel,
Sutherlard and Bogoch, 1959 ).

Balloons still contimue to be used in studies of gastrointestinal
motility. With the understanding of the physical principles involved
came technical improvements leading to better equipment_ and greater
aceuracy.  Connell (1959, 1961a, b) employing ministure balloons
measuring 10 x 7 mm,, obtained good records of colonic motility. He
showed that virtually identical tracings resulted when miniature balloons
and open ended catheters recorded simultansously from the same segnent of
the large bowel, and made a Plea for retaining miniature balloons as a
veluable and insxpensive tool in research, Nevertheless, most workers

agree with Chaudhary and Truelove ( 1961a) that neither the balloon
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water menometer nor the baslloon opticel manometer device can produce

results accurate enough to merit quantitative anelysis,

1a. Balloon Studies of the Smell Bowel

Studies of the motility of the smsll intestine in man by means of
balloons are of comparatively recent origin, Ingelfinger and Moss
(1943) studied two patients with jejuno-ileal insufficiently; ons with
tropicel sprue and the other with idiopathic steatorrhoea. In both
patients the only spontanecus activity was of the "small wave" type,
correspording to type I of the standard nomenclature, No spontansous
"lerge waves" were seen, but in spite of this, transport of the ballcon
along the gut was reported to have been only slightly slower than in
normal subjects,

Ingelfinger and Moss (1943) also tested the effect of various drugs
on the intestinal motility of their patients with sprue, and found that
although acetyl beta methylcholine (Mecholyl) ceoused & temporexy refurn
to normal small bowel activity, Prostigmine had only a slight effect.
Both of these drugs stimulate structures immervated by cholirergic
nerves, so that normally the motility of the gut is enhanced., From
this they inferred that in sprue there was an inability of the intestiral
autonomic nervous system to liberate acetylcholine. They further stated
that although treatment with a multi-vitemin preparation effected no
change in motility, the administration of liver extroct parenterally

caused the return of “large waves", However, it is doubtful that the
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relationship between treatment with the liver extract and the return of
normal bowel motility was a causel one, Furthermore, the authors used
only one balloon and mede no quantitative analysis of the records they
obtained.

Chepuen and Palazzo (1949) were the first to attempt a correlation
of intraluminal pressure tracings with radiologically observed motility.
They used a four-lumen tube with two balloons in the duoderum and two
balloons in the upper ileum to register pressure changes. They also
aettempted to obtain a mumerical estimate of motility by polar planimetxy
of the surface area beneath the waves.

Chapman and Palazzo (1949) described three kinds of wave patterns:

(a) & non-propulsive pattern of repeated single waves
(type I of previous authors)

(b) propulsive tall complex weves lasting more then 2
mirutes (probably type ITI of previocus euthors)

(¢) “spasms", defined as beseline elevations with super-
imposed frequent small contrections. The duretion
and amplitude of these spesms were not stgted.

In 45 observations on 7 subjects, balloon kymography and fluoro-
8copy were combined. Movement of the barium contrast medium was
neerly always associated with a high sustained wave though occasionally
no movement occurred. However, these "high, sustained waves" were not
described in detail and the reader is left in doubt as to their
kymogrephic appearance, Furthermore, none of the so-called "propulsive

weves"” with a duration of more than 2 mimtes cccurred during fluoroscopy,
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and thus their designation as propulsive lacks radiologiocal confimation,

Polar planimetry of two to four tré.cings made simultaneously from
the upper small bowel was also used by Chepman and his co-workers in a
rumber of later investigations, most of which were concernsd with the
action of different drugs and placebos on motility,

In 1950 Chapman, Rowlands, Taylor and Jonss fourd that prlacebos
decreased both propulsive and total small bowel motility, although the
effect did not appear for 40 to 210 mimutes. It is possible that the
mere presence of the balloon system in the intestine might have
accounted for this decrease in ectivity, as no control group wes studied.

Rowlands, Chepman, Taylor and Jones (1950a) studied the effeot of
aemprotropine (Syntropan) and adiphenine (Tresentin) in normal persons
and were unsble to demonstrate any effect on motility, Both of these
drugs inhibit structures innervated by post-ganglionic cholinergic
nerves. They also showed that morphine decreased propulsive
ocontractions end caused the appearance of repeated sudden spesms of 8
to 60 mimites' duration (Rowlands, Chapman, Taylor and Jornes, 1950b),
This effect of morphine has been confirmed by many workers, anongst them
Andrew (1952;3.) in Australia, Placebo also caused spasns but these were
of shorter duration (Rowlands et alii, 1951b).

Furthermore, Chepman, French, Hoffman and Jones (1952) demonstrated
that methantheline (Banthine ) and atropine which block the effects of
acetylcholine reduced propulsive and non-propulsive motility. Again,

Placebos had the same effect but to a lesser extent. The validity

i e T T .



of these studies can be questioned because of the possible influence
of the recording eguipment yitself’ on motility, and because of the lack
of a control group or phase in the various pharmacological experiments,
Nevertheless, quantitative and objective measurements sre a pre-
requisite for statistical analysis, and their introduction by Chapman
and his colleagues constituted a sigmificant advance in the field of
motility.

Foulk et alii (1954) used single balloons in a study of 21 normal
subjects, 5 patients with duodenal ulcer and 5 patients with ulcerative
colitis., They found that 75 to 80% of all waves belonged to type I.
Tho rest of the waves were classified as type III waves s and these
were reduced in the patients with ulcerative colitis.

Type IV waves were first described in tracings from the amall
bowel by Code et alii (1957). These investigators introduced
tandem balloons through the ileal stomas of two patients with
Ulcerative colitis., The type IV wave waes described sas beginning
as & type III wave, but being distinguished from it because it had
no superimposed type I contractions, The emplitude of type IV
waves was between 27 and 30 cm, of water and the duration was approx=
imately 60 seconds, Type IV waves accounted for § to 12% of all motor
activity, The type IV wave was more frequent after a meal and after
Prostigmim, but was abolished by morphine and atropine, It was
considered propulsive though not solely responsible for propulsion,

However, type IV waves have been considered by some workers to be arte-
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rects (Daniel et alii, 1959) although they have been recognised in later
work utilising open ended catheters (Davidson, Sleisenger, Almy and
Levine, 1956a; Chaudhary end Truelove, 1961h).

A ramber of studies with balloons have been made with the purpose
of correlating the absorption of verious test substances with the degree
of motor activiity of the small bowel, Cummins and Almy (1953) showed
that the absorption of glucose and methionine was enhanced by stimulating
the smell gut with physostigmine, and Higgins, Code and Orvis (1956)
demonstrated that the abscorption of labelled sodium and labelled watex
was impaired by decreasing motility with drugs. In both of these
studies the same balloon thet was used to occlude the small bowel was
used to record its motility, and it is questionsble whether an accurate
record of motility can be geined with this technique,

Balloons have alsc been used to assess the effect of surgexy on the
autonomic nervous system. Bingham, Ingelfinger and Smithwick (1950)
found a reduction in the frequency of propulsive waves in 13 of 15
patients studied 3 months after sympathectomy. However, when four of
the patients were studied again at a longer intervel after the operation,
they all had a level of motility which was greater than that cobserved
before surgery. The authors concluded that pre-ganglionic sympathectomy
was not followed by a lasting alteration in bowel motility, and they
considered that the decrease in motility found in the early post-
operative period was not necessarily related to the sympathectomy becsuse

& similar decrease was observed following other abdominal operations.
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Roth end Beams (1959) found that vagotomy did not significantly
affect small bowel motility, though waves of type II wers reduced in
mumber,

Other studies in which balloons werse used are those of Helm, Krener,
McDonold and Ingelfinger (1948) and Bachrach, Brody and Drury (1951).
Helm end his associates {1948) observed that spontansous sleep was
followed by a clear-cut reduction of motility in 12 of the 16 persons
studied, The change occurred 1 to 5 mimutes after the onset of slaep
and on awakening a gradual return to activity took place.

Buchrach et alii (1951) and Bachrach, Rowen, Halsted, Schapiro,
Holmstrbm and Price (1954) described a recording system in which tandem
balloons were connected to pressure transducers. Other methodological

studies are those of Hightower, Code and Maher (1949) and Andrew (1954b ).

1b.  Balloon Studies of the Liarge Bowsl

In many studies of the motility of the large bowel, balloons have
been used to complement direct observation (Almy, Kern and Tulin, 1949a;
Almy, Hinkle, Berle and Kern, 1949b; Wener and Polonsky, 1950; Wener,
Morton and Polonsky, 1952). Adler, Atkinson and Ivy (1941 ) were the
first to make a systematic study of the motor activity of the human
colon. They used balloons connected to = water mancueter and, adopting
the nomenclature of Templeton and Lawson (1931) separated the waves into
types I, IT and III. ‘Their initial paper was concernsd with the
pattorns of motility during fasting and after meals. In subsequent

work (Adler, Atkinson and Ivy, 1942; Atkinson, Adler and Ivy, 1943)
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they inveatigated the action of various drugs such as posterior pituitaxry
extract, prostignine and ergot, and introduced the concept of dyskinecsia
of the colon. Dyskinesia or dyssynergia was defined as inco-ordinated
activity of adjoining colonic segments. Adler and his colleagues
(Adler et alii, 1941 » 1942) postulated that no propulsion of gut contents
would result if one segment of the bowel exhibited propulsive activity
at the time when its distal neighbour was in a state of non-propulsive
activity or increased tone. They believed therefore that dyskinesia
could cause constipation, and if the piwessure gradient were sufficiently
high, ebdominal pain,

~ However, Adler et alii (1941, 1942) produced no experimental
evidence in support of dyskinesia. They did, however, designate type:
I and IT waves as propulsive waves on the basis of expulsion of faecces
or the recording balloons through the colonic stomas during the
recording of these wave forms. Becauss of the obstructing nature of
balloons, such conclusions may not be warranted.

It should be noted that considersble doubt still exists as to
whether the function of a wave can be inferrsd from its kymographic
appearance (Code et alii, 1952; Connell, 196%),

Posey, Dearing, Sauer, Bargen and Cods (1948) like Adler et alii,
(1941, 1942) chose patients with colonic stomes for their experiments,
but replaced the water manometer by the more sensitive optical manometer.
They supported the propulsive function assigned to type II and type III

waves by Adler et alii (1941, 1942) end restated this opinion in a later




Fr= LSS e L i FPREE TR L IESEREE S NTER i s Cridi T e i s S s TR L 5 S PN, o i kL &

B L

15

comnuniocation (Posey and Bargen, 1951). According to Posey and Bargen
(1951) the motility patterns recorded from closely sdjacent levels of
the colon were of'ten quite dissimilar; this suggested that the
intestine was composed of "“functional segments"., Each segment worked
as & separate unit: generally out of phase, but at times coordinated
with its neighbours,

This autonomy of closely adjacent parts of the bowel was observed
by earlier investigators (Atkinson et alii, 1943) and has been confirmed
in more recent work (Connell, 1959; Chaudhary and Truelove, 1961b).

To assess the length of the functional segment, Posey and Bargen (1951)
varied the distance between the balloons, They found that when two
balloons in the colon were 4 cm. apart the recorded wave patterns were
similar in both tracings, whereas an intexr-balloon distance of 7 cm.
resulted in independent activity. Posey and Bargen (1951) therefore
concluded that the functional segment of the large bowel measured
between 5 cm, and 7 cm.; the corresponding figure for the ileum was
estimated at 4 cm.

Posey and Bargen (1951) did not observe relaxation in ons segment
of' the colon coinciding with waves of a propulsive type in its proximal
neighbour, and therefore postulated that transport of intestinal
contents required coordinated propulsive activity in two adjacent
segments. Complete intersegmentel coordination at all times was seen
in three patients with ulcexrative colitis. If transport was dependent

on coordinated activity, it would be expected that these patients would

_______
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have had diarrhoea at the time of study. However, the authors did
not state whether this was the case or not.

It should be pointed out at this stage that in view of the
individual variation in the amount and type of motor activity, the use
of control groups :is important in the investigation of the motility
of the intestines. As early as 1929 Hines, Lueth and Ivy included 21
normal subjects in a study of rectal motility in 12 constipated patients.
They found that their constipated patients had less rectel motility than
the normal persons, but as they used a balloon containing 150 ml. of
water, it is likely that induced rather than spontansous motility was
recorded. Hines et alii (1929) also decidsd to test Alvarez' (1924)
theory of "intestinal auto-intoxication" by leaving the balloon in situ
for 6 to 12 hours. Although this procedure csused discomfort and
"painful urges" it failed to reproduce any of the symptoms regarded
es typical of intestinal auto-intoxication.

Spriggs et alii (1951) also included a zroup of normel subjects
for comparison in a study of the motility of the rectum and sigmoid
colon in 10 patients with ulcerative colitis. The resting anl post-
cibal patterns of activity were recorded witx tandem balloons connected
to optical manometers.,

Spriggs and his colleagues (1951) notei the previously recognised
Waves of types I, II and III, In addition they observed & different
type of wave in their patients with ulcerative colitis. This wave did

not fit into any of the previously describei categories and was therefore
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separated as type IV. The type IV wave had a higher mean amplitude
than any other wave, and although relatively frequent in patients with
ulcerative colitis, it was extremely rare in the control group,
Spriggs et alii (1951) considered that the type IV wave was propulsive
and represented a mass movement of the contents of the colon.

Spriggs et alii (1951) mede no attempt to analyse the results in
their patients with ulcerative colitis in regard to the duration and
severity of the disease, or the presence or sbsence of disrrhoea at
the time of study. However, as a group, the patients with ulcerative
colitis showed a markedly decreased proportion of typre II waves which
accounted for only 9.8% of all waves as compared with 36,3 in the
control group. The authors considered that type II waves represented
haustral contraction and therefore suggested that haustral activity
wes reduced in patients with ulcerative colitis,

Spriggs snd his associates (1951) attempted a quantitative analysis
of their tracings by calculating the percentege activity and mean
emplitude for sll wave types, This represented an advance in motility
work and would be justifisble, as far as the prercentage activity is
concerned, if all waves could be classified accurately. However, the
calculation of mean amplitudes is probably misleading because of the
technical shortcomings of large belloons,

Kern et alii (1551) also studied the motility of the distal colon
in patients with chronic ulcerative colitis. They invesatigated 45

Patients with this disease and stated that they had used more than 300
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normel persons es the control group, They observed type I, II ard
IIT waves, and reported the occurrence of type IV waves independently
of Spriges et alii (1951). Waves of type IV were simple waves
lasting 2 to 5 mimutes and were seen in 9 of the 72 tracings from the
group with ulcerative colitis, but never in normal subjects,

Kern et elii (1951) considered that only type IV waves were
propulsive., Most of the studies were done with single balloons hut
when tendem balloons were used the time intsrvel between the appearences

of type IV waves in the proxims) and distel balloons was constently 1

mimite, The authoirs proposed that these waves represented caudad

progression of mass peristaltic contractions originating in the right
half of the colon, but did not present evidence for this view,

Kern end his co-workers (1951) further found that phasic activity
(Types I, II and ITI) was either absent or reduced in 46 of the 72
{tracings from patients with ulcerative colitis., Only four tracings
showed excess activity and the rest were noxrmal. Type IV waves
occurred ornly when phasic activity was reduced.

Kern and his group (1951) found no correlation bstween the level
of motor activity of the colon and the duretion of the dlsease and the
degree of fibrosis of the colon, However, they noted that patients
with severe diarrhoea tended to have inactive tracings with type IV
waves, Phasic activity returned toward normal when the diarrhoea
ceased. Patignts with normal bowel habits had normal tracings, and

constipated patients showed increased motor activity.
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A discussion of emotionally charged topics with the patisnt with
ulcerative colitis resulted in an increase in the frequency and
amplitude of the waves in six of seven previously insctive treacings.
However, Kern et alii (1951) mske no mention of whether a similar
response could be elicited in patients with normal patterns of
nmotility.

It should be noted that Kerm and his colleagues (1951) used only
& single balloon in all but a few of the experiments, and a single
roecording device may create a felse impression of inactivity or hyper-
activity because of the variation in motility in different segments
of the gut.

Connsll (1959) described a more sensitive balloon method, He
used three miniature bslloons measuring 10 x 7 mm. and 5 cm. apart,
The balloons were connected to an optical manometer by narrow bore
polythene tubing and the volume of the whole recording system was only
slightly greater than 1 ml.

Connell (1959) deperted from the time-honoured standard nomen-
clature and described only two groups of waves, The first, the
"principal® waves, were so named in view of their almost universsl
occurrence in tracings from the sigmoid colon. They correspond to
type Il of the standaxd notation, Usually their amplitude was below
20 cm, of water, but they could at times exceed & pressure of 70 cm,
of water, and they tended to occur in phases of activity alternating

with phases of relative inactivity. In the active periods their
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frequency was constantly in the range of 2 to 2,7 per mimite and inter-
segmental incoordination was common, Forward progression of waves was
rare but retrogression was more frequent, |

The waves of the second group were seen mainly in tracings from
the rectum and were of a low anplitude. Their frequency was rapid (3
to 10 per mimte ) and they sometimes continued for a considerable
length of time without interruption. These waves, Connell (1959)
considered, corresponded to type I waves of the standard nomenolsture.

Connell (1959 ) reported quantitatively analysed results from more
than one hundred patients with disordered bowel function including
ulcerative colitis and the "irritable bowel" syndrome. He found normal
tracings in slightly more than half the patients. The remainder could
be divided into well defined groups:

(a) Most patients with active diarrhoea at the time of study had
inactive tracings. With symptomatic improvement of the diarrhosa, the
tracings showed a return to nonngl activity; this had been noted
earlier by Almy, Abbott and Hinkle (1950) and Kern et alii (1951),
Connell (1959) therefore postulated that in active diarrhoeal states
the colon did not act as a punp but "as a rigid drain along which faeces
positively trickle to reach the sensory receptors for the derascation
reflex",

(b) Apparently 20% of the patients with the "irritable bowel"
syndrome showed & motility pattern characterised by a predominance of

rapid frequency waves, The majority of these patients were constipated.

e i M ' o e e e e L

et - +. = o o N L
& e il & Sl ek i i oty o i o bl A R



TERDICINP Sl

21

(¢) Excessive numbers of high emplitude contractions resembling
the effect of Prostigmine occurred in some patients, but Connell did
not state whether this type of activity was associated with any
particular form of bowel dysfunction,

In later work (Connell, 1961b) the ssme method was used to study
16 cuses of megacolon, The group was not a homogeneous one,
Hirschsprung's disease being proven in two cases and suspected in one
further patient, The others were grouped together as acquired mega-
colon,

The commonest motility pattern, observed in 7 of the 16 patients,
was one of generslised hypomotility, Whether the hypomotility was the
cause or merely an effect of the disease remained ungettled, In
addition Connell described segnental hypomotility in three patients,
segmental incoordination in three patients, and completely normal
records in the remeining three patients.

Connell (19610) also investigated the motility of the distal large
bowel in 14 patients with asymptomatic duodenal ulceration, He fourd
no significant difference in motility between these patients and a
control group of 18 normal subjects.

It is interesting to note that Counsll had abandoned open ended
catheters for miniature balloons because he had found that the
catheters he used were blocked by faeces even when a constant infusion
technique was used., This has not been the experience of other
workers (Davidson, Sleisenger, Alny and Levine, ?956b; Chaudhaxy and
Truelove, 1961b, ¢, d).
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2a. Catheter Studies of the Smell Bowel

The earliest study of gastrointestinsl motility using opsn ended
cathetsrs was made by Uffelmann in 1877, He studied a child aged
seven years who had had a gastrostomy performed for oesophageal
stricture, the result of sulphuric acid which had been ingested in
mistake for beer., Uffelmann observed. reriodic fluectuations in
pressure which he considered were due partly to respiration and
partly to gasiric contractions. He estimated the basal gastric
pressure to be 2 to 8.5 cm. of water.

Six years later, Schreiber (1883) also described experiments on
measurenent of gastiric and oesophageal pressures through an open ended
cathster., He found that while the oesophageal pressure always was
negative, the height of the intra-gastric pressure appeared to depend
on how much the stomach was stimulated by mechanical contact with the
tube, Thus a negative basal pressure could be easily overcome by a
contraction resulting from manipulation of the tube. Schreiber did
his expsrimental work both on normal and on anaesthetised subjects.

Forty-five years later, Templeton (1928) recorded the motility
of the dog's stomach using a catheter inserted through an external
fistula., However, the credit for reviving the interest in open ended
catheters in studies of humen gastro-intesitinal motility belongs to
Brody and his colleagues (Brody, Wierle, Heschan and Quigley, 1940).
Initially they used an air filled lesd and rubber tube of 1 mm. bore
comnected to an optical manometer, and later a tendem system of

recording tips comnected by 0.75 mm, polythene tubing (Brody and
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Quigley, 1947). The equipment wos further improved by Quigley, Brody,
McKay, Landolina and McAlister (1950) and at that stage consisted of &
polythens catheter comnected to an electromanometer. The conducting
medium in the catheters was heliun and a slow flow of this gas
prevented the tips from being blocked by intestinal contents, Using
these methods Brody and his co-workers investigated the basal pressures
and phasic pressure variations of the stomach and smaell intestine in
man end in experimental animals, They were particularly interested in
the mechanism of gastric emptying (Brody awd Quigley, 1947; Quigley and
Brody, 1950).

Rowlands, Honour, Edwards and Corbett (1953) reported a modification
of the open ended catheter method and described its performance
characteristics, Using an expanded silver recording tip of 3.5 mm.
bore on 1 mn, air perfused polythens tubing, they found that no gut
contents were forced into the catheter at pressures less than 155 cu.
of water. No resuits of clinical application of the method were
repoxted,

In 1954, Lorber and Shay described the use of fluid filled open
ended catheters connected to Stathan strain gauges, They found that
catheters with an internal diemeter of 2 mm, the most satisfactory,
because excessive dampening occurred in catheters of narrower bore,
From two to four catheters with tips 5 cm. apart were inserted into the
stomach end kept patent by a constant slow ssline infusion. A Sanborn

Poly-Viso recorder traced the intra-gastric pressure changes,
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The credit of introducing fluid filled catheters thus belongs to
Lorber and Shay (1954) and most subsequent workers have adopted this
method.

Thus Fink (1959) recorded intra-luminal pressure fluctuations from
the small bowel, He succeeded in making records from the entire small
bowel as well as from the sigmoid colon by leaving the single catheter
in situ for up to L8 hours,

Fink (1959) studied 60 persons of whom 2k were nozmal subjects,
and the others had duodenal diverticula, duodenal ulcers, sprue or
cholelithiasis. The percentage of pPhasic activity was calculated in
two different ways:

(a) by sdding the duration of all phasic waves and expressing

the sum as & percentage of the recorded time;

(b) by adding the duration of all periods during which phasic

waves were seen and expressing this sum as a percentage
of the recorded time.

Fink (1959) found that when he calculated phasic activity in the
first way there was no clear-cut difference between the patient groups,
If, however, the second method was used, patients with duodenal ulcers
had increased duodenal and upper jejunal activity, while patients with
Sprue had reduced motility of the upper small intestine,

Barbero, Kim and Davis (1958) studied the motility of the small
bowel in normal children and children with coeliac disease and muco-

viscidosis, . The ages of the children veried from less than 6 months
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to 14 years, They used a double-lumen Miller—Abbott tubs in which
the proximel opening was in the stomach and the distal opening in the
duodemm., The tube was connected to Statham strain gauges and
constantly pexfused at a slow rate. All waves above 2 cm. of water
pressure were esnalysed and were classified acocording to Foulk et alii
(1954) into types I and III.

Barbero et alii (1958) found that type I waves, which were
usually non-rhythmic, accounted for 98,)% of all activity. Waves of
type III constituted 3,5% of the total activity which in the normal
children was present for 23.% of the recorded time, There was no
difference in total activity between the three groups studied. There
was no difference in the response to milk between healthy children
and children with mucoviscidosis,. both groups showing an increase in
non-rhythmic type I waves and type III waves with a decrease in
rhythuic type I waves. However, no attempt was made to correlate the
degree of motor activity with age. Furthermore, 211 children wore
sedated, and this may well have had some effect on notility, as
Barbero and her colleagues (1958) showed that there was a significant
reduction in motor activity during sleep.

In 1960, Kewenter and Kock in Sweden described enother modi-
fication of the method of recording intra-luminsl pressure changes by
Deans of open ended catheters., Two fluid filled catheters with three
terminal holes and a rubber "sail" to facilitate propulsion were
Sonnected to pressure receptors and recorded on an Elema-Sch¥nander

four-channel mingogreph, The recording tips were 20 to 30 cm., apart s
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one in the duoderum, the othér in the jejummm. Kewenter and Kock
(1960) =studied the motor activity in 30 normal subjects during
fasting and following a mesal,

During the fasting period waves of unspecified type with a
meximum amplitude of 30 cm, of water occurred with a frequency of less
than 10 per 5 minutes. PFood caused an increase in the frequency of
the waves to belween 15 and 30 per 5 mimutes as well as in their
amplitude. Sometimes a distinct time lag was observed in the
appearance of a wave in the two tracings and this was taken to indicate
propulsion,

Kewenter and Kock (1950) found that Prostigmine augmented motor
activity to a slightly larger extent than did food, Morphine caused
recurring periods of fast "non-propulsive" waves at a rate of 55 to 60
rer 5 mimutes superimposed on a rise in basal pressure, These periods
lasted for 6 to 10 mimutes and could sometimes be seen as late as 24
hours after the administration of the drug.

The seame method was used later by Christoffersson, Kewenter and
Koek (1962) in a study of small bowel motility in patients after gastriec
operations. Scme patients following partial gastrectomy experience
episodes of light-headedness, weakness, sweating and palpitétions,
borborygmi and diarrhoea., These symptoms vceur shortly after eating
and are particularly likely to be brought on by sweet, hot and liquiad
foods. This distressing and not uncommon sequel of gastric resection

has come to be known as the post-gastrectony early dunping syndrome.
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Christoffersson et alii (1962) found that instillation of hyper-
tonic gluecose into the small bowel was imnediately followed by pro-
pulsive motor activity - "peristaltic rush". This persisted during
the remaining 30 to 50 mimutes of recording in those patients who did
not develop dumping. In contrast, patients who experienced dumping
showed abolition of the initial hypermotility after two to eight
mimites, and the small bowel remained completely inactive for the
remainder of the recording, In view of these findings Christoffersson
et alii (1962) considered that the occurrence of hypermotility of the
small bowel in dumping reported by other workers (Wallensten, Garsten,
Jonson and Saltzman, 1959; Mattsson, Perman and Lagerl8f, 1960) could
have been due to observation of the "peristaltic rush" alone, the
subsequent cessation of motility having escaped notice.

The catheter method was further applied to pharmacological studies
(Kewenter, Kock, Ponpeius and Scheller, 1962) and to an investigation
of the immediate effects of gastric surgery on the motility of the
smell bowel (Kock, 1963; Kewenter and Kock, 1963).

Xock's (1963) aim was to determine how soon af'ter paftial gastrectony
oral feeding could be instituted. He assumed that it would not be
tolerated until the upper small intestins was capable of propulsion,
and therefore investigated the motor response of the smell bowel to
Jejunal feeding, He began the recordings on the first post=operative
day and repeated them daily until propulsive activity had returnsd.

This usually took place by the third day after operation, but was
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delayed until the fifth day in one patient, There was no difference
in the time of return between patients with a gastro-duodenal
anastomosis and those with a gastro-jejunal omne.

Kewonter and Kock (1963) showed that the administration of
Prostigmine did not cause a return of propulsive activity if jejuﬁal
feeding had failed to do so, and therefore advised against the usae of

this drug in the treatment of post-operative paralytic ileus,
2b. CATHETER STUDIES OF THE LARGE BOWEL

The use of catheters in studies of large bowel motility waa
pionscred by Davidson and his group, In 1956, Davidson, Sleisenger,
Almy and Levine (1956b) made & study of the motility of the rectum and
distal colon in 40 nomrmal children.

The pressure fluctuations were recorded through three constantly
perfused polythens catheters with the recording tips six inches apart,
The catheters were connscted to electromancmeters and the tracings
made on & Sanborn Poly-Viso recorder. lMost of the children were
given an enema before the catheters were inserted.

The waves were subdivided on the basis of amplitude and duration,
Their pattern of distribution gave no support to the rigid separation
of waves into types I, II and III, although exanples of all these
types could at times be recognised. Later, independent, work has
supported this belief (Chaudhary and Truelove, 1961b - d).

Davidson ard his colleagues (1956b) found that the motility of the

T e I g e e Ay T e gy T REEOTr TIAT vy e e

el an e



PO TR T P kAt e i N . = ¥ el SRR,

e, .

rectum differed from that of the sigmoid colon in so far as the rectal
contractions were of longer duration and smaller amplituds than
contractions observed at higher levels of the bowel,

The results of this work were used as a basis fqr comparison in a
later study by the same suthors (Davidson, Sleisenger, Almy and Levine,
1956a)., Seven children with ulcerative colitis, none of whom had
diarrhoea, showed motility patterns within the normal range. However,
a characteristic pattern was observed in siv infants with acute
infectious diarrhoea. The distinguishing features of the diarrhoesal
rattern was a high degree of coordination at the three levels of the
large bowel, although there was often a distincet time lag in the
appearance of the wave in the three tracings. This was taken to
indicate propulsion,

In addition, the amplitude of the waves was generally much higher
than in normal children, and a large part of the activity consisted of
'unique waves'! held to be identicel with the type IV wave of Spriggs et
alii (1951),

In an attempt to reproduce this motility pattern experircentally,
11 normal children were given oral magresium sulphate. In eight
children the motility pattern of diarrhoea was induced with magnesiun
sulphate, Furthermore, progressive waves of & high amplitude were
8een. Davidson and his co-workers (1956&) noticed that these type IV
waves were essocieted with abdominel discomfort only when they occurred

simultaneously in adjacent segments of the gut, or when their analward
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progression from the signoid colon did not eventuate, Type IV waves
showing progressive delsy and resulting in the passage of fasces or
fletus did nof give rise to abdominal discomfort,

Another paper by Davidson's group (Davidsen, Sleisenger, Steinberg
and Almy, 1955) described the use of Mecholyl in the diagnosis of
congenital megacolon. Vhen this diug was given in a dose sufficient
to produce systemic side-cffects it was found to inhibit colonic and
rectal phasic activity in 9 of 20 nommal subjects. Of six children
with congenital megacolon, three showed inhibition of motility of the
unaffected gut; whereas the aganglionic segment failed to respond.
Mecholyl, consequently, failed to relax the agapglicnic segment. In
two children with megacolon there was lack of response to Mecholyl at
all levels of the gut, corresponding to the situation in nommal
controls. The remaining patient demonstrated a "false positive”
result in thaet the constricted segmont alone failed to relax, but at
operation the resected gut was not sganglionic. This patient was later
described more fully in a separate paper (Davidson and Bauer, 1958),

On the basis of this work, Davidson and his associstes (1955)
made a plea for the use of the Mecholyl suppression test as a
disgnostic tool in suspected cases of congenital megacolon. They
claimed that the length of the aganglionic segment could be detexmined
by moving the recording tips, but pointed out thet the test could be
expected to be of value in only one-half of the cases.

Regults conflicting with those of Davidson et alii (1955) were

Published by Fink and Friedman (1960) who compexed the effect of various
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drugs, smongst them Mecholyl, on the proximal and distsl qolon. To
obtain pressure records from the proximal colon, these workers allowed
a thin polythene tube with 2 windows 40 em, apart to traverse the‘whéle
gastro-intestinal tract and connected each erd of the tube to a pressure
transducer,

According to Fink and Friedmen (1960) Mecholyl constently
augnented the motility of the proximal colon, although the distel colon
was less sensitive. However, a dose sufficient to cause definite
systemic effects - comparable to that used by Davidson and his
colleagues (1955) exhanced motor activity throughout the colen and
rectun. In no instance was Mecholyl observed to cause suppression of
motility. Since Prostigmine had the seme qualitative action as
Mecholyl and since both direct cholinergic stimulation and cholin-
esterese inhibition were more effective in the proximael colon, Fink amd
Friedman (1960) suggested that the distal colon contained more cholin-
esterase, They were strengthened in this belief by finding that
bethanechol (Urecholins) = allegedly acting directly on the nsuro-
effector cells - had a more proncunced stimulating effect on the distal
colon than either Mecholyl or Prostiguins.

They found that the dividing line between the two territories of
different quantitative response was immediately to the left of the mid~
transverse colon. This conforms well with existing knowledge of the
Parasympathetic inmervation of the large bowel, the proximsl colon
being supplied by vagal fibres and the distal colon and rectum by the

sacral out-flow,
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Chaudhery and Truelove (1961b,c,d) made substantial contributions
towards our knowledge of the motility of the large bowel in a series of
well planned and carefully analysed experiments, They used three
water-filled polythene catheters with the recording tips 7.5 cm, apart,
The catheters were conmnected to photeelectric transducers ccupled to a
Cembridge three-channel recorder. Like Davidson et alii (1956b) s
Chaudhary and Truelove (1961b) found themselves unable to separate
waves into strict categories, and therefore subdivided them on an
amplitude~duration basis for the purpose of analysis, They introduced
a "colonic motility index" to make rapid comparison of different
tracings possible. This parameter was obtained by adding the
amplitude-duration products of all waves and taking the averasge value
in normal subjects as 100.

Chaudhury arnd Truelove recorded resting patterns of motility as
well as changes induced by Prostigmine or by an "emotionally charged"
interview, They studied normal subjects, patients with the irriteble
colon syndrome, and patients with ulcerative colitise,

In the first study, Cheudhary and Truelove (1961b) discussed
resting patterns of motility, They showed that patients with the
irritable colon syrdrome whose chief symptom was abdominsl paein (spastic
colon) and who had symptoms at the time of study, showed hyperactive
resting petterns. Patients with the irritsble colon syndrome with
8ctive diarrhoea as their only symptom (pure dierrhoea) showed a slight
decrease in the rumber of short waves s but no other deviation from

normal, Furthermore, patients with the irritable colon syndrome who
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were without symptoms at the time of the pressure recordings had
essentially normal resting patterns,

The patients with ulcerative colitis were subdivided according to
the severity of the disease. Those with severe or moderate symptoms
were shown to have increased total activity mainly due to a marked
excess of waves of high amplitude and long duration = probably
corresponding to type IV of earlier workers (Spriggs et alii, 1951).
Essentially normal patterns with only a slight reduction in the number
of short waves characterised patients with mild symptoms, and those
with no sympfoms but with sigmoidescopic evidence of inflammation.

The last group, symptom~free patients with no sigmoidoscopic evidence
of inflammation, had normal patterns.

Trecings from the descending and transverse colon in five
petients with colostomies failed to reveal any increase in resting
activity at these higher levels as compared to the resting activity of
the sigmoid colon,

In their concluding remarks Chaudhary and Truelove (1961b)
emphasised the large variation in colonic motor activity in normel
subjects which rendered estimates of hyperactivity or hypoactivity on
mere visual inspection "grossly inadequate®.

In their second communication Chaudhary and Truelove (1961c)
reported the effect of a standard intramuscular dose of 1 mg. of
Prostigmine. Eighty-six tracings were obtained from the same groups
of subjects as previously. In all groups Prostigmine caused augmented

ectivity which, however, was most marked in patients with the spastic
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colon disorder in the stage of symptoms., When no symptoms were
present the response, although not so marked, was still greater than
that seen in normal subjects, Patients with pure diarrhoea responded
less than those with a spastic coclon, but more than nonmal_subjects.

In contrast, patients with ulcerative colitis did not differ
quantitatively in their response from noxmal controls with the
exception of patients in group I (severe to moderate symptoms ) who
showed an increase in long waves of high amplitude,

The overall picture was thus one of an excessive regponse to
Prostigmine by patients with the irritable colon syndroma, whether of
the spastic colon type or with pure diarrhoea, and whether in the stage
of symptoms or not. Chaudhary and Truelove (1961c) concluded that
this finding favoured the theory that all the patients with the
irritable colon syndrome shared a common factor which persisted even
when the disorder was quiescent. They suzgested that this factor
night be an increased reactivity to parasympathetic stimulation. On
the other hand, there was 1little evidence for undue susceptibility to
such stimulation in patients with ulcerative colitis.

The third study by Chaudhary and Truelove (1961d) concerned the
effect of emotions on colonic motility. The method used to induce
emotional stress under experimental conditions was a discussion with
the patient of topics with an 'emotionsl loading'. They found that
the frequency with which augmented motor activity was induced by the

emotive interview was the same in all groups of subjects,. Thus 25%
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of the normal subjects, 26% of the patients with the irritable colon
syndrome and 28% of the patients with ulcerative colitis showed a
positive response. Patients with the irritable colon syndromse in the
stage of symptoms reacted with enhanced motility moxre frequently than
did symptom-free patients, but the mumbers involved were small,

It is interesting to note that Chaudhary and Truelove (1961a)
mede no mention of & decrease in colonic motility induced by emotions.
Such an occurrence was repeatedly described by Almy and his colleagues
(Almy, Abbott ard Hinkle, 1950; Almy, 1951) and abolition of motor
activity was usually associated with feelings of guilt or inadequacy
in the patient. However, since motor activity was normally seen in
the colon for only about 1%% of the recordsd time (Chaudhary and
Truelove, 1961b) it is possible that the periods of quiescence
observed by Almy et alii (1950) bore no more than a temporal relation-
ship to the interview,

Hore recently, Truelove and his co-workers (Ritchie, Ardran aml
Truelove, 1962) have reported the use of a balloon ard an open ended
catheter forming a differential unit in the study of motility. The
differential unit was considered to be of velue in detecting expansion
of the bowel, and ensbled waves caused by a contraction of the bowel in
the neighbourhood of the recording device to be distinguished from
those caused by transmission of the pressure gensrated by a contraction
well ebove the differential unit, Ritchie et alii (1962) offered a

classification of the different types of colonic motor activity based
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on simultansous manometric stﬁdies and cine-radiology.

Kim and Barbero (1963) investigated the pattern of recto-sigmoid
motility in children and showed that in children over six months of °
age the large bowel was active for a greater proportion of time than
in adults. However, from their published results it is evident that
they @id not calculate the percentage activity in the same mannexr as
did Davidson et alii (1956b) or Chaudhary and Truelove (1961b-d)

rendering a comparison of the results of these three studies invalid,

3, Gastro-~intestinal Radiotelemetering

The necessity of intubation was until recently the most serious
disedvantaze of assessing intestinal motility by measuring intra-
luminal pressure fluctuations. Tubes were needed either to conduct
the intra-luminal pressure changes to external transducers or to caryy
enexrgy to traensistors placed inside the intestine, The discomfort
caused by the tubss made patients less inclined to undergo repeated or
prolonged studies. Furthermore, nausea which was sometimes induced by
tubes could alter the behaviour of the bowel,

The introduction of the ingestible radiotelemetering capsule in
1957 by two independent groups of workers (Farrar, Zworykin and Baum,
1957; MNackay and Jacobson, 1957) was therefore a significant advance
in the methodology of gastro-enterologicsl research. The approach of
the two groups differed somewhat. Although both made use of frequency

modulation radio transmitters, Farrar et alii (1957) enclosed a powex
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supply in the capsule meaking it irndspendent of external sources of
ensrgy s whereag llackay and Jacobson chose to employ a passive trans-
nitter consisting of a rescnant circuit, the frequency of which was
gensed from the outsida,.

The ivgestible telemetering capsules in use today are essentially
frequency medulation transmitters powered by small electric cells and
have been used mainly for measurements of pressure fluctustions within
the digestive tract. There are, however, reports of modifications
which permit meesurements of acidity and temperature (Connell and
Rowlaris, 1960; Rowlands and Wolff, 1960),

Basically, a telemetering capsule or 'radio-pill' adapted for
pressurs measurements consists of three components: the transducer,
the transmitter and the power supply.

The transducer is a ferrits core, the disc of which cerries the
pressure sensitive component., This may be either a perspex diephragm
(Rowlards and Wolff, 1960) or a silver plated copper diaphragm.
Alternatively, the pressure sensing device may be a bellows mechanism
(Horowits and Farrar, 1962).

The transmitier is usually designed to operate on & frequency
between 300 K¢/s and 10 Mc/s (Watson, Ross and Kay, 1962)., All
circuits use the variation in inductance which results when intra-
luminal pressure fluctuations canse a movement of the pressure
sensitive diaphragm or bellows and thus of the attached ferrite disc.

The change in inductance resulis in a change in-the frequency of
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oscillation of the transmititer. The radio signal is picked up by an
aerial system outside the body and the freguency change. demodulated by
a receiver and recorded in a suitable way - usually by & direct writing
recorder (Rowlands and Wolff, 1960),

Most radio pills are powered by a standard hearing aid mercury
cells This power supply will last 40 hours (Rowlands and Wolff, 1960)
80 hours (Watson et alii, 1962) or 4 to 5 days (Horowitz and Parrar,

1962) depending on the current required to operate the transnitter,

Technlcol Considerations in Radiotelemetering

The pressure sensing mechenism must give a stable performance to
ensure reliable recording., A perspex diephragm tends to undergo
dimensional changes caused by the action of digestive secretions on
its outer surface (Connell and Rowlands, 1960). Unless this is
provented, for example by covering the disphragnm with silicone grease,
a baseline drift will develop during the recording. Alternatively,
the diaphragm may be made of & more durable material, such as silver
Plated copper (Watson et alii, 1962); the bellows mechanism, if used,
nay be protected from blockage by intestinal contents by enclosing the
capsule in & rubber bag (Horowitz and Farrar, 1962).

Voltage decay of the power supply is another possible cause of
baselinz drift., However, Watson et alii (1962) showed that the
commonly used Mallory RH 312 mercury cell had a stable voltage curve
as the current was drained from it. After an initial fall in the

first 30 minutes, the voltagé remsined within 0.5% of the specified
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level of 1,32 volts, and the variation in frequency caused by this
degree of decsy was negligible, During actual recordings baselins

*drift, including drift in the receiver, was found to amount to less
then & F% chenge in carrier frequency. Thus the stability of the
system was adequate.

It is well known that variations in envirormental temperature
influence the performance of radio-pills (Farrar, 1961), Vatson et
alii (1962) showed that frequency changes of up to 1 K¢/s could be
caused by variations in envirommental temperature within the
physiological range. Each capsule was found to have its own
tenperature characteristics and thus had to be calibrated individually
before use.

Another reason for calibrating each radio-~pill separately is the
fact that the change in frequency caused by a given pressure varies
from one pill to the next. The range of pressures which can be
recorded with acceptable linearity depends on the nature of the
pressure-sensitive mechanism, A perspex diaphragm 0.2 mm, thick has
been found suitable for pressures between O and 100 cm. of water
(Rowlands and Wolff, 1960). The metal disphragm 0,001 inches thick
used by Watson et alii (1962) was reported to record up to a pressure
of 50 cm, of water with a non-linearity errcr of less than 6. Higher
pPressures could be recorded accurately by increasing the thickness of

the diaphragm,
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Practical Asvects of Telemetering from the Gut

The two main difficulties encountered in gastro-intestinal
telemetering are the localisation of the capsule in the intestine
and the phenomenon of 'loss of contact'.

The capsule is radio-opaque and its exact position in the large
bowel can be easily ascertasinsed by fluoroscopy. Localisation in the
smell intestine is more difficult, amd even radiological contrast
studies may not be wholly satisfactory if several loops of intestine
are superimposed upon each other, Furthermore, the examination mnay
have to be repeated at frequent intervals beceuse the capsule, unless
anchored by a thread, often moves rapidly through the upper small
bowel.

Foamiliarity with the wave patterns usually found at different
levels of the digestive tract is of help because gastric, small
intestinal and colonic wave patterns are easily distinguished from
one enother. Indeed, Connell and Rowlands (1960) found themselves
able to localize the capsule with a fair degree of accuracy from the
nature of the pressure waves, and thought that with further experience
fluoroscopic control might beccme unnecessary. However, most workers
egree that radiology is still essenticl for accurate localisation
(Horowitz apd Farrer, 1962; Smith, 1562; Smith and Ridgway, 1962).

'Loss of contact' occurs when movement of the capsule causes &
fall in signal strength. The strength of the radio 8ignal depends on

the position of the non-honcgeneous field of the capsule in relation to
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the receiving aerisl, being greatest when the aerial intercepts the
paxirum nunber of lines of fores, If the capsule spins around the
signel atrsngth may fall belew a critical level, causing an artefact
in the pressure trace resembling a small bowel pressure wavs (Connell
and Rowlands, 1960; Sprung and Roisch, 1960).

Logs of contact may be prevented by the use of an omnidirectional
serial (Connell and Rowlends, 1960; Connell, lMcCall, lisiewicz and
Rowlands, 1963).  Alternatively, distortion of the pressure record may
be avoided through the use of an electronic clemp which momenterily
interrupts the recording when signal strength falls below the critical
level (Smith, 1962; Smith and Ridgway, 1962).

On the other hand, loss of contact may provide informaticn ebout
movement of the capsule (Sprung and Roisch, 1960; Smith, 1962). If &
contour map of signal strengths is plotted and the recording aericzl
purposely placed at the perirhery, even slight changes in the position
of the capsule will result in marked varistions in signal strength,
These verictions can be recorded simultenccusly with pressure
fluctuations (Smith, 1962),

A further refinement was introduced by Connell et alii (1963) who
combined pressure recording through an omnidirectional aeriel with
recording of signal strength through both an omnidirectiornal and a
unidirectional aerial., Unforitunately the amount of electronic
equipment necessery for this procedure may limit its acceptance in

¢linical practice.
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While the position of the cepsule in relation to the receiving
aerisl is constent, the signal strength depends on the distaonce between
cepsule end aerial. Thus the signal strength may be used to 1ocalis§
the capsule. Smith (1962), using & namber of interchangeable aserials
placed over the abdomen, found that signal strength was maximel through
the central or lef't-sided aerisl when the capsule wes in the uppexr
suall intestine. When it hed progressed to the cascum, the strongest
signal was recorded through the lower right eserial loop.

The transit, recovery and possible re-use of the capsule also need
to be considered. Trensit though the gastro-intestinal tract is almost
invariebly uncomplicated, but if it is unduly long the 'life' of the
power supply may be exceeded. Farrar and Bernstein (1958) reported
one patient with an unsuspected cercinoid tumour in vhom the cepsule
was arrested at the level of the tumour, and Connell and Rowlands
(1960) had a similar experience in a case of unsuspected Crohn's
disease. In both instances the provoked laparotomy led to a
defirdtive diagnosis; nevertheless, redioteclemetering capsules should
not be used in patients with suspected strictures of the intestire,

Recovery of the cepsules presents no problem, but opinions differ
on the question of repeated use of a cepsule. Rowlands and Wolff
(1560) used & ‘one Jjourney pill' end considered that the advantages of
complete sealing and permanent connection of the battery outweighed the
ecenomic disedvantages. On the other hand, Farrer et alii (1957)

preferred capsules with a replaceable power supply. Neturally the



possibility of using the same capsule for a number of experiments is
firancially attractive, and even though adeguate sealing of the battsyry

end is difficult, it can be achieved (Watson et elii, 1962),

Results of Gastro-intestinal Telemetering

R v,

It is natural that many of the reports dealing with gastro-
intestinal telemetering should have e strong methodological bias
(Rowlands and Wolff, 1960; Mackay, 1961; Watson et alii, 1962;

Smith, 1962; Connell et alii, 1963). However, the radio~pill has
oome into use as a tool for clinical reseerch,

Farrar and Bernstein (1958) published a qualitative description
of the motility of the small bowel in 10 noxrmal subjects and 3 patients
with functional alimentary disorders, but attempted no detailed
analysis of their results, They also compared the tracings obtained
through simultaneous recording with redio-pills and open ended catheters
and found them to be virtually identical., Similerly, Sprung and
Roiech (1960) described the amall bowel patterns of 20 normal volunteers
without attempting & quantitative appraissl. Connell and Rowlards
(1960) published representative tracings from different levels of the
gastro-intestinal tract and confirmed that tracings obtainsd with open
ended catheters and with radio-pills were identicael, though miniature
balloons produced tracings with minor quantitative differences.

Groisser and Farrar (1962) made use of the telemetering capsule in
investigating the effect of small bowel motility on the absorption of

redioactive sodium,
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In 1962 Horowitz and Farrer reported quantitatively analysed
resultz of the motility of the small bowel in 10 patients with
functional gaafro-intestinal symptoms and 12 normel subjects. Resting
axd post~cibal patterns were recorded, In their analysis the authors
clasglfied the waves into types I and ITI, and further subdivisions
were then mede on the basis of amplitude. Horowitz and Ferrar found
no difference between patients with functional alimentary disorders
and control subjects in regard to the mumber end amplitude of type I
waves, However, only 4 of the contrel subjects but all of the
patients with functional elimentary symptoms showed type III waves.

- Ross, Watson and Kay (1963) reported an elegant application of
rediotelemetering to & clinical problem. They studied the return of
intestinal peristalsis after gastric surgery with and without vagotomy.
Eleven patients in whom gastric surgery wes combined with vagel section
showed a return of small bowel peristalsis after a mean of 10,2 hours;
in the same number of petients who had gastric surgery without vagotomy,
the corresponding time was 442 hours. The mean amplitude of the
veristaltic waves was not influenced by vagotomy, and Ross and his
colleagues concluded that the vagus exercised little control over the

motility of the small bowel,

4. Rediology
Although radiological methods are a valusble aid in the diagnosis

of gaatro-intestinal disease, they have not been egually successful in
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elucidating the nature of normal and disturbed intestinal motility.
Prolonged observation is necessary to observe the relatively slow and
conplex movements of the gut and its contents, and the amount of
radiation involved made it impossible for the early investigators to
study intestinal motility in man with any degree of safety.

Cannon (1902) studied motility in the cat and described in detail
the fluproscopic appearance of the different types of motor activity:
segnentation, peristalsis and pendulum movement in the small bowel;
peristalsis, anti-peristalsis and tonic constrictions in the large
bowel. He also noted the abolition of all intestinel motility except
the tonic constirictions of the colon in the excited or enraged animal,
and was thus the first to draw attention to the fact that emotions
influence motility. It is of some intersst that the contrast medium
used by Cannon (1902), & mixture of food and bismuth subnitrate, was
probably more physiologicel than the pure barium suspensions of latter
days which are not well suited for an investigation of tho physiological
behaviour of the gut. However, recently a standardised barium-food
mixturs has been introduced by Swedish workers (Mattsson, Perman and
Lagerlds, 1960) and found satisfactory.

An approximate estimate of motility can be made by using serial
'spot! films at regular intervals to decide on the progress of the
contrast medium through the intestine. With this method Kirsh (1956)
found a wide variation in the time taken for non-flocculating barium
Sulphate to reach the caecum. In 173 patients without known gastro-

intestinal disease, the median transit time was 120 mimutes, but in
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only 53% of the patients was the transit time between 90 and 180
nimutes. It is clsar that only gross deviations from the normal will
be detected by this technique, However, transit times in noxmal
people are claimed to be more constant if a 'physiological contrast
medium', prepared by mixing the barium suspension with known quantities
of carbohydrate, protein and fat, is used (Mattsson et alii, 1960),
With this contrast medium the Swedish workers fourd slow smell bowel
transit in pancreatic steatorrhoea and non-tropical sprue, but noxmal
transit in ulcerative colitis even when diarrhoea was present. In a
later paper, Perman and Mettsson (1962) confirmed the slow small bowel
transit in steetorrhoea. They found that the transit time was
prolonged whether the steatorrhoea was of small bowel origin or
secondery to pancreatic disease,

Abnormal small bowel transit times have also besn reported in
patients with the dumping syndrome following partial gastrectomy by
Uattsson et alii,(1960) and Mattsson and Perman (1962). They
reported that in patients with the dumping syndrome the 'head' or first
part of the contrast medium traversed the small bowel at an extrenely
rapid rate, although the transit time for the remainder of the contrast
wa3 normal. Gastric emptying was equally rapid in patients with and
without dumping,

Intermittent fluoroscopy may be used instead of serisl ‘spot’
films, and is obviously more suitable for the observation of a dynamic

Process, However, with conventional equipment, the radiation hazard
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35 not negligibls., Using this method, Duthie and McKellar (1960)
studied 35 patients who had undergone gastric surgery and in whom they
attempted to induce dumping with hypertonic glucose. They found &
mean small bowel transit time of 20 mimites in the patients who
experienced dumping compared with 45 minutes when dumping did not
occur, Hypermotility of the small intestine was noted in 12 of the
13 subjects in whom dumping was induced, but was also seen in the
absence of dumping. Confirming the observations of Perman and
Nattason (1960), Duthie and McKellar did not find any evidence of
nore repid gastric emptying in the éresence of dumping,

In contrast to these findings, Cox and Allan (1960) reported
complete stasis, dilatation and lack of peristalsis of the gastric
remnant, duodermm and jejurum in four patients in whom dumpirng was
reproduced by the particular food known by the petient to precipitate
an attack, Two patients with less severe symptoms showed similar but
less marked radiological changes.

Realising that most other workers had reported increased motor
activity in the small bowel in the presence of symptoms of dumping,
Cox and Allan (1960) attributed the discrepancy to the way in which
dumping was induced. While other investigators had provoked the
ettacks with hypertonic glucose, Cox and Allan (1960) used !'mnatural
foods', for example, sweetened egg-flip. However, the results of
Jorden, Overton and De Bakey (1957a), Mattsson et alii (1960) ard

Mattsson and Perman (1962) wexre obtained with a food mixture of a
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composition similar to that used by Cox and Allan (1960).

Another possible explanation is that since Cox and Allan (1960)
screenad their patients at regular intervels and on fhe first symptoms
of a dumping attack, the initial hypermotility end xrush of contrast
through the small bowel described by Mattsson et alii (1960) may
already have occurred and thus escaped notice. This hypothesis
receives some support from the manometric studies of Christoffersson,
Kewenter and Kock (1962) demonstrating abolition of all small bowel
motor activity after an initial period of hypermotility lasting from
2 to 8 minutes,

Of the radiologicel techniques available for the study of gastro-
intestinal motility, only cineradiography combines the opportunity for
prolonged observation with availability of permanent records for later
analysis, However, although feasible for many years, cineradiography
could be used only for snimal work (Gianturco and Alvarez, 1932) until
the recent development of X-ray image intensification, Image
intensification reduces the amount of surface radiation received by the
patient during the exposure of the cine film to the order of 20 r/min,
(Liljedanl, Mattsson and Pernow, 1958) or 2.5 r/min. (Texter, 19561)
depending on the type of X-rey plant, the filter and the film used,

In the field of gastro-enterology, X-ray cine films have been used
to study the function of the oesophagus (Vantrappen, Liemer, ITkeya,
Texter and Barborka, 1958; Vantrappen, Texter, Barborka and Vanien-
broucke, 1960), the biliary tract (Caroli, Porcher, Pequignot and

Delattre, 1360), the stomach, and the small and large intestine,
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Liljedahl et alii (1958) described the radiological appearances
of the small bowel in 11 persons before and aftsr the aedninistration
of drugs enhancing motility, Another group of Swedish workers,
‘Wallensten, Garsten, Jonson and Saltzman (1959) studied the activity
of the small bowel af'ter partial gastrectomy. They found hypermotility
of the smsgll bowel during glucose-induced attacks of dunping, and
claimed good correlation between the degree of hypermotility and the
severity of the attack, Liljedahl, Mattsson, Pernow and Wallensten
(1959) showed that raplid small bowel transit was a characteristic
radiological feature in patients prome to dunping even when the
examination was made with the patient supine and no attempt was made to
provoke an attack., They also remarked on the development of a "pyloric
sphincter substitute" after a Billroth I gastrectomy and contrasted
this with the absence of a closing mechanism and the resultant rapid
gastric emptying seen after the Billroth ITI operation,

The development of a closing mechanism following partial
kastrectomy with jejunal transplentation was described by Hedenstedt,
Liljedahl and Mattsson (1961). The new 'sphincter appeared at the
site of the gastro-jejunal anastomosis., The transport of contrast
medium through the small bowel was described as 'slightly liveliex!
in patients who experienced dunping after this particular operation
than in those who did not.

Rothnie, Keump - Harper and Catchpole (1963) combined the use of

fluonoscopy, serial spot films and cineradiography in an investigation
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of the return of the motility of the stomach and small bowel after
abdominal surgery. They found that both mixing and peristaltic
activity wad present in the upper small intestine within 24 hours

and that neithexr surgical vagotomy nor surgical procedures directly
involving the stomach influenced the rate of return of motor activity.

Although radioclogical technigues enable observation of the
behaviour of the gut under physiologicel conditions, they have zone
distinct diasadvantages,

Firstly, as already mentioned, even with modern equipment the
time of observation is limited by the emount of radiation the patient
receives,

Secondly, even when permanent records are obtained - for instance
during cineradiography - the analysis of the records is largely
confined to a subjective impression of the degree of motility present,
'Blimd', preferasbly dual readings by experienced radiologists will
reduce the error,'but the opinions given must by necessity still be
subjective,

Thirdly, unless transit times to set levels of the intestine are
determined, there is no basis for comparison of results of different
groups of workers. However, transit times are only a gross indication
of gut motility, end vary comsiderably even in normal subjects (Kirsh,
1956).  Differences between the results of two authors may also be due
to the nature of the contrast medium used in each particular study,

Kirsh (1956) found that small bowel transit was faster for non-
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flocculeting contrast than for tﬁe standard flocculeting barium
suspensions, and Hattssen et alii (1960) cleimed a more rapid transit
when a food~barium mixture was substituvted for conventional contrast
medid.

Combined Studies

Inportent information should be cobtained from radiclogicel methods
when they are used in combination with pressure recording from the gut,
For instance, if during manometric pressure recordings the bowel in the
region of the recording device is visualised by means of contrast
fluoroscopy or cineradiography, it shouléd be possible to interpret the
recorded wave patterns in terms of function such as propulsion and
seguentation,

There are few reports of investigetions in which the combined
technique has been applied to the study of the motor activity of the
digestive tract, The physioclogy of the oesophageal contractions and
the closing mechanisus at the gastro-cescphageal junction were
clexified by Vantrappen and his colleagues (Vantrappen et alii, 1958;
Vantreppen et alii, 1960). Lorber and Shay (195L) investigated the
effect of posture, barium ingestion and air insufflstion on the intra-
gestric pressure. Chepman end Palazzo (1949) combined balloon kymo-
grephy end fluoroscopy and described the propulsive and non-propulsive
weve patterns of the small intestine. Prepulsion was ssaid to be
esscciated with tall sustained waves lasting longer than 2 mirutes
although the authors later stated that no contractionsz of this duration

éppeered during the fluorescopic observetions.
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Smith, Texter, Stickley and Barborkae (1957) studied the effect of
en ecid barium suspension on gastro-duodenal motor activity in patients
with peptic ulceration and in normal controls. They showsd that
although basal ectivity was similar in both groups, ingeation of the
acid contrast medium caused a greater increese in motillity in patienis
with active ulceration than in the control group., The inciease in
activity was greatest when ulcer type distress was produced,

The combined technique has also been used to investigate gastro-
intestinal function after partial gastrectomy. Jordan, Baxton ani
Williamsen (1557b) studied 46 patients in the secord post-operative
week, although rediology and pressure recording was done simultancously
in only two. They found no correlation between the rate of gastric
emptying and the degree of gastric motility and considered that the
gestric remnant emptied largely because of the effect of gravity.

They demonstrated that gastric emptyirg was significantly more repid
efter a gastro-jejunal anestomosis than after a gastro-duodenal ons,

Glazebrook and Welbourn (1952) reproduced dumping in 3 of 23
patients after gastrectomy by distension of the Jejurum with a balloon,
This manceuvre resuited in increased small bowel motility, although it
might not be valid to draw conclusions from this study, because
distension of the gut to the point of obstruction normally leads to
increased motility proximel to the obatruction. When dumping was
induced by jejunal instillation of hypertonic glucose, increased

motility again resulted and the change could be reversed by the
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instillation of tap water. Rediologically the increased motor
activity was reflected in 'violent peristalsis® with ropid small bowel
transite Jejunal dilatetion was not seen. Pente~ and hexamethonium
bromide, which normally depress motility; prevented hypermotility and
the onset of dumping when given before the hypertonic glucose solution.
These results tend to incriminate hypermotility as a causative factor
in the production of dumping symptoms, but one aspect of Glazebrcok
ard Welbourn's (1952) work is cpen to criticism, Dumping was irduced
in all the patients given hypertonic glucose: thus there was no way of
comparing the motor activity during an attack of dumping with the
response of the small bowel to glucose in the absence of symptoms of
dunping, On the other hand, it should be rvemembered that the raodioc-
logicsl findings of Glazebrook and FWelbourn (1952) receive support by
some later work (Wallensten et alii, 1959).

The combined method has also been usged to study the motility of
the colon.  Chaudhary and Truelove (1961b) published a preliminary
report on the simultansous use of intre-luminal pressure tracings ard
cineradiography., The presence of a wave on the tracing was sssociated
with movement of the colon in the vicinity of the recording tip; the
higher the wave the more pronounced was the movement, Big waves were
associated with propulsion of bowel contents, In a later report
Ritchie, Ardran amd Truelove (1962) enlarged on these findings and
Submitted a classificetion of the various types of motor activity seen
in the colen together with & discussion of their physioclogical

Significance.
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5. Electromyogrephy

This method of studying intestinel motor activity hes been widely
used in animal work (Milton and Smith, 1956; Holedsy, Volk ard Mandell,
1658; Daniel, Carlow, Wachter; Sutherland and Bogoch, 1959), and it is
of fundsmental importance in ellowing motility to be studied by a
different approach. It provides information about the electricel
events which pfecede and coincide with the contraction of smooth muscle
cells rather then about the pressure changes which result from this
contraction as manometric studies do., Its application to man ﬁas so
far been rather limited, although studles have been performed on the
exposed gut during laparotomy (Deniel et alii, 1959) and also on the
amall bowel in its natural state (Colcher, Goodman and Katz, 1959;
Daniel, Honour and Bogoch, 1960),

Milton and Smith (1956), working with exteriorised small bowel
loops in dogs, described two kinds of electric potentials; a slow
wave-like regular potential and a rapid spike potential, Milton and
Smith (1956) were particularly interested in the nature and origin of
the slow potentiel which, as they observed, occurred at a fester rate
in the duoderum then in the ileum., They showed, that if the gut was
clamped transversely.or if ring infiltration with a locel ansesthetic
was performed, the rate of the slow potentials decreased distal to this
*functional block', This, in their opinion, supported the concept of
& pace-maker arca of the smell bowel, probably located in the duodenum
in the region of the ampulle of Vater, The pace-maker was thought to

control the frequency of the rhythmical contractions of the small bowel
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although ectopic foci could easily be produced by the local application
of heat to the ducdenal wall at any level,

Holadey et alii (1958) were of a different opinion regarding the
origin of rhythmicity in the small bowel, In addition to animal work,
they described a method suitable for electromyogrephy of the intestine
in unansesthetised humansg, By securing unipolar electrodes to the
surface of balloons attached to a double lumen tube, they were able to
make simultansous recordings of electrical activity and intra-luminal
pressure {luctuetions., The recordings were said to have been success-
ful although nome were published. Holaday ot alii (1958) agreed on the
two basic types of electrical activity, the slow regular fluctuations
and the rapid spike potentials, In exteriorised bowel loops the latter
were invarigbly accompanied by visible contractions and were thus action
potentials of the muscle fibres, They were augnmented by drugs known to
increase intestinal motility such as acetylcholine and Prostigmine and
abolished by atrecpine and Banthine, both known depresssnts of intestinsl
notor activity., Action potentials were not seen when the torus of the
bowel was rsised by morphine, providing that the tomus rise was not
accempanied by contracticns,

The low potentials, Holaday et alii (1958) postulated, represented
cyclic alterations in the resting potential of the smooth muscle fibres
rendering these alternatively excitable and refractory. They were thus
considered to originate in the muscle fibres themselves and as expected,

were not affected by drugs. Holedsy and his cclleagues (1958) believed
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that the capability of altering its state of electrical excitabllity
was inherent in each smooth muscle fibre, and hence disagreed with

the concept of a pace-makexr controlling the rhythmicity of small

bowel movements. For movenents necessitating the participation of a
nunber of bowel segmeaents simultaneoﬁsly or in rapid succession, such
as the peristaltic rush and gastro-colic reflex, they postulated e
mechanism subserving the coordination of multiple segments. They
suggested, that the extrinsic nerwve supply of the bowel together with
the intra-mural plexuses of Auerbach and Meissner assumed this f'unction,
particularly as they could show that intra-arterial procaine which
blocked the intra-mural plexuses led to a disruption of coordinated
movements without affecting rhythmic contractions. Thus, Holaday et
alii (1958) concluded that one mechanism, probably inhersnt in smooth
muscle, was responsible for rhythmic contractions and another governed
coordinated activity.

Daniel et alii (1959) accepted the concept of a pace-msker in the
duodenum, but considered that the slow potentials wers under the
control of a pace-moker only in the upper part of the small bowel,
They conf'irmed the finding of Holadey et alii (1958) that rapid spike
potentiels only occurred when the gut was demonstrably active.

In summary then, it appears that the slow potentials represent
fluctuations in the resting potentials of smooth muscle cells, Whether
8 pace-maker exerts eny influence on the rate of these cyclic

fluctuations or not remains a matter of argument, There seems, however,
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to be no doubt that spike potentiels represent musculax activity,
whether they originate in the longitudinal muscle or in the myenteric
plexus (Deniel et alii, 1959)., As the action potentials are
presumably governed by the slow waves and occur only in the relatively
positive phases of the slow waves, and as the smooth muscle is
probably in itself capable of altering its state of excitability
(Holaday et alii, 1958), it seems likely that action potentisls do
originate in the muscle cells, The role of the intra-mural plexusss
and the extrinsic nerve supply is most likely that of a coordinating
mechanism for motor activity involwving the integrated action of
multiple bowel segments, although surgical vagotomy does not altex
the electromyographic pattern of the small intestine (Colcher et elii,
1959).

6. Miscellansous

The extensive literature concerning in vitro studies of motility
and studies on experimentsl animals will not be reviewed in detail,
In vitro studies using isolated huwnan intestine (Streeten, Hirschowitz,
Henley and Pollard, 1957; Fishlock and Parks, 1963) and animal
intestine (Koelle, Koelle and Frisdenwald, 1950) have provided
information shout the effects on motility of acetylcholine (Fishlock
and Parks, 1963), cholinesterase inhibitors (Koelle et alii, 1950),
noradrenaline, histamine, and serotonin 5-hydroxytryptamine (Fishlock

and Parks, 1963) and afferent and efferent vagal stimulation (Harper,
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Kidd end Scratcherd, 1959). In vitro work has also clarified the
intrinsic reflex arc which mediates the peristaliic reflex (Bﬂlbring,
Lin and Schofield, 1958) and in vitro studies led Alvarez (1914, 1919)
to postulate the presence of a metabolic gradient as the cause of
peristalsis.

In vivo enimal studies have been undertaken to elucidate the
effect of induced hyperthyroidism (Fetter and Carlson, 1932; Fetter,
Barren end Carlson, 1932) and of surgical vagotomy (Muren, 1956) on
gastro-intestinal motility. Reid, Ivy end Quigley (193Lk) used a
simple but ingeniously devised 'spiral bolus' or 'gyrometer' to prove
that, at least in the dog, propulsion along the small intestine was
always associated with counter-clockwise rotation.

There are four methods of studying human gastro-intestinal
motility (apaxt from those described in sections 1 to 5 of this
Chapter) which are no longer in use, but nevertheless merit a brief
commentary,

The advances in the design of external pressure transducers led
to the development of miniature electric and electromagneatic transducers
for use in the lumen of the intestine (Abbott, Hartline, Hervey,
Ingelfinger, Rawson and Zetzel, 1943; Quigley, Brody, McKay,
Landolina and HeAlister, 1950; Hightower, 1952), These enjoyed a
short vogue but the technical problems of supplying electrical energy
through a swallowed ceble prevented their general use,

Farrar and Ingelfinger (1955) made a study of gastro-intestinal
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notor activity by strapping a microphone to the abdominal wall of their
patients and recording the sounds produced in the stomach end intestine
on magnetic tope. This method led to the introduction of 2 now
clgssifications instead of referring to waves of types I, II and IIT,
Ferrer and Ingelfinger (1555) now spoke of "steccato pops", “musical
pings® and "series of pops". However, since sounds are produced by
contractions ordy if' the intestine conteins gas, the method was not
accurste enoush to warrent further development,

Wenger, Engel, Clemens and Cullen (1961) let their patients
swallow e small magnetic rod, The contractions of the stcmach caused
changes in position of the rod which were detected by a magneto-meter
outside the bedy end recorded. The sensitivity of the equirment was
high end movenents of less than one degree could be detected; however,
the amplituvde of the contractions could not be measured. Although
not suliteble for use in the small bowel, this method gppears to be
quite a sensitive indicator of gastric motor activity which, beceuse
of the low pressures genereted, is difficult to assess by more
conventional mesans.

Direct observation is the simplest ard easiest method of essess-
ing the motiliiy of the gut. However, objective measuremnents cannot
be made by this methed alone. Its applicability to unanassthetised
human beings is obviously limited and observation of the gut at
loperotomy tells us little about normsl bo&el function, In animals,

however, dircet observation of exteriorised intestinal loops can be
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combined with photogrephic recording (Faik, Grindlay and Mann, 1950),
WVeeks (1946) had the opportunity of studyirg a wounded Arsb
soldier in whom two lcops of ileum, the transverse and sigmoid colon
and & subsequent colostemy wexre visible, Weeks observed the reaction
of the bowel to various drugs, local stimulation and changes in the

patient's mentel attitude,

Prolonged sigmoidoscopic observations of the motor activity,
vascularity and secretion of the colon were made by Alny end his co=-
workers (Almy and Tulin, 1947; 'Almy, Hinkle, Berle and Kern, 1949b;
Alry, Kern and Tulin, 1949%a; Almy, 1951), They were particularly
interested in the xesponse of the colon to stress such as conflict-
producing intexviews, immersion of the hand in ice water, or headache
induced by a headbard, Such measures induced spasm of the sigmoid
colon in all of a group of seven normal volunteers (Almy and Tulin,
1947). Later the study wes extended to include 39 patients with
spastic constipation (Almy et alii, 1949%) and 39 normal subjects
(Mny et elii, 1949a). In both of these studies balloon kymography
Wes used as an ancillary in the assessment of motility, Increased
motility under stress was found in a proportion of the subjects in
both groups but comperison is made difficult by the unequal and often
small rumbers subjected to the various kinds of stress. A further similar
study was underteken in 1951 (Almy, 1951). As a result of these
investigations Almy and his associates made the followirg conclusions,

1.  Both in healthy persons and in patients with spastic

T rre————
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constipation the nature of the reaction to experimentally
induced stress is the same. The difference between the
two groups is in the degree of reactivity, patients with
colonic symptoms reacting more easily becsuse of a
aifference in personality (Almy et alii, 1949b).
Patients with spastic constipation are tense and rvact
to stress with hostility, aggression and sigmoid spasm.
In contrest, patients with functional disrrhoeca are
soft-spoken with superficiel sttitudes of guilt, a sense
of personal inadequacy and reduced colonic motility
(Almy, 1951).

Functionel colonic¢ discxrders are thus no more a disease
of the colon then blushing is a disease of the skin
(Almy, 1951).

However, elthough Almy end his associates carried out their

experiments with great persistence and ingemuity, their results are

mainly presented in the wey of isolated illustrative case reports,

Most of their measurements were subjective and the belloon studies

are inadequate, beceause only one balloon was used and no attempt was

mede to quantitate the total duration of activity. Furthermore, the

nerner by which they produced stress seems far removed from natural

8tress, though it must be conceded that it is probeably impossible to

quantitate stress and often difficult to judge its presence.

Wener and Polonsky (1950) and Wener, Morton and Polonsky (1952)
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mede prolonged observations on ons patient with ulcerative colitis
who had hed a colostomy. They attempted to correlate the vascularity
and motility of the colon with the emotional state of the patient,
They obsexved their patieﬁt both before and after a surgical vagotomy
had been performed for- the disesse, and found that the resction of
the colon to emotions was similar in both instances, though the
degree of mucosal vascular reaction was semewhat reduced after
vagotomy.  Supporting Almy (1951), Wener aﬁd Polonsky (1950) found
thet feelings of resentment and hostility in their patient wers
generally associated with increased motility., However, whereas Almy
ard Tulin (1947) noted only increased motility under conditions of
painful stress, Wener and Polonsky (1950) observed reduced motility.

A modification of direct observation was employed by Paik et alii
(1950) who studied the effect of vagotomy on small bowel activity in
dogs. They recorded photogrephically the movements of exteriorised
loops of duodermm, jejumum and ileum for three months before end six
months af'ter the dogs had been submitted to surgical vagotomy. They
found that vagal section abolished the normal increase in motility
brought on by the sight and smell of food though not the increase in
motility in response to feeding. Furthermore, peristaltic waves were
fewer and of smaller emplitude after vagotomy. Though having the
attraction for permenent objective records, this method is for obvious
reesons restricted to animal work, and it seems unlikely that direct
observation will be of practicel value in the study of humen intestinal

motility.
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e Commentaxy

It has been shown that a great number of methods have been applied
to the study of intestinel motor function in men. Direct observation
of the gut, large and small balloons, ingestible electricel transducers,
electromyogrephy, microphones attached to the abdominal wall, catheters,
rediology and radiotelemetering capsules have all been employed to
furnish information about the motor funetion of the digestive tract,
Many of these methods are now of'histoficel interest only, rendsred
obsolete by the progress in medical physiecs. Those that remsin in
use all have their limitations which must be clearly eppreciated if
reliable information is to be gained,

As large as the rumber of methods that heve been used is the
field to which they have been applied. Motility has been investigated
in conditions such as peptic ulceration, idiopathic and tropical sprue,
coeliac disease, mucoviscidosis, ulcerative colitis, congenital mega-
colon ard the irritable colon syndrome, The effect of drugs such as
morphine, atropine, sdrenaline, prostigunine, mecholyl, probanthine,
S5-hydroxytryptamine and placebos has been studied, So has the
response of the gut to food, sleep, pain and emotional upsets; ealso
alterations in motor function following vagotomy, splanchnic resection
and partiel gastrectonmy.

In spite of the timc and effort spent in these studies and the
nass of dats accumulated by a large number of workers, our progress in

the understanding of the motor function of the gut has been disappoint-
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ingly slow. Alresdy in 1898 Gritzner forecast that ™many a flash
must come from the Rintgen tube before the normal movement of the
intestinal contents is made entirely clear by this method". Perusal
of some of the more recent reviews of intestinal motility reveals
that Gritzner's feelings are still echoed by workers in this field
(Code, Hightower and Morlock, 1952; Chaudhary and Truelove, 1961a;
Connell, 1961a; Texter, 1963).

To make further progress in the field of intestinal motility,
the following points need consideration:

Firstly, the classification and enalysis of pressure waves must
be uniform if comparison between the results of different workers is
to be possible. Templeton and Lawson (1931) classified the waves
recorded from the large intestine of the dog into types I, II and
tonus changes, This division was later adapted for work in man by
Adler, Atkinson and Ivy (1941), the tonus chenge being called tyve
IIT. Later type IV waves wers described both in the small bowel
(Code et 2lii, 1957) and large bowel (Sprizgs et alii, 195%; Kern
et alii, 1951). The classification of waves has been done by
inspection of pressure tracings obtained with widely different
techiniques, and it is therefore not surprising that the character-
istics of waves of types I to IV differ markedly from one author to
the next, It iz now generally agreed that although it is frequently
Possible to recognise waves corresponding to types I, II and IIX
Tespectively, accurate classification of all waves is not possible

(Davidson et alii, 1956b; Chaudhary end Truelove, 1961b; Barbero et
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glii, 1958; Farrar and Bernstein, 1958; Connell, 1962), The only
objective way of_analysis is to measure the amplitude and duration of
g1l waves and to plot their distribution according to these character-
istics.

Secondly, information is needed on problens of fundamental
importance: what relationship do changes in intra-luminal pressure
recorded as waves bear to motility of the bowel?; can the function of
6 wave in terms of propulsion, mixing etc. be inferred from its kymo-
graphic appearance?; and is movement of the bowel contents dependent
not so much on the strength and duration of a contraction as on the
resistance off'ered by adjacent seguents of the gut?

To these questions we have as yet no valid answers., In the past
the assigrment of function to the various wave forms has come largely
from the observation of expulsion of faeces or flatus through artificial
stomas (Possy et alii, 1948) and is therefore of limited value.
Recently, correletive cineradiographic and manometric studies of
colonic motility have been done (Chaudhary and Truelove, 1961b;
Ritchie et alii, 1962) but the technique has not yet been applied to
the small bowel, With the exception of Chapman and Palazzo's (1949)
work, already discussed in Chaptexr II (4), no information based on
correlative studies of motility of the small bowel is available in the
literature,

Thirdly, the pattern of motility in normal subjects must be

established., This includes the range of variation between different
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subjects as well as the variatién in repeated recordings done in the
sane person under identical conditions, As mentioned in Chapter II
(zb), until recently most measurements of pressure changes in the
intestine were done with the balloon-manometer system. This, although
capable of dotecting qualitative changes in motility, lacks the
1linearity and frequency response necessary for quantitative analysis of
the data, Thus at the present moment there areibnly three quantitative
reports of colonic motor activity in normal subjects: two concerning
children (Davidson et alii, 1956b; Kim and Barbero, 1963) and ons
concerning adults (Chaudhary and Truelove, 1961b,c,d). In respect of
the small bowel, information is even more meagre; the only quantitative
analysis deals with duodenal activity monitored through a single
recording tip in children (Barbero et alii, 1958).

Fourthly, with respect to intra-luminal pressure rescoxdings, the

greater part of the intestine is still terra incognita. This applies

particularly to the lower small bowel and the proximal colon which,

in the absence of surgically created stomas, are practicelly inaccess-

ible to pressure recoxrding. With the introduction of the radio-

telemetering capsule, this matter will no doubt be rectified,
Attention to these four points is a prerequisite for the study of

problens such as the physiological function of different wave forms,

the relationship between motility and sbsorption, and the changes in

motility in various disorders of the gut.
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Purpose of the Investigation

Alterations in intestinal motility have been postulated in a
mumber of alimentary disordexrs. Two of the most common of these
disoxrders are the dumping syndrome following gastric surgery and the
irritable cclen syndrome;

The early dunping syndrome is one of the most frequent and
troublesome complications of partial gastrectomy. It is more common
with the Polya than the Billroth I type of anastomosis (Cepper and
Welbourn, 1955). Following gastric resection most patients experience
o sensatlon of abdominal fullness after eating, This can be regarded
as physiological and tends to diminish with time., However, in many
patients the ingestion of sweet or liquid foods is followed by a
sensation of ebdominal fullness, drowsiness, weakness, palpitations amd
sweating,  Abdominal colic, borborygml and explosive diarrhoea may
also be present., These sympioms constitute the early dumping syndrome
which in one particular study was found in 19% of patients who had hed
& Billroth I partial gastrectomy and in 2% of patients after the
Polya operation (Capper and Welbourn, 1955).

The importance of the dumpihg syrdrome is three-fold. Firstly,
the subjective discomfort makes the patient less satisfied with the
result of an otherwise successful operation. Secondly, the symptoms
nay dbe severe enough to decrease his capacity for work; this aspect is
highly relevent es in meny instances the operation has been performed

to restore the earming capaclty of a patient disabled by persistent
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ulcer pain, Thirdly, a restriction in food intake may be self-
imposed by the patient with moderate or severe symptoms of dumping,
Consequently his state of miirition, which is often impaired at the
time of operation, may not be corrected and may even deteriorate
further. However, it should be emphasised that although at times
sovere symptoms persist long enough to warrant operative reconstruci-
ion of the enastomosis, this ia the exception, and in most patients
the intensity of the dumping syndrome diminishes with time.

The drritable colon syndrome is another condition in which
disturbed motility has been considered of importance. The term
embraces a mmber of manifestations of colonic dysfunction in which no
organic disease can be demonstrated. The condition is characterised
by ebdominal pain, constipation and diarrhoea, alone or in varicus
combinations, Hany factors have been thought imporiant in its
aetiology: psychosomatic disturbance (Kalser, Zion and Bockus, 1956);
rrevious bacillary and amoebic dysentery (Chaudhary and Trueclove,
1962); dintolerance to specific foods (Truelove and Reymell, 1963);
previous sbdominal operations; and the administration of broad-
spectrun antibiotics (Kalser et alii, 1955)., The irritable colon
syndrome has many Synonyms, some of which are mucous colitis, spastic
colitis, colonic nsurosis, the unhappy colon, nervous diarrhoea and
dyssynergia of the colon. These synonyms reflect the wide range of
¢linical manifestations of the disorder ami the many factors which have
been dmplicated in its astiology.

It is diffiocult to obtain an accurate impression of the prevalence
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of the irritable colon syndr;me as a definitive diagnosis requires
complete exclusion of organic alimentary disease. Therefore a well-
docunented diagnesis will usually be made only in those instances in
which the symptoms are severe enough to make eithar the patient or
his medical adviser request a full diegnostic study.

The work on which this thesis is based concerns a number of

aspects of motility in health and disesase:

the study of motility using intra-luminal pressure recordings

and cineradiography, separately and together;

the guantitation of motility recordings by the measurement
of the amplitude and duration of all waves, and the
calculation of the percentage motor activity, the motility
index, the mean amplitude of waves, the mean duration of
waves and the distribution of waves on the basis of amplitude

end duration;

the study of the range of motor activity of the small and large
intestine in noxmal subjects and the effect on motility of

emotion, food and Prostigmine;

the study of the behaviour of the small intestine in patients
who have undergone partiel gestrectomy with particulsy

refererce to changes in motility during the dumping syndrome;
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the study of motility of the large intestine in patients with
the irritable colon syndrcme and in patients with a variety

of dissases affecting the alimentery tract;
the study of the mechanism of constipation and diarrhoce;

the application of radiotelemetering to the study of relatively
inaccessible parts of the intestine, in particular the proximel

colon;

the correlation of wave forms in the motility tracings with

the appearance of the intestine at cineradiography.

It is believed that the results of these studies have made a
contribution to medical knowledge, particularly in the quantitative
comparison of the motility of the small intestine in normal subjects
end in petients following pertiel gestrectomy, the behaviour of the
lerge bowel in conditions associated with diarrhoea, and the correl-
ation of intra-luminal pressure recordings of the small intestine with

their cineradiographic counterparts, N

I declare that this thesis is my own composition and that none
of the material contained in it has been submitted for any other degres

or diploma in any University.
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Methods

In this study motility of the small and large intestine was
assessed by two methods: by recording the intra~luminal preasure
changes with either open ended catheters or radiotelemetering capsules
or both of them; and by image intensification cineradiography. In
many of the experiments pressure recordings and cineradiography were
uoed simultansously,

1. Generel Description

FPigure 2 shows dlagremmatically the gensral erraengement of the
equipment that was used for studying motility., Three open ended
polythene catheters filled with normal saline were placed in the part
of the intestine to be studied, The catheters were connescted to
Stetham strain gauges. The changes in pressure within the intestine
were transmitted by the saline in the catheters to the transducer
diephragm of the strain geuges. The electrical current induced in
the strain gauges by the chenges in pressure was fed into a Grass four-
channel polygraph where it was amplified and recorded by direct
writing pen recorders. The fourth channel of the polygraph was either
used to amplify and record the output from the radio-pill receiver orxr
to record respiration. The pressure fluctuztions covld be momitored
through the polygraph with a cathods-rsy oscilloscope. A Philips 11
ineh closed-circuit television image intensifier coupled to a 35 mm.

Arriflex cemera wes used for simulteneous cinerediography.
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Figure 3: The catheters used to record intraluminal pressures
in the small intestine.
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2, Recording Catheters

In studles of the small bowel three flexible polythene catheters
with an internal diameter of 1,5 mm., and an externel diemeter of 2.5
mm, were fixed together with ties of surgicel silk, The moszt distal
cotheter caxrried a terminsl perforated brass ring to which a latex
balloon containing 2 - 4 cc. of mercury was attached to facilitate
trensport through the upper intestine (Blankenhorn, Hirsch and Ahrens,
1955),  Bight centimetres from the attachment of the balloon two ports
of 1.5 hm. diameter were drilled through the catheter and surrounding
thin brass capsule to constitute the first recording tip. The lumen
of the catheter between this tip and the belloon attachment wes
oblitereted with a wooden plug. The tips of a further two catheters
were covexred with hollow bress cylinders through which laterel ports
1.5 mm, ir diemeter had been bored.

The catheters were tied to the first so that their open ends lay
at distances of 7 cm, and 14 cm, from the first recording tip., The
distence of 7 cm. from one recording tip to the mext was chosen because
the work of Posey and Bargen (1951) suggested that the length of the
functional segment of the human small bowel was appro#imately 5 em,
The catheter essembly, shown in Figure 3, measured 150 cnm.

The catheters which were used to record intra-luminal pressure
in the large bowel were fashioned in a similar menrer. Three lengths
of 1,5 mm, bore polythene tubing were held together by brass rings in

such a wey that the three reoording tips, each oné covered by a brass
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capsule with terminal and latersl ports, were 7 cm. apart, The

1ength of the assembly was 150 cm, The catheters were syringed gently
with normal saline if the recording tips became blocked, The rate at
rhich this occurred varied greatly, but such occlusion was rarely
troublesome and its presence could easily be determined by inspection
of the pressure tracing,

3, The Pressure Transducers

The P23AC strain gauges, manufactured by Stathsm Instruments Inc.
of Puerto Rice, had a pressure range of O to 75 cm. Hgs They were
connected to the catheters through three-way taps so that the satheters
could be syringed without demage to the sensitive diephragm of the
strain gauge., The strain gauges were held by clamps to a moveable
stend and adjusted vertically to the level of the recording tips.

4«  The Polygranh

The four-channel polygraph used was manufectured by the Greass
Instrument Co,, Quincy, Mess.,, U.S,A. Each channel comprised a
5P 1 B or 5P 1 E low level D.C. preamplifier, a 5A driver amplifier
and a direct writing pen recorder. Paper speeds could be varied
tetween 0,25 mnm, per secord and 100 mm. per second. In this study the
poper speed was 0,5 mm, per second. However, during exposure of the
¢ire film speeds of 2.5 mnm. bPer secord and 5 mm, per second were used
to facilitate subsequent correlative analysis,

The polygroph wes calibrated before each recording, The sensit-

ivity wes chosen so that each millimetre of Pen deflection corresponded
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Flgure 4
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The comparative sizes of the radiotelemetering capsule
(centre ), the hearing aid battery used to power the

capsule (left) and a sixpenny piece (right).
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to a pressure of 1 mm, Hg, In the beginning of the work the fourth
channel of the polygraph was used to record respiratory excursions and
body movement., However, it wes found early in the study that with
experience contimiocus observation of the intra-luminal pressure traces
ellowed various artefacts to be distinguished from true intra-luminal
pressure waves. The use of the stethograph was therefore discontinued;
later in the study the channel was adepted to teke the output from the
radio-pill receiver for combined catheter and radio~-telemetering
studies.

5. Radiotelemetering aquipnent

The radiotelemetering capsule (Figure 4) used in this study was
mamufactured by the Solartron Electronic Group, Hents., Englerd, and
hes been described by Commell and Rowlands (1960). It consists of a
frequency modulation sub-miniature transmitter powered by a mercury
cell (Mallony R 312) and enclosed in a berspex casing measuring 25 x
'8.8 mm, One end of the casing is formed by a pressure sensitive
berspex diaphragm., The disphregm carries the disc of the ferrite pot
core ‘which is the transducting element, When Pressure is exerted on
the ceapsule the diaphragm bends, the ferrite disc moves and changes the
inductance and hence the frequency of oscillation of the transnitter,
The radio signal is picked up by an externsl loop aerial which is held
¢lose to the patient's abdomen.

According to the manufacturer's specificetions the capsule has a
Pressure range of O to 100 cm. of water with a mean sensitivity of 0,35

Ke per second per ¢, of water, The 'life' of the battery is at least
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Figure 5:  Calibration trace of radio pill, Calibration performed
at 37.5°C and 37°C; thereafter intermittent pressures
of 50 mm, Hg, were applied. Paper speed 2,5 mm, per
gecond, Thus one small Square equals 2 seconds,
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36 hours, and in this study many capsules continued to operats after
50 hours;

The redio-pill receiver (Solartron E.I.L. Model 70A) was con-
structed by Electronic Instruments Lid., Richmond, Surrey. It
provided for recordings of signal strength as well as pressure. Audio
monitoring of signal strength was also possible. In the present study
it was found that positional changes of the pill leading to "loss of
contact" could be identified through the audio signal of the receiver,
Since the pill was used mainly to study the low ileum and proximal colon
vhere positional and pressure changes are rather infrequent, the signal
strength was generally not recorded, This allowed pressure traces
from the capsule and the three catheters to be recorded simultancously
on the four-channel polygraph. Any ong of the four channels could be
monitored by connecting the corresponding driver amplifier to a cathode-
ray oscilloscope with a five~secornd scrsen transit (Both Equipment Ltd.,
Adelaide, S.A.)

Each pill was calibrated before use. After activation the battery
voltage was allowed to stebilise at body temperature over a minimum
period of 30 mimutes. The pill was then sealed and placed at a known
depth in a conteiner with water at 3700. The contalner was enclosed
in an sairtight perspex box connected to a sphygomomanometer, By
means of a hand bulb known pressure increments were added snd the
resulting graph (Figure 5) was kept for analysis of recordings made

with that particular telemetering capsule.
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6. Inage Intensifiexr

A Philips 11 inch closed circuit television image intensifier
was coupled to an Arriflex 35 nmm. cine camera, For screening the
image intensifier was operated at 100 KV and 0.5 mA with a half value
thickness of 3.5 mm, Al, With these settings and a medium sized
field the measured meximum dose rate to the patient's skin was 1,5 r
per mimute., In an attempt to reduce radiation the smallest field
possible was used and screening time was kept to & minimuwa., No
women in the reproductive age were subjected to cineradiography, and
in male patients the gonads were protected by lead shields.

7. Quantitative Analysis of lotility Records

For quantitative analysis of intra-luminal pressure changes
recorded with open ended cathetors the tracings were inspected to
identify and exclude artefects due to body movements, coughing and
deep respirations, Next, the amplitude and duration of all pressure
waves were measured and the motor activity was calculated separately
for each lead, In this thesis the term lead refers to the pressure
trace recorded through a single catheter. Lead I, II and IIT thus
refer to the traces recorded through the three catheters. Lead I is
the trace obtained from the most distal catheter, and lead IIT is the
trace from the most proximal cathefer. Lead II refers to the record
from the intermediate catheter, fhus in the smaell intestine, lead I
would epply to the catheter furthest down the jejunum, whereas in the
large intestine lead I would refe® to the catheter furthest away from

the ams,
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The following paremeters of motility were calculated separately

for each lead:

Percentage activity:  this represented the proportion of

the recorded time during which motor activity was observed. It was
calculated by adding together the duration of all waves and expressing
the sum as a percentage of the recorded time;

Motility index:  this was calculated by multiplying the

amplitude and duration of each wave and dividing the sum of the
products by the recorded time. The result of this division was

then arbitrarily divided by 10 to yield a less cumbersome finel figure,
Thus:

motility index = Z n (AxD)

T x 10

=
n

where wave amplitude

D = wave duration

3
L]

time of recording in mimtes

n = nmmbeyr of waves during T

Consequently, the motility index was a means of expressing motility
teking into account both the amplitude and the duration of the pressure

wavess

The mean amplitude of the waves was obtained simply by

adding the emplitude of all waves and dividing the sum by the mumber

of waves;

Similarly, the mean duration of the waves was calculated by
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sdding the duration of all waves and dividing the sum by the mmber of

wavesy end the distribution of waves was determined on the basis of

axplitude and duration, As may be seen from the record sheet (ALppendix
A) subdivisions of 5 mn. Hg. were used for amplitude &nd subdivisions
of 5 seconds for duration, However, it was found that the number of
subdivisions became too large for grephic presentation of the results
and thus in the final analysis all waves were subdivided as follows:
Tha categories chosen for pressure waves from the smell intestine were
0 to 10 mm, Hg., 11 to 20 mm, Hg. and over 20 mm, Hg. {or amplituds;
0 to 10 seconds, 11 to 30 seconds and over 30 seconds for duration,
In the distribution of waves from the large intestine the corresporsdi-
ing categories were O to 10 mm, Hg., 11 to 20 mm. Hg. and over 20 mm,
Hig, for amplituds; O to 15 seconds,. 16 to 30 seconds and over 30
seconds for duration. The number of waves in each category was
expressed as number of waves per hour, For the large intestine, an
sttempt was made to make the subdivisions of duration conform with the
reported durations of type I, II ard III waves (Spriggs et alii, 1951;
Code ot alii, 1951), However, such a choice must remain arbitrary
since there is not complete sgreement on duration of these waves.

In regaxrd to the small intestine, the first category (duration O
to 10 seconds) corresponds to type I waves (Foulk et alii, 1954);
vaves of type III would be found in the subdivisions of 11 to 30
teconds and over 30 seconds (Code et alii, 1952; Foulk et alii, 1954).

Thus, to analyse catheter studies of motility, all waves in the
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tracings were measured and motility expressed separately for each lead
as described above. Finaslly, the mean values for the three leads
were calculated; these values were used in the preparation of graphs
and tables.

Motility tracings obtaeined with the radio-pill were treated in
the same manner except that the calculation of a mean for three leads
could not be applied.

Results were analysed according to the statistical methods
outlined by Bailey (1959).

The X-ray cine films were studied on & Philips viewing table and
o mmber of the 35 mm. films were reduced to 16 mm. width to make
screening with conventional projectors possible,

A record sheet (appended) was designed for the study. The
clinical details, results of laboratory and radiological investig-
ations, technical details of the procedure used in recording intre-
luninal pressure fluctuations and the data obtained were all recorded
end coded on this sheet. For practical reasons the record shecet was
designed and printed at the commencement of the study, and some of the
sub-headings were found to be superfluous in the final analysis of the
motility tracings. Nevertheless the record sheet greatly facilitated

the rather complex ard time-consuming enalysis of the results,
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Figure 6:

The sxrangement of the recording equipment for catheter
studies of the large intestine.
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The equipment used for combined manometric and cineradiographic
studies of motility.,



S 7 BRI

80

Matoriel

4, Procedure

Preparetion of poetients

A1l small bowel studies were begun at 2 pem., the patient having
fasted after a light breskfast, The same procedure was followed in
most studied of the lawge bowel, but in & few instances the experiments
wore commenced at 10 a.,m. No enemata or aperients were used.

Cotheter studies of the large bowel were dones with the patient lying
supine on & couch in a quiet room in the Department of Hedicine (Figure
6). Catheter studies of the small bowel and combined manometric and
cineradiographic studies were done in the X-ray department of the

Royal Adelaide Hospital (Figure 7).

Introduction of pressure recordinz devices

At the beginning of the procedure of intubation of the small
intestine, the pharynx was anaesthetised with a Y% solution of Ligno-
ceine, The lubricated mercury bag and catheters were then introduced
through the mouth. The catheters were guided into place under fluoro-
gscopic control by positioning the patient, The duration of this
procedure varied from two mimites (in some patients with a Polya-type
partial gastrectomy) to one hour. If the catheters could not be made

to pass the pylorus within one hour the attempt was abandoned,
Before experience had been gained with the technique, attempts at

intubation were unsuccessful in three patients; these patients have

been excluded from the atudy. Thereafter, in 33 of 36 consecutive
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Figure 8:

Radiograph showing the position of the
catheters in the small intestine,



Figure J:

Radiograph showing the position of the
catheters in the large intestine. The
highest catheter is outlined by radio-
opaque contrast medium,
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patients the catheters were successfully introduced into the small
powel, However, in ons study (case 7) & mechanical fault developed
in the polygraph; hence 32 catheter studies of the =mmall bowel were
done, Of the three failed attempts at intubation, two occurred in
patients with active peptic ulceration in whom the pylorus could not
be negotiated; these patients were excluded from the study. The
renalning patient had hed a partial gastrectomy ard was unable 4o
swallow tha catheters, In this patient only cinerasdiography was
performed.

When the recording tips were in a satisfactoxry position the
cetheters were perfused with saline, conmected to the strain gauges
end the recording was begun, Figure 8 shows the mercury bag end the
redio-opaque recordling tips in the small bowel., The aim was to place
ell three tips in the jejumum, but on occesions this was not possible,
one or two remaining in the duoderun,

In the large bowel studies signoidoscopy was performed and the
appeerances of the rectum end sigmoid colon were noted. The catheter
a3gembly was introduced through the sigmoidoscope, ard the highest
recording tip came to lie at a distance of 20 to 25 cm. from the anus.
The sigmoidoscope was withdrawn, the catheters were taped to the
patient's buttocks, perfused with seline and comnected to the strain
g€auges.  Recording was begun half en hour later. Figure 9 shows
the arrangement of the catheters in the large bowel,

In combined radiotelemetering and catheter studies of the large
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bowel the radio-pill was either swallowed "free" or attached to 13
feet of surgical silk, This length of s8ilk was generally found to
arrest the capsule in the proximal peart of the colon., The position
of the capsule was checked by fluoroscopy four to five hours after the
patient had ingested a small amount of barium. When the radio-pill
was in the desired position the catheters were inlroduced into the
large bowel, es already described, emnd the recording started. There
was considereble verdation in the time teken for a capsule to pass
through the smell bowel, However, it was usually possible to obtain
a record from the terminal ileum or proximel colon by allowing 36
hours for the passage of a capsule attached to silk,

Phasea of pressure recording and cinerediogrephy

A standaxrd sequence of recording was followed, the experiment
being divided into the following four phases:
1. the basal activity or "resting" pattern of motility;
2. the motor response of the intestine to a discussicn
of emotionally charged topics;
3 the response to a standard meal;
L4, the response to a placebo and Prostigmine.
Cineradiogrephy of the smell bowel was usually done after phase 3
but it was often found that in the large bowel only phase & provided
enough motor activity for cineradiography.
The resting pattern was recorded for at least half an hour to

Provide the basal level of activity of the intestire,
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During the cmotive interview, which lasted twenty mimutes, both
noutrel topice ard presumedly disturbing ones were discussed with the
patient, These topics ranged from the patient's occupation and
hobbies and his sccial and financial embifions to fear of disease and
traumatic experiences in adolescence and in marrieﬁ life, An attempt
was made te conduct the interview at the seme level of intensity with
all patients rather than to try to elicit an obvious emotional response
in every case. In studies of the small bowel the emotive interview
was ebondoned as the presence of the catheters in the pharynx made the
patient disinclined to talk,

In the third phase of recording the response of the intestine to a
standaxrd meal was studied fer 30 mimates., The meal consisted of ons
egg and two teaspoons of suger beaten into eight ounces of milk of
room temperature (Cox and Allan, 1960)., Patients who had had a
partial gastrectomy were positioned at a 450 head up tilt durding this
phase to encourege the onset of "dumping.” All other patients remained
supine,

Cinersdiography of the small bowel was performed after the meal.
The patient drerk 50 to 1C0 ml. of a non-flocculating barium suspension
(Alubar) and the pregress of the contrast medium was followed on the
television screen, The film was exposed when the contrast had reached
the recording tips. © On a few occasions, when gastric emptying was
extremely slow, the contrast was injected through the most proximal

Tecording tip. For cineradiography of the large bowel, 50 to 100 co.
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of Aluber diluted with saline was injected through the catheter
furthest eway from the anus, This catheter was then immediately
perfused with saline and reconnected to the strain gauge foxr recording.
All ciperediographic studies were done with the image intensifier
sot at 50 Kv and 9.2 mf with a half-velue thickness of 3.5 mm, Al.
The film was exposed at 16 frames per second for studies of the small
bowel and at 6 frames per second for £ilms of the large bowel., The
beginning and end of the cine period were marked on the pressure

tracing to facilitate subsequent correlative anslysis,

2, Patients investigated

Studies of the small intestine

The control group consisted of seven men. Five were volunteers
from Yatala Labor Prison, Horthfield. The other two were patients of
the Royal Adelaide Hospital, Of the hospital subjects, one (case 2)
was under investigation foxr haemoptysis; the other (case 6) had
features of a paranocid psychosis, All the control subjects were
apbulant, They did not have a past history of gastro-intestinal
disease or alimentary symptoms at the time of this investigation,

The prison volunteers were all housed in minimum security wards;
they performed light mamal work on the prison farm and were given a
nomeal diet, Most of the prisoners had been remanded for minor
offences arnd none of them displayed obvious personality defects.

The mean age of the subjects in the control group was 28,7 years

with a range of 20 to 42 years. They underwent the following tests:
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No. of Studies
Catheter Studies:
6 (a)
Response t0 £0Od seeesscrace 6 (a)
5

()

Resting pattern ceccecececen

Response to Prostigning seee
CineradiograDhy ecececessccccscscoccnsenes 7
Nineteen petients were studied a number of years after partial
gastrectomy. There were 16 men and 3 women. The ages of the
patients ranged from 38 to 76 years with a meen of 58,7 years. The
type of operation performed was partial gastrectomy with gestro-duodeno-
stomy (Billroth I) in three patients (cases 8 to 10) and partisl
gastrectomy with gastro-jejunostomy (Polya) in 16 patients (cases 11
to 26). Surgical vagotomy had been performed. on only one patient
(case 25). The site of the peptic ulcer hed been the stomach in 6
patients, and the ducderum in 13 patients. The time which had
elapsed since the operation ranged from 1 to 17 years with a mean of
8.7 years., Thus most patients were investigated at a stage when
adjustment to altered anatomy brought on by operation should have

occurred; no attempt was made to study petients immediately af'ter

(a): in case 7 intubation was successful but mechenical difficulties
aid not allow pressure recordings to be carried out, Hence
orily cineradiography was performed,

(b)

Prostignine was omitted at the end of a protracted study.
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The following post-gastrectomy late sequelae were present in this

group:
No, of Patients

03te0POTOSLS eesesesccercocans L
Iron deficlency ansemia ceseoe 3
fegaloblastic anaemls ceceoces 1
Steatorrhioed seeceessssrcscses 1

Eight patients were considered to have the eerly dumping syndrone
(cases 8 to 12, 16, 17 and 25). This diagnosis was based on a
history of abdominal fullness, sweating, weakness and palpitations
following immediately or shortly after a meal and relieved by lying
down, The severity of the attacks was erbitrarily graded as mild,
moderate or severe on the mumber and intensity of the manifestations,
On these criteria, the spontaneous attacks of dumping were mild in
four patients (cases 10, 11, 12 and 16 ) and moderate in a further four
(cases 8, 9, 17 and 25). Thus no patient in this study experienced
severe manifestations of the dumping syrdrome. Of the eight patients
with the dumping syndrome, three hed undergone a Billroth I partial
gastrectomy and five the Peclya operation, In six of the eight
petients with the early dumping syndrome and attack was reproduced
during the motility studies (cases 9, 10, 12, 16, 17 and 25). No
patient who was not prone to spontaneocus attacks of dumping experienced

symptoms during the recording.
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The following tests were carried out on the patients who hed had

partial gastrectomy:
No. of Studies

Catheter Studies:

Resting pattern ececessccossce 18 (a)

Response to food ccecesncceee 18

Response to Prostigmine ceees 9 (b)
Cinerediography scecssceessscssccsssescscsce 17 (e)

Eight patients constituted the miscellaneous group, the

composition of which was as follows:

Case No, Sex Age Diagnosis

27 F 1N Irritable colon - functional
diarrvhoea (no symptems at time
of study)

28 M 32 Irritable colon - functional
diarrhoea (no symptoms at time
of study)

29 M kY Irritable colon - spastic coleon

(no symptoms at time of study)

20 F 57 Longstanding constipation, chronic
purgation, hypckalaemia

(a): intubation failed in one patient (case 18) and only cineradio-
graphy was done.

(v)

Prostigmine was not given to patients who ga&e a history of

ischaemic heart disease, hypertension or emphysema, or whe in
any wey did not appear moderately robust.

(0): cineradiogrephy was omitted in twe pre-menopausal women (cases
11 and 26).
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2 M 38 . Hiatus hernia

32 b 57 Chromic gastric ulcer

D5 F €5 Ulcerative colitis

zh F e Diverticulitis of the colon

Thus, in three patients (cases 27 to 29) a diagnosis of the
irritable colon syndrome was made. This disorder is characterised by
abdominal pain often related to defaecation; bouts of constipation
with the passage of small pellet-like stools alternating with periods
of diarrhoea and periods of noxrmal bowel habits (Chaudhary and
Truelove, 1962)., The symptoms are of'ten brought on or made worse by
emotional tension. TFurthermore, the patient can frequently identify
perticular foods which aggravate the disorder, Patients with the
irritable colon syndrome usﬁally fall into two groups. Patients with
the spastic colon have abdominal pain as their main symptom, and in
addition have constipation vhich slternates with diarrhoea or with
periods of normal bowel habits, Patients with functional diarrhoea
have 1little or no abdominal pain; their main symptom is constant or
intermittent diarrhoca,

Of the three patients with the irritable colon syrndrome, two (cases
27 and 28) had functional diarrhoea, and one (case 29) the spastic
colon, All had normal bowel habits and were free of symptoms at the
time of study. As all three also underwent cclonic motility studies,
a discussion of the clinical details of thelr cases will be found

later in this section (pege 92,.93).
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Onz of the patients in the miscellaneous group suffered from
constipation of more than 20 years' duration and from the effects of
chronic purgation., At the time of study her serum potassium level
was 2,5 mEq./l. as a result of longstanding misuse of purgatives.

One patient, (case 31) had a large hiatus hernia with a reflux
oesophagitis. He complained of constipation for more than 10 years
and used purgatives., He was receiving no drugs at the time of study.

The next.patient, (case 32) had a radioclogically proven chronic
benign gastric ulcer on the lesser curvature of the stomach, At the
time of study his bowel habits were normal, the stools were negative
for occult blood and he was receiving no drugs.

There was ons patient (case 33) with chronic ulcerative colitis
of six months' dugation. At the time of study she had norxmal bowel
habits with no blood or mucus in the stools. The sigmoidoscopic
findings were noxmal although a barium enema showed mild ulceration in
the upper part of the sigmoid colon. There was no anaemia and the
blood sedimentation rate was 16 mm. in the first hour.

The last patient (case 34) in the miscellansous group had
radiologically and clinically evident diverticulosis and diverticulitis
of the signoid colon. She suffered from intermittent abdominal pain
and diarrhoea, although at the time of study she was having only one
formed motion every day without blood or mucus.

The patients in the miscellaneous group underwent the following

studies:
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No. of Studies

Catheter Studies:

Resting pattern tersecssrecsesns 8

Response to food evecscrerscanse 8

Response to Prostigmine ........ 7 (a)
Cineradiography L T X T T T T 8

Thus studies of the small bowel were performed on 34 subjects
comprising 7 normal controls, 19 patients who had undergons partial
gastrectomy and a miscellansous group of 8 patients. The nethods of
study were measurements of intra-luminal pressure fluctuations with
open ended catheters, cineradiography and a combination of the two :
distributed as follows.

No. of Studies

Catheter Studies:

Resting pattern sevveeesneeenns.. 32 (b)

Response to food Cecorcssreancene 32

Response to Prostigmine esescnnes 21
Cineradiography N 32

Studies of the laree intestine

The control group consisted of 21 subjects of whom 19 were men and

3 were women,  Their ages ranged from 18 to 79 years with a mean of

—— e

(a): omitted in case 28.
(b):  4n two patients (cases 7 amd 18) only cineradiography was

Pexrformed.
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37.6 years. Fifteen of the conlrol group were healthy voluntecrs
from Yatale Labor Prison, Northfield. The dlagnoses of the remaining

six conkrol subjecis was aa follows:

Diagnosis : No. of Patients
Multiple myeloma ..ceeeeececcosecs 1
Ischasmic heart disease .....e... 1
Cerebral arteriosclerosis ,,..... 1
Post-infective polyarthritis,,,,. 1
Post-pneumonic pleural effusion , 1
Bronchopneumonia ...eeececesssses 1

These six patients were all fully ambulant at the time of study.
None of them had a past history of gastro-intestinal disease and none
had any elimentary symptoms (indigestion, constipation or diarrhoea)
at the time of study.

Twenty-seven catheter studies were done on the twenty-one
subjects in the control group., Two subjects (cases 44 and 51) had
two separate studies each; another two {cases 35 and 38) had three
separate studies each, The control subjects underwent the following
tests:

No. of Studies

Catheter Studies:

Resting pattern eeeceescecae 27
Response to interview «.e.es 16

Response to £00d seecenssens 23
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TABLE I - Clinical features of 18 patients

with the irritable colen syndrome

5]?&31‘110 00103-1 "DD'.....O"O.........0.0......0000..
f‘-lnc.tiom dialThoea ......l.l..l..ﬂ.ﬂ...0....000000

Sex
male D.‘....BO.....0.....0'0'..'.!.8..QQ.O..O..I.'..

femal-e '....DQ.."....'.’.......‘....GUQ..l.'.'.ﬂ..O

Precipitating cauge

Gmﬂtional trauna .-ac-..oo--eoo---o-.ccoo-ooeooo-ooo
ump@@ified gaﬁtm”enteﬁtis ®0000cvseceocs0senccene

Duration of illness

< 12 mont\hs C‘G.........'Q‘.....'.OO........0...00.
1 ""53’9”3 C..........‘.'.'........0.........0..DO.
5‘10yem‘.a "l.'......'.‘.‘....l..l"‘ll....oll.'.

>10 yeara 0.0‘.....C..'......‘........00...'.!00.0
Symptoms aggravated by emotional stress ®ts60c00sceeccecas

Intolerance to specific foods ... present 0oceesvosvevooe
absent ®ov0000eeesc0c0e

tomatoes '..'.o".............'..0..'."...'.....0.o
milk and milk products $P00cessecccovenstssoesecorse
acid fruits (Sp})-‘.ﬁ’ Oz‘ange, lemon) €@ 6000000000000
alcchol o-ouoooo-ocoooouooooooo-oocoooooooo-oo-ooooo
Oniens, lemonade (each) ®00esces00000000s0000sccosan
eggs, Ga,bbage’ tgbacco, figh (each) esscocsoesecosse

Past surgery on the gastrointestinal tract ecescescecscne

History suggestive of irritable colon in either parent .,

No. of
patients

7
11

ot
S NWE Py o

N o

)
?

N a

18

18
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Response to Prostigmine cceeeeesoes 20

Response to 5-hydroxytryptamine ... 3 (a)

Rediotelemetering cesceccsscosvecces 10
CineradiogropPhy eecscccesesscesocssccssosccscscone 6

Eighteen patients with the irritable colon syndrome were studied.
The group consisted of 11 women and 7 men, Their mean age was 48.6
years with a range of 23 to 75 years. Seven patients had the spastic
colon (cases 29, 53, 54, 55, 58, 60 and 64). The remaining eleven
hod functional diarrhoea (cases 27, 28, 56, 57, 59, 61, 62, 63, 65, 66
and 67). Of 21 catheter studies performed in this group, 12 were
dons when the patients had symptoms of the colonic disorder; 9 studies
were done at a time when symptoms were not present.

The diagnosis of the irritable colon syndrome was based on the
clinical history and on the exclusion of organic disease of the
alimentery tract.

The clinical features of the patients with the irritable colon
syndrome are presented in Table I.

The condition had been present for less than 1 year in six
patients, for 1 to 5 years in five, 5 to 10 years in three, and over
10 years in four patients. It was usually not possible to identify a

cause which may have precipitated the disorder, elthough three patients

(a): The effect of 5-hydroxytryptamine on the motility of the
large bowel was studied in three control subjects (cases

43, 45 ard 51),
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&ated the onset of symptoms to major emotional uphsavals, two to
attacks of epidemic gastro-enteritis of uncertain aetiology, one to an
attack of suspected but not proven bacillary dysentery and one to
abdominal surgery (hysterectomy with division and re-suture of the
lower small bowel),

Twelve patients stated that thelir symptoms were definitely
aggravated by minor degrees of nervous tension; mnine of these patients
hed functional diarrhoea and three the spastic colon,

Eleven patients gave & history of intolerance to particulaf foods,
which invariably precipitated an attack or aggravated symptoms which
were already present. Tomatoes, milk, acid fruits and alcchol were the
foods most commorly incriminnted. Six patients used aperients but
none more frequently than three times weekly, and in no instance had
lexatives been used by the patients in the days immediately preceding
the present study.

Eight patients had had operations on the gastro-intestinal tract
but in none of these patients were the opexrations performed for
symptoms which they currently complained of. As already nentionsd,
there was a close relation in time between the operation and the onset
of the irritable colon syndrome in only one patient (case 59). Only
two patients gave a family history suggesting the presence of the
irritable colon syndrome in either parent.

The exclusion of organic disease of the bowel was a pre-requisite

for including the patient in the irriteble colon group., Therefore a



| PRSI = LT IR

94

sigmoidoscopic examination was pex;f‘omecl in all patients, If there

was ony doubt that the mucosa of the rectum and colon was not normal,
the sigmoidoscopy was repeated on completion of the study and a

specimen of mucosa obtained with Wiood's gastric biopsy tube (Wood, Doig,
Hotteram and Hughes, 1949). No histological sbnormalities were seen in
any of the biopsy specimens taken from patients in this group.

A complete blood count, estimation of the erythrocyte sedimentation
rote and stool tests for occult blood loss were performed in all
patients.

Radiological exemination of the large bowel served to exclude
ulcerative colitis, diverticulitis and carcinoms of the colon. Barium
meal and follow-through studies were done in ell patients in whom the
clinical features or examination of blood and faeces suggested the
possibility of organic disease of the stomach or small intestine., In
approximately half of the patients a barium meal and f'ollow-througt
exemination of the small intestine was performed. Estimations of
faecal fat on three-day stool collections and examination of the stools
for pathogenic bacteris and parasites were performed in most patients
with diarrhoea, FPatients in whom jejuno-ileal insufficiency was
suspected on clinical, haematological or biochemical grounds, wers
subjected to further investigations. These included radio-active
vitanin B12 absorption studies, the d-xylose excretion test, estimation
of the serum folic acid level and, in selected cases, suction biopsy of

the smell bowel mucosa. Biopsy of the small intestine was carried out
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with the Beker-Hughes multiple retrieving tube (Baker and Hughes, 1960)
or the Crosby capsule (Crosby end Kugler, 1957). Where appropriate,
the presence of general medical disorders known to produce symptoms
from the alimentary tract (e.g. hyperthyroidism, hypothyroidism and
diabetes) was confirmed or refuted by the relevant diagnostic tests,

Thus a diagnosis of the irritable colon syndrome was made when
the clinical features suggested this disorder and when organic disease
of the elimentary tract had been excluded as far as it was possible.

The patients with the irritable colon syndrome took part in the
follo%ing motility studies:

No, of Studies

Catheter Studies:

Resting pattern eececcecoscscoccns 21 (a)
Response 10 interview sceeceesccace 18
Response to £00d veeevecoscsssnses 21 (a)
Response to Prostipming ceceessces 18
Radiotelenotering eecscecesoocsecsncsssssessscsce 1
CinexradiofrapPhy eeeecosscecscccacssescecssssssoae 2

The miscellancous group consisted of a total of 29 patients of
vhom 7 were male and 22 fenmale, These patients were studied either

because they had proven disease of the alimentary tract (ulcerative

(a): Three patients (cases 29, 61 and 67) were studied on two

separate occasions.



Case
No.

33
68

69
70
71
72
73
T4
75
76

8

9
13
26
77
78

Foac i
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TABLE II - Patients comprising the miscellaneous group

Sex Age

'ﬁ”d&’fd'ﬁﬂz'ﬂh}’dENWW@MREEW@MMWMWW@W

65
36
66
43
68
L2
43
62
60
35
43
15
54
15
74
70
4O
52
85
57
48
39
56
57
72
83
13
63
58

Diagnosis

Ulcerative colitis

Ulcerative colitis

Ulcerative colitis

Ulecerative colitis

Ulcerative colitis

“nall bowel resection; steatorrhoea
Halebaorption syndrome Zcause
Halobsorption syndrome %cause
lialabsorption syndrome Tceuse
Idiopathiec steatorrhoea

Partial gastrectomy (Billroth I;
Pertial gastrectemy (Billroth I
Partiel gastrectomy (Polyag
Partial gastroctomy (Polya
Hyperthyroidism

Hypothyroidiam

Hypothyroidisn

Diverticulitis of the colon
Diverticulitis of the colon
Chronic purgation

Uretero=colic anastomosis
Alcoholisn; pexriphersal nsuropathy
Systemic mastocytosis

Gastric ulcer

Scleroderma

Infective diarrhoea

Acguired megacolon

Diabetic ciarrhoea
Aperient-induced diarrhoea

#*Symbols: C = constipation

D = diarrhoea

=
I

normal bowel habits

Cb

Usual
bowel

Bowels at
time of

habit* recording

D

j23

bvoazZmmusuoSuvous S

Q0
o

ZamzzZuouy

t’t’c::’ziz:t$t$t3t$::zzc:czzzzgzzzzzzzzczcasztﬁcztszzzsta

alternating constipation and diarrhoea
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colitis, jejuno-ileel insufficiency) or becsuse they had organic
disease elm=ewhere which was capable of producing disordered bowel
function (thyroid malfunction, scleroderma, disbetes mellitus).
Table IT lists the patients included in the miscelleneous group;
further detalls of socme irdividuel cases will be presented in Chapter
TV. It can be seen that at the time of study 6 patients were
congtipeted, 9 patients had diarrhoea and 14 patients had normal
bowel habits.

The following studies were done in the patients in this group:

No. of Studies

Catheter Studies:

Resting pattern cecececececscss 32 (a)
Response to interview ceececsss 28
Response t0 £003 eeevscescecnes 20
Response to Prostignine veeeees - 2l
Radiotelemeteling eeeeveescearsescessssconensas 3
Cineradiography eeeeccecovsesatanscsosacscsscne 1

Thus a total of 80 studies of the motility of the large bowel
were done in 68 patients. There were 21 control subjects, 18 patients
with the irritable colon syndrome and 29 patients with miscellaneous
disorders, = Open ended catheters, telemetering and cireradiography

were used to study the large bowel as follows:

(a): 3 patients (cases 79, 83 and B87) were studied twice.

At — - o e e —
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No. of Studies
Catheter Studies:
Rosting pattern eeevesscsnccocscee 80
Response t0 interview sesvececcesce 62
Response to food seecossavescsvcns Th
Response to Prostigmine ceeceseose 62

Response to 5-hydroxytryptemine .. 3

Radiotelemeterrj-ng [EEEEREN XN NN NN NN AN SN B BN NN NN 11“
ciml‘a/d-iography 902 LS8 GG G00CRSEOOORPOIRRADOOCINOSETTPOESE 9
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Group

z8ll Intestine

Control
Postgastrectony
Misgcellancous

22ge Intestine

Control
Irritable colon
¥iscellansous

TABLE IIT - Tho extent of the present investigation

Catheter Studies sesé g Cino-
[ X R E- NN RN seeceo L ] 5-1vﬁmw-‘ Otele- -
Patient S . Pro - - Radi . -
arsess e Rost Emnotion Food mis:.alg tryptanine netering ;;i_;g‘!
7 7(8) s ¢ 5 - . 7
19 19 (2) 18 - 18 9 - = 17
21 27 27 16 23 20 3 10 6
18 21 21 18 21 18 - 1 2
29 32 32 28 50 24, - 3
g89* 114 112 62 1C6 83 3 14 i

*Thirteen patients underwent studies both of the small intestine and the large intestire.

(a) of which one purely radiolegical.
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Thirty-four studies of thehsmall intestine were caxydied out on
34 patients and 80 studies of the large intestine were performed on (8
patients. Thirteen patients underwent studies of both the small
intestine and the large intestine, One hundred and twelve pressure
recordings were done with open ended catheters and the redio-pill was
employed as well in 14 instances., 'The pressure recordings were
combined with cineradiography in 39 studies and cineradiogrephy alone
was performed in 2 cases (Table III).

The totel duration of the pressure trocings was 10,642 mirmutes
(177.4 hours). Since each tracing consisted of at least three
simulfaneous pressure traces and since the minimum paper speed was 0.5
mm, per second, a total of approximately 960 metres of trecing were

obtained and analysed.

Qualitative Aspects of the Pressure Tracings Obtained

with Open Ended Catheters

The smell intestine

The outstanding feature of the intraluminal pressure recordings
from the small intestine was the marked veriation in motor activity not
only between different patients, but also between different leads in
the seme patient and in the same lead over a period of time, Periods
of activity were interspersed with periods of quiescence in an apparent-
ly random fashion,

Type I and type III waves were recognised in the tracings from the

A T T T D A R L B B T e T T, T Tt W1 Y S et S5,
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Figure 10: The =mmall intestine: basic rhythm oceurring during the
resting phase in a control subject (case 3). Unlesa
otherwise stated in this and in all subsequent traces
rocorded by the catheters one small square has an
gmplitude of 5 mm, Hg., Paper speed 0,5 mm, per second
(one small square equals ten seconds).
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Figure 11: The small intestine: basie rhythm occuxrzing during the
resting phase in e patisnt who had had partial gastrectonmy
(case 12), Paper speed 0.5 mm. per second excent during
the last quarter of the lower panel where the speed was
25 mm. per second,



P bt e i

el R St b o W AN e B 1 e i A BRAORRE S v it SRR i i R A L . oy e L N . o

The small intestine: contimiation of basic rhythu from
Figure 11 at fast paper speed (2.5 mm, per secord)
showing the complex form of the type 1 waves.
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emall intestine (Figures 10 end 11),  However, a distinction between
waves of type I and type II could not be nade, Type IV waves were
not seen. Although type I waves appearel simple and monophasic at
the usuel rccording speed, recording at higher speeds showed that they
were, in fect, complex (Figures 11 and 12), Host of the activity
recorded in the small intestine consisted of type I waves, singly ox
in groups. Type III waves were rarely recorded in noraal subjec s
during the resting phase although they appeared after the stimuletion
of foed end Prostigmine. However, they were observed guite freguent-
ly during the resting phase in patients who had undergone partial
gastrectony.

A gqualitative compariéon of the three leads showed that although
the correspornding ré&ording tips were only 7 cm, apart, the activity
at these three different levels was usually markedly dissimilor. It
was not uncommon 4o find that pressure changes were being recorded from
solely the proximal, intermediate or distal catheter (leads ITII, II and
I respectively). Alternatively, two of the leads at times showed.
activity indepenrndently of the third one which remeired quiescent. In
the control subjects lead III was almost inverisbly the most active lead,
whereas patients after partial gastrectomy usually hed nore activity in
lead II, Synchronous activity of the three leeds was most evident
after Prostigmine had been given, the activity being of type III.
Progressive delay in the appearsnce of a wave in the three leads wes

only rarely observed. Progression was only seen with rhythmic type il
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i Figaws 133 The large intestines  the effect of Prostigmine in a

' patient with the spastic colon (caze 64). A doss of

1.0 ng, of Prostigmine was given intramuscularly 5

mimtes af'ter g similar volume of asterile normal selins

_ had ‘been injected, This procedure and this doass of

| Prostignine were used in all experdimesnts in which the

’ drig was used. Paper speaed 0.5 mm, pexr second (one
small square equals ten seconds).
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waves (basic rhythn) (Figures 10 and 11) and type III activity. Retro-
grade conduction of waves from the distal to the proximal lead was not
encountered.

Basic rhythm was present only during the resting phase, It
consisted of rhythmic type I waves at a constant rate of 11 to 12 waves
per mimute with or without a change in beseline (Figures 10 and 11).
FKegative pressure deflections were often seen during periods of basic
rhythm (Figure 11) but were otherwise uncommon.

The emplitude of the pressure changes recorded from the small
intestine varied greatly but only rerely exceeded 50 mm. Hg.; most
waves had an amplitude of 10 to 30 mm. Hg.

The lerge intestine

In the large intestine the variation in activity from subject to
subject was even more marked than in the small intestine, During the
resting ﬁhase there were periods of quiescence as long as 10 to 15
minutes, The predominant activity was of type II (Figure 13). Type

II waves were seen alone, grouped and in pairs. Type I waves were
recorded more frequently from the rectum than from the distzl colon,
Type I and type III waves were comparatively rare. Type IV waves were
not recognised,

Indeperdent activitj in the three leads wﬁs the rule during the
resting phase and wes more common in the colon and rectum than in the
small intestine, The trace from the recording tip furthest away from

the ams (lead I) wes almost invarisbly more active then traces from the
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ABLE IV - The motility of the small intestine.
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The means and ranges of the values for the percentage activity, the

motility index, the mean amplitude of the waves and the mean duration of the waves in control subjects
ard patients after partiasl gaatrectomy.

Yotor activity (%)

. Hotility index

Best

Food 1

Food 2
Prostignine

Rest

Food 1
Food 2
Prostigmine

Yean Amplitude (mm. Hg, )

Rest

Food 1
Food 2
Prosztignine

Yean duretion (seconds)

Rest

Focd 1
Food 2
Preostignine

Control
(6 cazes)
Mean (range)
32-1 (1906 - 25802)
40.0 (2804 el 5&-'7
3802 (2301 - 5705)
47,1 (20,2 - 74,0)
21,1 (10,6 - 32,6)
2306 12.5 - 3902)
19.6 (13,5 = 26.7)
3563 (10,5 = 57.6)
10,1 (7.7 - 13.6;
9.1 (3.7 - 12.0
8.5 E5.7 - 12.1;
10.5 (8.2 - 12,L
1302 é?o? bl 16.5)
12.1 8.6 - 16,7)
12,9 (8.1 = 16.5)
1200 (80? . 21903)

Pexrtial Gastrsctomy
without "dumping®
(12 cases)

Mean

30,3
4.7
53.2
53.2

20.0
37.0
54,7
76.0

12,8
12.9

11.6
1.0
10,3
15.8

(renge)

(8.4 = 70.7)
(13014' - 9203;
(23,1 = 91.9
3301 - ?605)

(g = Tl

(22,9 = 105,7)
(29.9 - 127.9)

E&.é - 22,3)
L,1 - 29.2)
(6.5 = 20.0}
(898 -~ Qso?

1

3 - 18,6

99 . 11{«:2

g - 22.9)

had 179?%

Partiel Gastrecicmy
with "Gumping®

(6 ceses)

(renge)

&25.7 - L3.0)
OQO bl 6192)
(29,9 - 81.4)
(41.5 = 43.2)

(23.9 - 456.8)
EOQO - 69»8)

1?-3 - 15692)

(21 .0 — 6292}
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lower recording tips; this was so in all cetegories of patiéh%égil;sz
studied.

Synchronous activity at two or more levels of the large intestine
was particularly evident after Prostigmine hed been given (Figure 13).
The activity was usuzlly of type II ard often rhythmic at 2.8 to 3.0
waves per minutg.

The pressure changes recorded from the large intestine varied fron
less than 5 mm., Hg. to over 110 mm. Hg. (Figure 13). However, waves
in excess of 50 mm, Hg., were unusual and the waves of type II which

constituted the greater part of the activity of the large intestine

usually reached 2 height of 10 to 20 mm. Hg.

Quantitative Analysis of Catheter Studies

The small intestine

Control subjects and patients after partial gastrectomy

The results of the quantitative analysis of motility are summerised
in Table IV. 1In this and other tables and in the graphs "Food 1" refers
to the first 10 nimites following the standard meal and "Food 2" refers
to the subsequent 20 mimtes. "Pood 1 + 2" embraces the entire 30
mimites following the meal, This subdivision was made to detect
whether there was any abnormality in the response of the intestine to
food during induced attacks of "dumping" in the patients after partvial
gastrectomy.

The values for the motility index in the control subjects are
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Flgure 14

The motility index in six control subjecta.
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Figure 15: The motility index in twelve patients
after partial gastrectomy in whem the
duniping syndrcme did not follow the
edministration of the meal,
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The motility of the small intestine: comparison
of the percentage motor activity in the control
subjects and patients after partial gastractomy
with and without the dumping syndrome.
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presented in Figure k. Unexpeétedly food did not sugment the
motility of the small intestine. However, Prostigmine ceused an
increase in the mean motility index, although the variation in
individual cases was considerable,

The range of +the motility index of the patients after partial
gostrectomy was considerably larger than in the case of the coantrol
subjects (Table IV), The values for the petients withoul the dumping
syndrome after operation are illustrated in Figure 15 and the values
for the patients with "dumping“ in Pigure 16.

Migure 17 illustrates the changes in percentege motor activity in
the control subjects and in the two groups of patients who had had
portial gastrectomy. There was little difference between the three
groups during the resting phase and following Prostigmine,. However,
the patients in whom the dumping syndrome was induced showed & reduction
in percentage activity immediately af'ter the standard meal had been
given. This reduction, although pronounced, was not statistically
significant (pj) 0,05). The patients with the dumping syndrome showed
a greater delayed response to food than did normal subjects. However,
their response was not as marked as that seen_in patients without the
dumping syndrome. The delayed response in this latter group was sig-
nificantly greater than that in normal subjects (p< 0.05).

The differences between the three groups became more siriking when
the motility index was used as a basis for comparison (Figure 18). The

resting activity in patients who had had partial gastrectomy and in
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TABLE Va - The changes in the motility of the small imtestine induced by food
and by Prostigmine. A statistical comparisen betwsen the groups.

Phass of Recording
Roat
Food 1
Food 2
Prostigmine

Phese of Recording
Rest
Food 1
Food 2
Prostigmins

Phase of Recerding
Rest
Focd 1
Food 2
Prostigmine

Control
Mean metility index

21,1
2306
19.6
35.3

Control
Mean motility index

21.1
2306
19.6
353

Partial gastrectomy
without "dumping®
¥een motility index

30,0
37.0
547
76.0

Partiel gestrectomy
without "Gumping®
Moan motility infex

30.0
370
S54e7
76.0

Partial gastroctonmy
with "Gumping"
Hean motility index

Partiel gasirectomy
with "dumping"
Mean motility irdex

Significance
of difference
between means

@

w3 0
A
00O
LK

r> 0,05
Significance
of difference
betwzen means

p< 0.05
p> C.G5
P> 0.05
P> 0.05

Significance
of difference
between means
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TABLE Vb - The changes in the motility of the small intestine induced by
" food and Prostigmine.

Group

Centrol
Partiel gastrectomy without "dumping"
Partiel gastrectomy with "dumping®

Gzoup

Control
Partial gastrsctomy without "Gumping"
Partial gastrectomy with "dumping"

Group

Contxeol
Pertiel gastrectemy without "dumping
Partiel gastrectomy with "dumpirg

Rest:
Meen motility irdex

21.1
30.0
33.8

Rest:
Yean motility irdex

21,1
30.0
33.8

Rest:
Hean motility index

21,1
30.0
33.8

A statisticel compsrison within each group.

Food 1:
Meen motility index

Food 23
Mean motility index

Prostigmine:s
Mean motility index

Significance
of differencs
between mesns

Significance
of differernce
between means

P> 0.C5
p < 0.02
P> 005

Significance
of differcnce
betwesen means

p > 0.05
p £ C.C1
> 0.C5
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whom "dumping" was induced by food was significantly higher than in
the control subjects (Table Va)e There was a marked reduction in the
motility index with the onset of symptoms of "dumping“, although this
did not reach a level of statistical significance (Teble Vb), However,
the mean motility index of patients with symptoms of "dumping" was
aspproximately the same a3 that of the contrels but considerably less
than that of patients without "dumping". Statistical enalysis of the
chenges induced by food is presented in Tables Vo and Vb.

Accompanying the subgidence of the attack of “dumping", the
motility inereassed to a level well above that seen in the contrel
subjects (Figures 17 and 18). The delayed response to food was of
the same magnitude in both subgroups of patients after partiel
gastrectomy although it reached levels of significance only in the
group without the dumping syndrome (rables Va and Vb). By contrast
the noxrmal subjects displayed virtuaslly no response to food., Prostig-
nine eugmented motility in all groups but most markedly in the patients
after partial gastrectomy in whom an attack of "dumping" was not
induced by Food (Figure 18). In these patients the motility index
was significantly higher after Prostigmine than during the resting phase
(Table Vb). However, the differences between the groups were not
statistically significant (Table Va).

The responses to food of two patients after partial gastrectomy
are shown in Figures 19 and 20. The tracing in Iigure 19 came from a

patient (case 19) who did not experience symptoms of "dumping". Type I
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the dumping syndrome.

i kalpgiotea o Lbl s



B e N s T PV A ST T T e -
e SRl i e & i S s N

activily was present throughout the tracing, although type III
activity predominated towards the end of the recording period, In
contrast, the tracing in Figure 20 was recorded from a petient (casé
12) in whom the standerd meal induced sweating, weakness and palpit-
ations, It can be seen that after two waves apvearing with pro-
gressive delay in all three leads, the small intestine remained
conpletely inactive for nearly 15 minutes; a slow return of type I
activity then accompanied the disappearance of the symptoms of "Aumping".
The mean amplitude of the waves was consistently greater in both
groups of patients after partial gastrectomy than in the control
subjects (Pigure 21). This was particularly marked af'ter Frostignine
in patients without the dumping syndrome. The high mean emplitude in
the patients without the dumping syndrome was reflected in an excessive
nuber of waves of & high amplitude in this group (Figure 22). Figure
22 also shows that the patients who experienced an attack of "dQumping"
did not reach an equally high mean smplitude in response to Prostignine
because the incresse in the number of high waves was nasked by a more
pronounced increase in the number of low waves. It can be further seen
that both in the control subjects and in the patients after partial
gastrectomy waves of low amplitude were the moest common during all
phases of the recording., Furthermore, the diminished motility of the
small intestine during provoked attacks of "dumping' was due to a pro-
portional decrease in waves of all amplitudes. Finally, the excessive

late response to food in the patients who did not experience symploms
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TAELE VI - Cotheter studisz of the small intestine. The percentsge motor activity, the motility index; the
nean amplituds of the waves and the mesan duration of the waves in a group of patients

with riscellansous alimentary discxders.

Bowel Habit® Yotor Activity (%) Motility Index _;
Cass Dlagnosia Usu;l At study Best Food 1 Food 2 Prostignine Rest Foed 1 Food 2 Preostigzine ;
27 Functionsl D N 38,7 T1.5  76.7 7601 23,8 63.2  45.9 731
disrrhncse
28 TFunctional D N 363 30,7  57.6 - 32,2 2542 56,5 -
diarrhoea ‘
29 Spasztic colon N N 25.6 31,5 e, 42,8 16,8 7.7 48,3 6362
30 Chronic t p &2 %) 435 20 55 -2 g2 3
purgation -
31 Histus hernia Cc c 6305 5507 81 .6 6204 iﬂsc7 61 g9 67.2 62;;8
22 Gastrdic uleer N N 40,7 51.8 53.6 54.8 246 39,2 28,0 146,.8
33 Ulcerative D N 35.2 39,5 L8.L S5ke7 40,2 23.2 32.9 91.0
golitis
34  Diverticullitis D N 1€.7 10,2 50,5 3.1 12,1 6.4 26,4 35.7

of the colon

#Symbola: C = constipation
D = diaxrrhosa
N = normal bowsl habit
CD = alternating constipaticn and diarrhoea

(2) = not suiteble for amelysis owing to a technical fault in the recording ecuipuent.
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TABLE VI (contirued)

Hean azplitude (mm. Hg. ) Hean duretion (ssconds)

Rest  Food 1  Food 2  Prostigmime ' Rest Food 4  Food 2  Prostigmize
8.8 13,2 9.0 a1 1.5 1.6 1440 13,8
12,8 11,7 13,3 12,7 12, 142 17.2 16.0
9.8 8.L 11,9 18,0 9.3 10,2 12,8 16,2
6.8 {2) g5 6.6 8.2 Le) g 9.1
111 16,5 12,0 13,6 21,1 1ok 15.9 15.8
9,2 1.3 10,3 4,2 10,5 10.0 10,9 14,6
12.9 8.0 8.5 17.3 15.7 15,7 15.6 16,7
10,0 10.3 9.5 11.6 16.3  19.8 11.5 14,6

(a): Not suiteble for analysis owing to a technical fault in the recording equipment.
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of "dumping" was reflected in an increase in waves of all amplitudes.
There were no marked differences between the three groups of
patients in respect of the mean duration of waves (Pigure 23) or the
distribution of the waves on the basis of duration (Figure 2k).
lowever, it can be seen that the mean duration of the waves recorded
in patients without the dumping syndrome decreased in response to
Prostignine (Figure 23 ). This decrease was due to a marked rise in
the mumber of short waves (Figure 24 ). Turthermore, short waves
lasting less than 10 seconds (type I) were more rumerous than waves of
intermediate or long duration in all groups of patients during all the

phases of the experiment (Figure 24).

Patients with miscellansous 2limentary disoxrders

Teble VI, lists the paremeters of motility in the miscellaneous
group. Although the small numbers do not permit statistical analysis,
some interesting features of individual cases will be mentioned.

Case 27 was a 41 year old woman with a disgnosis of
functional diarrhoce, She had experienced almost
contimuous diarrhoea after an argument with her
employor two months before her admission to hospital,
She had no asbdominal pain apart from a slight discomfort
associated with a call to stool and promptly relieved by
defaecation, The diarrhoea was aggravated by nexvous

tension and by ingestion of foods contalining egg. The
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results of a barium meal and a sigmoidoscopy were normal,
The diasrrhoea subsided without treatment during her stay
in hospital so that her bowél habits were normal when the
recording was made,

Table VI shows that the resting pattern of motility in
this patient was normal in respect of the percentage
activity end motility index. However, the response

to the stanlerd meal (one egg and two teaspoons of sugor
beaten into milk) was greater than that seen in any of
the normal subjects (Table IV)., Likewise, the response

to Prostigmine was in excess of normal.

Case 28 was a man of.32 years who had been subject to
intermitient attacks of diarrhoea for five yeawrs
preceding study., He was intolerant to milk and
tomatoes and had learnt to avoid these foods because
they aggravated his alimentary symptoms.  Table VI.
shows that the late response to the standerd meal in

this patient was greater than normal.

Case 29, aged 38 years, had colomic pain with normal
bowel habits diagnosed as the spastic colon, He was
an interstate.road transport driver and suffered marked
exacerbations of pain with swelling in the left illac

fossa each time he had encountered a potentially

106
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dangerous asituation on the road. The descending
colon was firm and tender. Table VI' shows that
Prostignine coused & greater rise in the motility
index in his case than in any of the control subjects

and that this rise was due to the high mean anplitude

" of waves, the percentage activity and mean duration

of waves being within normal limits.

The patient with longstanding constipation (case 30)
was a 57 year old women. The constipation had led
her to use inecreasing doses of aperients end to give
herself encmata, almost every day. As a result her
bowel hsbits alternated between severe constipation
and spuricus diarrhoea, She had unlergone two
laparotomies for the sympioms of intestinal obstruction
and had had a further two episodes treated conservatively,
Attempts to reduce the dose of purgatives resulted in
inereasing abdominal distension and vomiting with the
radiological signs of low intestinal obstruction,
However, barium studies of the gastro-intestinal tract
revealed no organic obstruction., At the time of
recording her serum potassium level was greatly
diminished at 2,5 mEq. per litre.

Table VI. shows that this patient had very little motor

activity in the smell intestine during the resting phase.

e ——— O T — B e ——— P ——— W ——



o i MTE I e Duinew

108

The percentage activity and motility index were both
less than one-half of the lowest values encountered in
the control group. There was also less activity after
food than in any of the normal subjects and the response

to Prostigmine was at the lower limit of normal,

The patlent with a hiatus hernia (case 31) had sustained
high levels of motility throughout the recording (Table
VI)  and the patient with 2 benign gastric ulcer (cese
32) showed marked hypermotility in response to
Prostignine. In this latter patient the motility
index reached a level of 146.8 compared with a maximum
of 57.6 in the control group. This marked increase was
due to an extremely high mean amplitude of waves; the
percentage activity and mean duration of waves were both

within norimal limits.

The patient with ulcerative colitis (case 33) also
displayed an excessive response to Prostignine as judged
by the motility index., The last patient in the
miscellancous group (case 34) showed no marked deviation

from the noxmal,

The large intestins

Control subjects and patients with the irritsble colon syndrome

The results of the quantitative anslysis of the studies of the
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TAELE VII -~ Cetheter studies of the large intestins,
motor activity, the motility index, the mesn amplitude of the waves and the mean duretion of the waves

The means and renges of the values fer the percentage

in control subjects and patients with the irritable cclon synircze.

Control Spastic coliomn Functionel Diszxzrhoea
(27 studies) (8 studies) (13 studies)
leen  (range) Mean (rengs) Mean (range)
Hoter Activity (%)
Rest 13.2 50,9 - 55.6) 479 E8°2 - 29.6) 5.7 go,e - 16.1)
Enotion 19,9 (2.5 = 60,0) 12,0 (6.4 = 46.6) 9.6 (0,0 = 16,0)
Food 5.4 20.9 - 62,0) 22,0 &12.2 - 32.7; 9.7 (0.2 = 15,.2)
Prostigmine 32,1 (2.2 = 60.4) 47,1 (38.5 - 62.3 23,1 (2.7 = 5C.4)
Hotility Index
Rest 8.6 (0.2 - 38,7) 12,5 (4.0 = 30,2) 2.4 So.o - 8.9)
Emotion 1€8.4 (1.1 = 77,0 15¢3 (7.7 = 35.6; 5.9 (0,0 - 13,8)
Food 15.0 (0.2 = 7L.7 18.4 (5.7 - 30.7 5.3 so.o - 11.6)
Prostigmine 34,0 (0.6 = 9L.6 58,3 (28,7 = 106.3) 17.8 (0.7 = 456.3)
¥esn Amplitude (mm, Hg.)
Reat 77 E;.o - 20,3) 10.4 (6.2 = 19,C) 6,0 (3.C = 10.0;
Emction 10,3 (4e3 = 2604 12,7 (8.2 ~ 16,8) 8.7 (3.1 - 15.6
Food . 9.5 (3.0 - 19.0 11,0 (5.1 = el) 765 (3.0 = 14.3)
Prostigmnine 13,0 (4.0 - 22,6 18.6 (11.5 ~ 32.C) 9.9 (L1 = 17.0)
Keen Duration (seconds)
Rest 16.9 (Le1 = 29.6) 18,1 (145 - 22.2; 15.8 (11.5 = 20.3)
Enotion 19.0 (8,3 - 32,5) 19.7 (145 = 2h.1 16.8 (9.2 = 19.0)
Focd 17.7 210.7 - 27.7) 18.5 216.3 - 23.3§ 15,6 (10,0 = 24,3)
Prostigmine 12,0 (12,2 - 26.0) 18,8 (11.9 - 24.9 16.9 (12,1 - 20,7)
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TAZLE VIII - YVexiation in the resting pattern of metility
of the distal larze intesiine. Compariason of

separately analysed 30-mimte periods of extended recordings in two normal subjects.

Case 42 Case &5

Hotor activity (%)

Rest 1% 15.3 55.6

Rest 2 27,2 567

Rest 3 32.3

Rest & 33.3

Yeen 27,0 56,2
Motility Index

Rest 1 16,5 38,7

Rest 2 2501 49,7

Rest 3 25,6

Rest 4 17.3

Hean 21,1 42

*"Rest 1" refers to the first 30 mimites of the exterded resting phase; "Rest 2"

to the second 30 mimites, ard so on.
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35 .

52

TABLE IX = Variation in the motility of the distal large intestine,

studies done on separate days in four normal subjects.

No, of
days between
studies

Rest

9.3
10.7
3.7
6.2
5.4

3¢3
20,8

21.0
22,1

7.9

Motor Activity (%)

Emotion

3.0

10.3

L6.5
9.7
43.8

Food

2.9
8.6
8.6
15.2
3.7
0.9
61.4
10,5
32,9
1645

Prostigrine

11,9

7.8
11.9
18.1

2,2

2.7
59.0
60.4
48.3
37.9

Rest

4,0
12,7
1,0
2.4
1.7
33
11.5
15.7
23,3
1.5

Comparison of repeatsd

Hotility Index

Emotion Food Prostigmine

1.8 C.3
2,3
bt

34 5.8

14

0.2

52,0 68.3
47 5.2
7.0 32.3
19.1

748
7.1
6.7
7.8
0.6
0.8
86.6
40.4
71.6
56.6
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large intestine are summarised in Table VII.  The distribution of the
velues Tor the motility index im 27 studies carried out on control
subjecté is illustrated in Figure 25, Although there is considerabls
variation between different subjects, comparison of the mean values
shows that the motor activity of the distal large intestine was
augmented by emotion, food and Prostiguine.

Studies were performed to assess the constancy of the motor
activity of the colon, Two normel subjects underwent prolonged
recordings of the resting pattern of motility and the tracings were
analysed in separate half-hour periods. The results of these studies
are given in Table VIII. The szreement between the separate periods
in the same individual was usually close, although the percentage
activity in one of the subjects varied by as much as one hundred per
cent,

In eddition, four of the control subjects underwent & mmber of
studies on different days. The result of these studies are presented
in Teble IX. It can be seen that with only two exceptions the level
of motility expressed by the percentage motor activity remalned
relatively constant in any given person. The first exception cccurred
in case 38 where food and Prostigmine failed to auguent motility
during the second ard third experiments, The second exception was
Seen in case 44 where the emotive interview failed to enhance motility
when it waes carried out for the secord time. The motility index,

being a compound expression of amplitude and duration, moved in parallel
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with the percentage motor activity but showed greater veristion
Table IX).
Emotion augmented the motility in some of the control subjects.
In § of 15 subjects the initial emotive interview (excluding re-
studies) was associated with an increase in the motility index to 200
per cente or more of the resting velue., A decrease to 50 per cent,
or less of the resting value was seen in one subject and in the
renaiving six the change during the interview was within these limits.
During the interview, marked increases in activity were seen in
patients with both high and low resting levels of motility. However,
the inerements were generally proportional to the resting values; the
highest motility indices during the interview were found in ﬁhe
patients with high resting values, It was not possible to identify one -
particular mood in the person being studied wilh augmented motility I
and another mood with colonic inactivity.
On occasions hypersctivity of the large intestine was observed
only while particular topics were being discussed:
Case 52, a 36 year old man was serving a prison seutence
for forgexry. The large intestine began to show striking
hypemmotility during a discussion of the sentence, which
the prisoner considered unduly harsh. The increased
activity persisted while he commented on the disharmony
between his wife and himself, The motility index

increased from a resting value of 29.3 to 77.0. A
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Figure 26: The motility index in eight studies of
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Figurs 27: The motility index in thirteen studies of
patients with functional diarrhoea,
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discussion of topics other than the two above mentioned
did not augnent motor activity.

However, on other occasions hyperactivity of the large intestine
prevailed during the entire interview and was apparently unrelated to
the emotional significance of the topics discussed:

Case 36, a 40 year old man, haed been imprisoned beceause
of failure to pay alimony to his divorced wife.
Excessive motor activity was present throughout the
interview end did not abate when presumably neutral
topics were discussed. The motility index for the
inberview was 63,2 compared to the resting value of
8.4

Eight catheter studies were made of patients with the spastic
colon and thirteen studies of patients with functional diarrhoea. The
mezn values and ranges for the percentage motor activity, motility index,
mesn emplitude of waves and mean duration of waves are presented in
Table VII. TFigures 26 and 27 show the means and distribution of the
individual values for the motility index in these two groups. It can
be seen that in both groups the motility of the large intestine
incressed in response to the interview, food and Prostigmire. Illowever,
patients with functional diarrhoea had less activity during all phases
of the recording than patients with the spastic colon. The uniformly
low resting level of motility in patients with functional diarrhoea was

particularly striking (Figure 27).
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TABLE X - Statistical evaluation of the differences between the mean motility indices of
control subjects, patients with the spastic colon and patients with functional diarrhoea.

Significance

Control Spastic Colon of differvence

TARER e T s A e

VA sy b ) M

Phase of Recording

Mean motility index

Mean motility index

betweon means

Reat 806 1205 > 0005
Emotion 184 15,3 > 0.05
Food 15,0 18,4 T > 0.05
Prostigmina 34,0 58.3 P> CO
S “
Control Functional Disarrhosa Slguificance

Phase of Recording

Mean motility index

Mean motility index

of differsnce
between means

Rest 8.6 2.4 p< 0.05
Erotion 18.4 59 p iy G.05
Food 15,0 5.3 P> C.05
Prostigmine 3449 17.8 P> 0.05
Significance

Phase of Recording

Spastic Colon
Mean motility infex

Functionsl Diarrhoes
Meen motility index

¢t differsncae
bevwween means

Rest 12.5 2.4 p< 0.002
Emoction 15,3 5.9 p< Q.01
Food 18.4 503 P< 0,001
Prostigains 58.3 17.8 p< 0,001
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Figure 28 illustrates the changes in percentage motor activity
in the normal controls and in the patients with the irritavle colon
syndrome during the four phases of the recording. It can be secn

that all three groups had more activity during the interview, after

!_1.

food and after Prostigmine than during the resting phase. The increase
in percentage motor activity induced by Prostigmine was highly signifi-
cant in all three groups (p< 0.001). The resting level of sctivity
of patients with functional disrrvhoea was lower than the levels of
control subjects and patients with the spastic colon, and these
differences were statisticelly significant (p< 0.05).

Figure 29 illustrates the meen motility indices of the three
groups studied, The inactivity of the distal large intestine in
patients with functionsl diarrhoea is again evident. Patients with
the spastic colon hed the highest levels of activity during all phases
of the recording except the interview and the control subjects occupied
the intermedlate position. Table X presents the statistical
evaluation of the differences between the means of the motility indices
of the three groups studied, It can be seen that patients with
functional disrrhoea had a significantly lower motility inrdex than
patients with the spastic colon during =1l phases of the recording.
They also had a significently lower motility index than the control
subjects during the resting phase.

Figures 30 and 31 emphasise some of the differences between the

two subgroups of the irritable colon syndrane., TFigure 30 represents
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i potient with the spastic colon (case 29) showing increased
' activity in lead Y (from the sigmoid colon), Paper speed
0.5 mm, per second. Thus ome small squsre equals ten
seconis,
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Fipgure 31¢ The large intestine. ;
Upper pansl;  the resting patiern of motility in a patisnt
with functional diarrhoaa (case 67). There ars many
trapsmitted respiratory fluctuations of varxying emplitudes
but only one small pressurs wave recordsd fram the large
intestine.

Lovier panel: markedly increased motility in response to the
enotive interview in the same patlornt.
Paper speed 0.5 mm, per second, thus omne small square egquals
ten geconds.
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the resting pattern of motility in a patlient with the spastic colon
(cese 29) and Figure 31 illustrates the inzctivity of the distal large
intestine during the resting phase in a patlient with functional
diarrhoea (case 67).
Case 67, with a diagnosis of functional diarrhoea, was
8 70 veer old Latvian woman who had been subject to
recurrent attacks of disrrhoea for the two years
preceding the present study. A sigmoidoscopy and
bariun studies of the stomach, small intestine and
large intestine reveecled no organic lesion, The
stools were negative for occult blood and contained
no pathogenic bacteria or parasites., The three-day
faecal fat excretion was 8,0 grammes, and a biopsy
-specinen from the rectum showed normal mucosa, The
serun level of protein bound iodine was 6,2 pg, per
100 ml. (normel: 3.5 to 8.0 pg. per 100 ml.).
During the resting phase there was very little
spontaneous motility, During the interview tall
waves appesred in the tracing when the patient
related her experiences during the German and Russian
occupatiors of Latvia in the Second World Var. The
motility index increased to 13.8 from a resting value
of 1.5.

Table XI presents the statisticel evaluation of the changes in



TABLE XI - Statistical evaluation of the changes in the motility of the
large intestine induced by emction, food and Prostignine

Group

Coentrel
Spastic colon
Funetionsl dizrrhees

Group

Control
Spastic colon
Funetional disrrhoea

Group

Contxrol
Spestic coclon
Functional diarrkoea

Rest
Kean motility index

8.6
12,5
2.%

Rest
Meen motility infex

8.6
12.5
204

Rest
Mean motility index

8.5
12.5
2.4

Emoticn
Hean motility index

18,
1

v oo
WO AN

-]

Food
Nean motility index

15.
18.
5

W O

Prostignine
Mean motility index

30
58.3
17.8

Significance
of dif'ference
betwzen means

P > 0005
T > 0005
p< 0,02

Sigrificance
of differcrce
betwreen nears

p > C.C5
P > 0,05
P <005

Sigrificance
of difference
betwsen means

p< 0,001
p< 0,001
p £ 0,001

e e e e T TR T

Y-

SR TR e AT T e

Bl e Lt L e S



e ot S AR e B T o e B e

114

the motility index observed during the intexrview, afier food oand after
Prostignine in the three groups studied. It can be .secen that
compered to the resting values only the patients with functional
diarrhoea had a significant increese in the motility index during the
interview and after food. However, Prostigmnine caused & highly
significent rise in the motility index both in the control subjects
and the patients with the irritable colon syndrome, Iigure 13 shows
the response to Prostigmine in one patient with the spastic cclon
(case 64.).

Thé first emotive interview was assoclated with an increase in the
motility index to 200 per cent. ox more of the resting value in 2 of 7
patients with the spastic colon (28,65) and 6 of 11 patients with
functional diarrhoesa (54.5%). Of the patients with functional
diarrhoea who exhibited this increase, 2ll but one had given a history
of aggravation of the symptoms by nervous tension. The motility
index decreased to 50 per cent. or less of the resting value in one
patient with the spastic colon and in two patients with functional
diarrhoea,

Af'ter food, two of seven patients with the spastic colon showed
an increose in the motility index to 200 per cent. or more of the
resting values; neither gave a history of intolerance to milk, egg or
suger., Seven of eleven patients with functional diarrhoea had a
sinilar increase af'ter the standerd meal, and of these patients three

were intolerant to millk,
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. The remaining two patients with ﬁhe irritable colon syndrome and
an intolerance to ingredients of the standard meal had functional
disxrhoea, In one patient the motility index after food was 143 per
cent. of the-resting value, The other patient showed a reduction in
the motility index to 77 per cent. and 38 per cent, of the resting

2

values in two separate studies.

The mean amplitude of the waves in the control subjects and the
patients with the irritable colon syndrome is shown in Figure 32,
Patients with the spastic colon had the highest mean amplitudes
throuzhout the recording and patients with functional diarrhoea the
lgwesﬁ mean amplitudes, while the control subjecits occupied the inter-
mediate position, The reason for the low mean emplitudes in the
patients with functional diarrhoea is apparent in Figure 33. Although
low waves occurred with approximately equal frequency in all three
groups, the patients with functional diarrhoea had considerably fewer
waves of intermediate or high amplitude then did the control subjects
or the patients with the spastic colon. Waves of the two latter
categories were most frequent in patients with the spastic colon,
Pigure 33 alsc shows that Prostigmine coused an increase nainly in the
number of waves of intermediate and high amplitude,

Pigure 34 shows that the mean duretion of the waves remained
virtuslly constant throughout the phases of the recording and that it
Was approximately the same in the control subjects and in patients with

the irritable colon syndrome., The distribution of' the waves on the
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Ta8LE I - Catheter studies of the large intestins,

The means and ranges of the values for the

percentegs motor activity, the motility index, the mean suplitude of the waves and the

mean duration of the waves in a group of patients with misceilansous
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2,3
4.2
15.1
0,0
0.0
2,2

19.4

333
49.5
9.2
13.1
2.5
3.1
6.7
17.2
1,0

1.6

13.7
7.0
19.1
7.7
1.8
21,5

33.7
L5.6
33.5
249
32,6
23.1
35.2
i8.5

2,8
11.8

Motor Activity (%)

Rest Exotion Food »=050ig-

nino

42,6
13.8
5243

64s3

&e5
43.0
45,0
48,5
31.2
53.1
32,9

Med
25.7

disordera

Yotility Index

Rest Emotion Food [roStiE-

7+6 7.9 2.9
1.9 2,0 2.7
26,1 18.9 17.1
0.0 0.0 -
1.6 0.0 2,0
0.1 1oh; 0.5
476 15.5 17.7

1446 161 3.6
17o+ 6"‘5’06 5303

0.1 9.4 .1
13.1 10.8 18.8
13.7 16.8 18.1

3.0 1.0 -
20,5 8.8 60,0
29.7 113 28.9

0.0 0.3 8.1

1.5 0.6 C.5

906 s 8.6

contimed

mine

22,8
5.0

8o

63.1
1okt

383
2204
68@1

310
47,0

112.6

3202
27.9
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TABLE XII -~ contimed

. Hotor Activity (%) Motility Index
Bowel Habit#* g
- Pingmisio Ususl At study  Rest Emotion Food LX0Stig~ Rest [Emotion Food - roStE-
mine nins
Diverticulitis of D N 16.7 47.9 18,8 28.9 8.1 23.4 2.2 29,5
the colon
" Ch N 20,2 54,5 39.3 - 9.3 - 3%.3 2,6 -
Chronie purgation ()] D ~ 349 2.1 T4 48,1 0.9 0,5 1.7 18.6
Uretsro=-colic D D 4o3  Hirt 18.7 61, 1.1 7.6 9.7 69.2
anastemosis
Alccholisa, D D 2,9 12,3 563 8.1 2.0 Eols 4,2 3,2
peripheral neuropathy
Systemic mastocytosis D D Oods - 2,0 10.5 0.1 - 0.3 10.6
i D D 0.0 - ooli- 507 0.0 bt 001 209
Gastric ulesy u N 0,0 0.0 0.0 21.9 G0 C.C C.0 15,3
Secleroderma N N 3.2 10,5 18.1 22,5 1.7 6.2 16,3 11.8
Infective diarrhcea N D 2.8 12.6 16,7 o 1.2 45 7.6 -
Acguired magacolen c c 0.0 2.1 C.8 22,3 0,0 0.5 0.2 5+3
g C C 0.3 ~ 3.2 15.1 0.1 - 0.8 4,3
Disbetic disrrhoea D D 0.3 14,0 73 25,0 O.1 33 1.9 16,2
Aparient-induced N D 3.6 8.0 16,9 - 0.9 561 55 -

diarrhsea

*Symbols: C = constipation
D = diazrhoea
N = normal bewsl habit

CD = alternating constipation and diarrhoes
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Rest

5.7
37
8.8
0,0
4.0
3.0
13,1
9.5
11.6
2.3
17.8
7.0
565
24,0
11,0
0.0
Tols
8.7

TABLE XII <« ocontimied

¥ean Amplitude (mm, Hg, )

Emotion

49
8.2
13,1
0.0
0,0
10.4
12,3
7.8
17.4
1545
13.9
7.0
7.3
22,3
10,5
5,0
he7

Food

3uk
5.7
13.0
43
47
13.2
12,9
16.3
164

. 11,0

8.2

39.8
11.7
503
2,8
9.5

Prostignine

8.3
5.9
24,0
15,2
e
12,6
7.0
21.2
14.6
19.1
52,6

17.1
15,0

Rest

16,5
15.5
17.2
0.0
20,5
9.0
16.9
24,6
19.1
10,3
19.7
17.8
10.5
17.6
13.8
C.0
21.9
13.0

Mean Duration (seconis)
Foed Prostignine -

Emotion

12,8
14,0
19.3

0.0

0,0
17.2
19,0
25.2
18.6
1.6
21.2
18.1
12,6
18,8
143
17.5
13.3

13.5
13.8
19.1
21.0
ol
17.2
26.8
20.7
21,6
16.8
18.2

18,1

14,0
17.0
1.5
12.3

18.7
16,1
20,5
2204
134
17.1
15.6
17.8
19.9
20,7
16.6

2004
15.3
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Case

80

81

82

83

85

87

88
89

TABLE XII

Mean Anplitude (mm. Hg.)

Rest

6.6
7.7
3.8
3¢3
7.8
2.5
0,0
0,0
10.5
1.1
0.0
3.9
2.8
442

Emotion

7.9
10,8
3.7
Bols
ek

0.0
10,3
642
b3

5.0
8.4

Food

7.8
9.6
346
7.5
11,2
2.7
3.0
0.0
13e2
8.1
43
3.9
3.8
5¢6

Prostigmine

10,3
6.1
1he3
546
134

8.0
9ok
7.k
5.2
ko3
6s7

contimied

Rest

140
14.8
14,0
13
15.9
7.0
0.0
0.0
19.3
1%4.8
0,0
15,0
5.8
15.0

Mean Duration (seconds)

Emotion

15.6
19,0
12.5
19.4
20,5

0,0
16,5

18.9

25.0

13.8
17.2

Food Prostigmine

a7
19.3
6.1
22,6
16,8

Beli

20,0

0.0
12,5
19,1
143
13.5
12,2
19.3

17.0
14,0
2146
15.4

7.3

9.2
18.1
135
24,7
19.2
19
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TABLE XIII - Comparison of the percentage motor activity end motility index in control
subjects, patients with functionel disrvhoes end patients with dierrhces
due to organic elimentary disease

Organic Diarrhosa Functional Diarrhoea Control
(10 studies) (13 studies) (27 studies)
Moan (range) Kean (range) Mean {range) 5
Motor Activity (%)
Rest 1.6 (0,0 = 4,3) 5.7 (0.0 - 16.1) 13.2 (0.9 - 55.6) |
Enotion 8.2 (0.0 ~ 14.1) 9.6 (0.0 ~ 16.0) 19.9 (2.5 - 60,0) |
Food 8s5  (O.4 = 18,7) 9.7 (0.2 - 19.2) 15.4 (0.9 - 62,0) E
Prostignine 23.3 (45 - 61,3) 23,1 (2.7 = 50.4) 32,1 (2.2 - 60.4) ;
Motility Index : E
Rest 0.6 (0,0 - 2,0) 2.4 (0.0 -~ 8.9) 8.6 (0.2 -~ 38,7) |
Emotion 3.6 (0,0 = 7.6 5.9 (0.0 -~ 13.8) 18,4 (1.1 = 77,0) {
Food 3.5 (0.1 -9.7) 5¢3 (0.0 - 11,6) 15,0 (0.2 - 74.7) k
Prostigmine 7.4 (1.4 - 69,2) 17.8 (0.7 = 46.3) 340 (0.6 =94.6) ¢
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basis of duration was gpproximately equal in all three groups of
subjects although patients with functional disrrhoea tended to have
t'ewer waves of all durations than either the control subjects or patients

with the spastic colon (Figure 35).

Patients with miscellevecus disorders sffecting the slimentary tract

The composition of the miscellaneous group is shown in Table IT,
The majority of the patients had had either constipation or diarvhosa
as & result of organic disease, although many of them had normsl bowel
habits at the time of the present study.

Nine patients in the miscelianeous group had diarrhoea at the
time of the intraluminsl pressure recording. Table XII shows that
these patients had low values for the percentage motor activity and
motility index, Table XIII illustrates the values for these two
parameters of motility in centrol subjects, patients with functional
diarrhoea and patients with diarrhoea due to veriocus organic alimentary
disorders. It can be seen that the motility of the large intestine
was reduced to very gimilar levels in the two latter groups.

Five of the nine patients with organic alimentary disease and
dierrhoea at the time of recording had noted definite aggravation of
the diarrhoca by emoticnal tension. The following case histoxy
illustrates\this point:

Case 76 was a 3 year old woman whose presenting sympioms

were those of colicky, low abdominal pein and intermitient
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diarrhoea,  Although these symptoms had been present

for some years she had lost no weight and was in good
general health, She attributed her attacks of

diarrhoesa to emotional stress, having notliced that even
minor degrees of nervous teansion would precipitate an
alttack of diarrhoea, This caused her social embarrassment
ard led her to seek medical advice., Although she had an
aversion for milk, eggs and acid fruits, none of these
foods apparently aggravated the diarrhoea.

Physical examination revealed no abnormality and the blood
picture, sedimentation rate and barium studies of the
small and large intestine were all normal, She was
therefore initially thousght to be suffering from
functional diarrhoea, particularly as psychogenic

factors appeared to be important in producing her
symptoms, However, three~day collections of faeces
showed definite steatorrhoea, the fat excretion being 32
gremmes in three days, and 23 grammes in three days on
two separate occasions, The absorption of labelled
vitamin B12 was subnormal as was the absorption of
d~xylose, A Jjejunal biopsy specimen showed subtotal
villous atrophy of the mucosa compatible with the
diggnosis of idiopathic steatorrhoea,

The motility of the large intestine was s tudied shortly
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after an attock of diarrhoea had subsided. The resting
pattern of motility (Figure 36) showed few intraluminal
pressure changes, During the interview, pressure waves
wore seen, but thelr appearance did not correlate well
with discussion of any particular topics (Figure 36).
The standard meeal induced marked motor activity in leads
I and II, wvihile lead III, closest to the anus, remained

relatively inactive (Figure 37).

Cese 81, who had had & uretero-colic anastomosis, provides
another exanple of the sbsence of intraluminal pressure
changes associated with the passage of loose stools,

This 48 year old woman had had recurrent papillomata of
the bladder with repeated attacks of hasmaturia, The
bladder tumours were fulgurated on 16 separate occasions
but kept recurring and fin:zlly a totel cystectomy with
implantation of both ureters into the sigmoid colon wes
carriedlout,_ten.months before the motility tests were
done, Immediately after the operation she began to have
20 to 30’semi-solid stools mixed with urine every 24 hours.
The freguency of the bLowel actions had not diminished by
the time she was referred for motility studies. Before
the operation her bowels had been normal.,

At sigmoidoscopy the ureteric orifices were not seen but

the mucosa of the large bowel was hyperzemic and showed
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The lLarge intestine:  the resting pattern of motility (top
parsl) and the response to Prostigmins (lower pansl) in the
patisnt with implantation of both ureters into the sigmoid
colon (case 81). Paper speed 0,5 mm. per second; thus
onz mgll square equals ten seconds,
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a fine stippled pigmentation. The rectum contained a
small amount of mucus, semi-solid facces and urine,
Figure 38 shows the motility tracings done during the
resting phase and af'ter Prostigmine. There was almost
complete inactivity in all three leads during the resting
phase., Prostigmine, however, caused marked motor
activity in leads I and III while orly small changes in
intraluminal pressure were recorded in lesd II, The
presence of respiratory waves in lead II shows that the

middle cathelter was not blocked.,

Of the patients with orgenic diarrhoea, this woman had the
highest percentage motor activity and motility index during all phases
of the recoxding with the exception of the resting phase (Table XI11).
Thus in the patients with disaxrhoea from various causes, the closest
spproximation to normal was found in the patient in whom the passage
of loose stools was the result of admixture of feeces with urine,

Three patients with thyroid disorders were studied, Two patients
had hypothyroidism and one had hyperthyroidisnm,

Case 78, with e diagnosis of myxoedema, was a woman of 70
years who gave a twelve month history of fatigue and
intolerance to cold, She had also noticed that her face
had become puffy and her voice deep and hoarse, She
complained of loss of hair and of severe constipation;

the latter symptom was the one which had caused her to
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seek medical advice, She also had chest pain typical
of ischaemic heart disease., The myxoedematous facies and
the cold, dry, rough skin were striking and the serum

level of protein bound iodine was 0.5 ng. per 100 ml,

The motility recording wes done before treatment with

l-thyroxine had been conmenced and showed inactivity of
the distal large intestine during the resting phase and
the interview (Figure 39, Table XIT).. The response to
food was within normal and no Prostigmine was given in

view of the symptoms of myocardisl ischaemia.

- The secord patient with hypothyroidism was studied both before

and after treatment:

sty T T T e T T e o T2 YO ST P 7 | o e T T Py

This patient (case 79) was a LO year old woman who had
undergone a partial thyroidectomy in 1S46 for hypérthyroid—
isme In 1959 the recurrence of synptoms led to treatment
with radic-active iodine. Following this treatment the
batient developed symptoms of hypothyroidism and replace-
ment therapy was begun. However, f'ive months before the
motility tests were done, she moved interstste and ceased
taking the thyroid tablets. She then noticed a gradual
onset of lethargy, constipation and a feeling of coldness
as well as a coersening of her skin and halr, Physical

examination revealed the features of hypothyroidism and the
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serum level of protein bound iodine was 2.1 pg. per 100 ml,
Hotility tracings were done ard repeated after seven months
of replacement therapy by which stage the patient was
¢linically euthyroid. In particulear, she had regained the
normal use of hexr bowels. The wvalues for the percentage

motor activity and mobtility index are set out below:

Motor activity (%) Before treatment After treatment
Rest 3.2 13,0
Emotion 1.6 -
Food 2,8 11.8
Prostigmine 3.4 25,7

Motility index

Rest 1.5 9.6
Emotion 0.6 -
Food 0.5 ) 8.6
Prostignine 39.2 27.9

The figures for the resting phese and the response to food
show that the return to a euthyroid state was associated
with an increase in motility towards normel. The response
to Prostignine, which before treatment had been of the

magnitude seen in control subjects, changed little.

A striking contrast to the motility patterns of the two patients

With hypothyroidism was seen in the patient with hyperthyroidisn (case

77).
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The large intestine:  the resting pattern of motility (top
panel) end response to food (Llower pamel) in the patient
with untreated hyperthyroidisa (csse 77). Faper speed 0.5
m. per second (ons 2mall square equals ten seconds ),
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Case %7 was a 74 year old woman vhose presenting symptoms
were those of irritebility, trembling, muscular weakness
and weight loss., Hex bowel habits had not altered and
she was passing two formed stools a day., Vhen exsmined
she hed werm, moist palms, slight tremor of the fingers
and tachycardia, There was no exophthalmos or 1lid
retraction and the thyroid glend was not enlarged. Two
of her sisters had had toxic goitre. The serum level of
protein bound iodire wes 11.2 pg. per 100 ml. and radio-
active iodire uptake studies coniiimed the diagnosis of
hyperthyroidism. Figure 4O shows the extrenely active
pattern of motility during the resting phase. Food did

not augment the motor activity,

The effect of treatment in a young boy with acquired megacolon

was assessed by repeated motility studies:

Case 87 was a lad of 13 years of age when he was first
studied, During a sea voyage from England to Australis

at the age of 11 he had become severely constipated.
Therealter he had daily liquid bowel actions with faecal
incontinence, A barium enema and a sigmoidoscopy both
showed a greatly dilated rectum and sigmoid colon without
any narrowed segment to suggest a diegnosis of Hirschsprung's

disease, He was unable to appreciate moderate distension
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of the rectum with air during the sigmoidoscopy.

The effect of daily bowel wash-outs over a period of

nine months was negligible:

Hotor activity (%) Before treatment After treatment
Rest 0.0 0.3
Emotion 2,1 -

Food 0.8 el
Prostigmire 22,3 15.1

Motility index

Rest 0.0 0.1
Emotion 0.5 -

Food 0.2 0.8
Prostignine 5.3 L.3

During the sigmoidoscopic examination at the second study
it was noted that rectal sensation was still deficient and
that the large bowel appeared to be as dilated as it had

been nine months previously.

Radiotelemeterine from the intestine

The radiotelemetering capsule was used in 14 separate studies,
Use was made of the radio pill meinly to obtain pressure tracings from
“he caecum end right colon while simultaneous recordings of the motility
of the distal colon and rectum were being made with open ended catheters.

Thus the capsule end the catheters were used together in 13 of the 14
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Figure 41 (case 45):

The stomach and ascending colon are
outlined by barium markers, The
radiotelemetering capsule is at the
hepatic flexure of the colon,
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radiotelemetering studies.

In some cases the patients swallowed the capsule which had been
attached to'13 feet of surgical silk, This length of silk was usually -
found to arrest the pill in the cascum or proximal colon, At other
times the pill was swallowed "free" and its progress was followed by
intermittent £luocroscopy. A radiograph of' the abdomen was taken
bhefore the recording was begun to show the position of the cepsule in
relation to barium markers outlining the stomach and the ileo-caecal
region. Fipgure 41 shows the capsule in the proximal colon,

Rediotelemetering was performed from the following parts of the

intestines
Site : Number of studies
Proximal small intestine _ 2
Terminal ileum 2 .
Cagcum and proximal colon 6
Distal colon N

In normal subjects the transit time for the unattached cépsule
varied from 24 hours to 40 hours. The shortest time of 10 hours
occurred in a patient with diarrhoea (case 63). Loss of contact was
often obszerved when the cepsule was in the upper small intestine, but
it did not occur sufficiently often in the colon to warrant contimuous
recording of signal strength.

The tracings made with the capsule were in no way different from
those obtained with catheters from corresponding parts of the intestine.

Rediotelemetered records from the small intestine showed exemples of
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The gastro-colic reflex in a contrel subject (case 38).
Position of radio-pill and cathetzrs as in Figure 42,
Standard meal given at beginning of panel.
speed 0,5 mm. p
seconds ).
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Table XTIV

nall intestive
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= The percentege motor activity ard motility index in 14 radiotelemetering studies

Cazs
and

(etudy)

67

83 (2)

35 (3)
mg‘z)
W (2)
51

Diagnesis

Functional
disxrhoea

Systemic
rastoeytosis

Control
"

"
L
”
"

Steaterrhoea
Systemio
mastocytosis

Control
[i]

[
5]

*Symbols:

Bonala

a‘t UUU—

=)

ZERE Yagm=my s

Raddo piil (catneters)
Rast Emotion Foaod
8.8 (0.4) 12,5 (2.0
2.14- (903) 308 300) 14-06 (209
1.3 {6.2) 2,1 (10,3) 3.3 (15,
1.7 (0.7 - 10.1 28.6
5.1 (5.4 - Te5 (3.7
1206 25. ) g -
1.1 {5)o6) - -
302 (21.6) 1.3 (33.3) 3.3 533.
1.7 (0.0) - 667 (0.l
1308 ()o?) 1?99 {806
21,3 (21,C) 33.8 (9 7)  18.1 (10.5)
26.C =
16.2 (0.9) -
normel
constipation
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Hotor Astivity {
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Prostigmins
20,5 (14.4)
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TABLE XIV - contimed ;.

iite of Caze ' Bowel | Motility Index :
'apsule and Diesgnosis t“;}g Radio pill (catheters) 3
(study) at study* Rest Enotion Food Prostigmims
roximal smell 67 Functional D - - - 7.5 (9.7) i
intestine diarrhoea
" 83 (1) Systemic D 9.8 (0.1) - 1.7 (0.3) %.3 (10.6) 1
nastocytosis i
erminal ileum 35 §13 Control N 0.9 Ei.,og 1.7 E1.8)> 2,; (o.g) 3.3 gg)\ ;
N 58 1 " N oe? 292# 0014- 2,24. Oo 50 ) 03 e !
reximael colon 35 gz; b K G.ljg- (12.7) - 1.5 2,3§ Te3 §7.1S ;
: ig 2] : z; ;g (;573) - b (1.4 25.4 (0.6) ;.
" 45 " N 0.6 §38:7) - - -
b T Steatorrhoea c 1,0 214,5) Ock (16.1) 1.4 %;4.6) 3.7 (22,4)

g 83 (2) Systemic D 1.5 (0,0) - 2,2 {0.,1) 11.5 (2.9) =
mastocytosis !
istal colon 35 53) Co:nrt:x'ol‘Yt N 9.7 E‘I.C) - 14,5 g&d) 69.8 56.7) !
i Ly (1 " N 16.2 (15.7) 27.8 (&7) 9.7 (5.2) L5 (40.4) |

" M (2 " N 21.9 - - -

) 51 " N 1.9 (0.2) & = -



type I and type III waves; waves of types I and II were scen in
tracings from the colon and rectun, Pressure waves from the csecunm
and proximal colon were usually of shorter duration than those

obseived in the distal large intestine., The mean duration of the
bressure waves from the ceecum and right colon in four control subjects
during the resting phase was 10,1 seconds, the coxresponding figure for
the distal colon and rectum being 19.% seconds, After food and
Prostigmine there was no appreciable difference in the duration of the
waves from these sites, the values being 17.8 seconds and 20,2 seconds
for the proximal large intestine and 17.3 seconds and 18,3 seconds for
the left colon and rectum,

The gestro-colic reflex which had not been recognised in the
catheter traces was seen in recordings from the proximal colon (Figures
42 and 43).

Table XIV lists the results of the radiotelenetering studies. The
figures in brackets under the headings of "motor activity (%) and
"motility index" represent the results of simultaneous catheter studies
of the distal large intestine, dJudged by the motility index the
control subjects had more activity in the distal colon then the proximal
colon during the resting phase while the reverse was true after food and
efter Prostignine (studies 35 (2), 38 (2), 43 énd 45).  In the patient
with constipation (case 74) the distel large intestine was more active
throughout the recording. By contrast, the patient who hed diarrhoea

at the time of study (study 83 (2) ) hed more activity in the proximal

e,
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i Figure 4h: The large intestins:  the effect of Prostignine in a control

K subject (case L&), Radiotelemstering capsule (first trace)
attached to cathetar assembly 2.5 em. below the highest
recording tip (third trace) and 4.5 cm. sbove the intermediate
recording tip (fourth trace), Lead I and the trace from
capsule are qualitatively similar, The second trace
repressnts the signal strength which remains steedy apart freom
small fluctuations coinciding with the pressure waves. Paper
speed 0.5 mm. per second (one small square equals 10 seconds ).



TABLE XV = The effect of 5-hydroxytryptemine on the motility of the
large imtestine in three control subjects

Yotor Activity (%) Eotility Index
Redic pill (catheters) Radio pill (catheters)

Caze 45. Capsule in ascending colon.

Resting phase I: 30 mimutes 1.1 (55.6) 0.6 (38.7)

Resting phass IT: " 5.4 (56.7) 2,1 (49.7

S~nydroxyirypteming I: 0% to 20 mimites 33.1 (10.0) 12.6 {6.6)

S5-hydroxytryptemine II: 20 to 10 mimutes 24,8 (30.0) 12,7 (19.7)
Case 43, Cspsule in caecunm.

Resting phase = 48 mimites 12,6 (25.3) 5.3 (20.7)

S5-hydrozytryptemine ¢ O to 14 mimtes 8.5 (22.3) 3.3 (13.7)
Case 51, Capsule in left traensverse colon.

Resting phase: 30 minutes - 16,2 (0.9) 51,9 (0.2)

S-hydrexytryptemine: O to 12 mimtes 0.0 (0.0) 0,0 {0,0)

% "0" denotes start of infusion.
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colon than in the distal colon aﬁd rectum,

A compariaon of the traces obtained with the pill and the catheters
was made in study 44 (1), The pill was tied to the catheter assembly
2.5 cms below the highest recording tip. The resultant trecirg showed
that the wave forms in lead I and in the trace from the capsule were
identicsl (Figure 44). However, the waves recorded by the capsule
were not as high as those in lead I although they were higher than
those in lead I1.

The effect of systemic h-hydroxytrypbamine on the motility of the
lerge intestine wes investigated in three studies (cases 43, 45 and 51)
(Table XV). The resting pattern of motility was first recorded and
af'ter an intravenocus injection of normel saline S-hydroxytryptamine weas
irfused at the rates of 1 mg. per minufe for three mimutes, 2 mg. per
minute for two mimites and 3 mg. per minute for ons mirute. Table XV
shows that case 45, in whom the unattached capsule remained in the
proximal large intestine throughout the experiment, responded to the
drug with augmented motility of the proximel colon and diminished
motility of the distal colon and rectur. Figures 45 and 46 show that
in this subject the effect of 5-hydroxytryptamire on the distel large
intestine began almost immediately ard lasted for approximately seven
and ong=half mimites after the infusion hed been stopped. The response
of the preximal .colon appeared later but lasted f'or the same length of
time. The subject experienced a fleeling of warmth in the arm used for

the infusion but had no other symptoms,
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Case 43 complained of faintness and beceme pale with a rapid
ngpready” pulse as soon as 0.5 mg. of the drug had been administered.
There were no abdominal symptoms, Two further attenpts produced the
some resction and the experiment was sbandoned. Table XV shows that
the dose of 5-hydroxytrypitemine used had no definlte effect on
notility.

In the third subject (case 51) the capsule was initially in the
ascending colon and 1ts position was verified rediologically. lowever,
shortly after the recording of the resting pattern had commenced the
capsule moved to the left side of the transverse colon and remained
there until the conclusion of the experiment. In this subject, as
expected, the activity recorded both by the capsule and by the catheters
decreased in response to 5S-hydroxytryptemine administered at the same
rate as in case L5 (Table XV).

Thus the motility of the distal large intestine was reduced or
sbolished in both the experiments in which a total dose of 10 mg. of
5-hydroxytryptemine was infused over & time of 5 minutes. The proximal
loxrge intestine responded by augnented motility in one technically

satisfactory study.

Cinerediosraphy of the Intestine

Cineradiographic studies were performed on 41 patients and. combined
with simultancous manometric recordings in all but 2 instances. The

results of the cine films were more difficult to express than the results
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of manometric studies as they could not be quantatively analysed.
Static pictures are not well suited to express a dynamic process such
as the movements of the small intestine., Howevex, an attempt was
made to overcome this problem by srranging serial eine frames to
illustrate a particular event., Nevertheless, it is sppreciated that
this procedure does not adequately communicate the rapldity and
'complexity I the events in the small intestine.

It would not be possible to describe each cineradiographic study
gseparately. Therefore, the results will be given in the form of
general comuents and as a more detailed description of representative

studies,

General remorks

The alternation of acti#ity and quiescence which was a feature of
pressure tracings from the small and the large iqtestine was reflected
in the cineradiographic appearances. The inactivity was particulsrly
narked in the distal large intestiné which at times hed fo be stimulated
with Prostignine so that combined manometric and X-ray studies could be
perfoimed. The amsll intestine was rarely quiescent for more than two
or three minutes at a time,

In the small intestine it was not possible on the radiograpnlic
appearances to distinsuish waves of type IIT from a series of type I
waves, In particular, the presence or absence of propulsion did not
serve to separate these two wave types from each other., However,

single type I waves could be recognised because they were of shorter
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duration and casused less propulsion than waves of type III. The
" segmenting movements (type I waves) were almost invariably associated
with some degree of transport of the contrast medium which was usually
propelled 3 to 5 centimetres in either direction. However, since the
segmenting contractions were generally most freguent in the upper small
intestine the net movement of the contrast medium was in an sborad
direction. On occasions the contrast medium was seen to move 10 to 20
centimetres in a distal direction in one second., At such speeds the
velocity ef'fect would not be sufficiently great to impeair the accuracy
of the intraluminal pressure recordings from the catheters®, Classical
peristalsis consisting of & wave of relaxation preceding a slowly
progressive contraction was not observed,
Gastric emptying appeered to be largely governed by gravity in

patients who had hed the Polya operation, No obvious differences were

*The velocity effect resulting from the flow of intestinal ccentents
would depend on the rate of the flow and on the orientation of the
recording ports in relation to the direction of the flow. The maximum
positive or negative effect on a single port could not exceed a full
pressure hesad C%g—, where v = velocity of flow), The accuracy of the
pressure recordings f'rom the small intestine would therefore not be

significantly impaired as each recording tip had three separate ports.

(R. Culver, personal communication. )
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Figure 47:

The small intestine. Frames taken at four-second
intervals from the cine film from a patient who had
undergone a Polya type partial gastrectomy and in whom
symptoms of "dumping" were not induced (case 19), 1In
this and in all subsequent reproductions of the cine
films the sequence begins in the top left hand corner
and should be read from left to right in the same
manner as printed text,

The gastric remnant and the efferent loop are outlined
There is repid progress of the contrast medium through

the upper small intestine; the afferent loop has not
filled,



Pi ¢ The small intestine., Frames taken at four-second intervals
from the oine film from a patient who had had a Polya type
partial gastrectomy (case 12), In this patient the standard

, meal provoked an attack of "dumping". The film was exposed

1 at the end of the attack when the symptoms had subsided largely

I but not completely. Only the efferent loop is shown.

4 Motor activity is present although not to the same extent as

in Figure 47, the small intestine appears dilated and its

markings are indistinct.
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observed between the appearances of the contractions of the small
intestine in the oontfol subjects and in the patients after partial
gastrectomy, lHowever, in the absence of symptoms of "dumping" the
movements of the small intestine were more pronounced in the patients
after gastrectomy then in the control subjects. Patients with a
Folva type of cnsastomosis appeered to have more activity in the cine
films than patisnts who had undergone the Billroth I operation. ithen
cineradiography wes performed during symptoms of tqumping" contraclions
of the small intestine were few, In orne instance virtually complete
quiescence and "pooling" of the contrast in the small intestine
ocourred., TFigure 47 illustrates the rediological appearances in one
patient with the Polya type of anastomosis who did not have the dumping
syndrome. Figure 48 is a sequence from ore patient after the FPolya
operation in whom the cine film wes exposed at the end of an sttack of
"qunping"; the degree of motor activity is obviocusly less than in the
first patient. However, amongst the patients with the Polya
anastomosis no difference in the radiological appearances of the small
intestine was evident between patients who had not experienced the
dumping syndrome and those who had, as long as symptoms of "Jumping"
were not actually present when the film was exposed.

With regord to the colon and rectum, the cbserved contrections
were faor more infrequent than was the case in the upper small dntestine,
The movements were also slower and did not cause major alierations in

the outline of the viscus. The presence of propulsion was difficult
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to judge because the contrast medium when injected through the cathetexr
furthest away from the amus tended to run down and £ill the rectum.
Thus the viscus very quickly become completely outlined by the barium
suspension so that analward propulsion could not be distinguished.
Neveriheless, the impression goined was that contractions of the rectum

and lower sigmoid colon caused little movement of the contrast medium.

Correlation of pressure traces snd cine films from the small intestine

411 major movements which were observed in the cine films in the
vicinity of the recording tips wexre represented by pressure waves in the
corresponding leads of the manometric tracings. .The reverse was also
true; all pressure waves had their radiological counterparts. However,
beceuse of the complexity of the radiologically observed movenents and
because of the Trequent overlapping of loops of the small intestine
minor slterations in the outline of the viscus could have escaped
detection. These miﬁor contractions could have occurred while the
pressure trace remained inactive and thus it would not be correct to
state that there was complete agrecment between the manometric and the
cineradiogrephic representations of motility.

The height of the intraluminal pressure during a contraction did
not necessarily correlate with the degree of narrowing of the lumen of
the small intestine. However, high preésure vaves were assoclated with
more marked transport of the contrast medium than waves of low

anplitude,

e e —
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The small intestine, Frames taken at one-gsecond and
two-second intervals from the oine film from a patient
without the dumping syndrome after the Polya type
partial gastrectomy (cese 20), The line drawing and
the arrows in frame 1 show the position of the recording
tips in the upper small intestine,

The corresponding pressure tracing is illustrated in
Figure 50 and the correlative analysis is detailed in
the text.
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The small intestina, The Pressure tracing recorded
simultencously with the cine sequence in Figure 49, The
rumbers beneath ths panel indicate the position of the
¢ine franes in relation to the pressure tracing, Frame
1 is not represented on this pansl as it was token from
the beginning of the cine film to show the locetion of
the recording tips. ‘he correlation of the pressurs
record and cine sequence is described in the text,
Papsr speed 5 mm. per second (one small square equals
one second),



Propulsion of intestinal contents was observed both in assoc-
iation with type I activity occurring independently in one lead and
with waves appearing in two or more leads with a progressive delay.
Figures 49 and 50 illustrate the latter phenomenon., The events are
as follows:

frame 1 shows the location of the recording tips and
is not represented in the pressure record;

frames 2 and 3 show a small amount of contrast medium
being transported from the third to the second recording

tip; this movement coincides with a wave in lead III;

frames 4, 5 and 6 show that the movement of contrast
continues and the bolus is swept past the second recording tip;

a wave is recorded in lead II; in frame 5 another bolus is

entering the lower part of the field and travels towards the

first recording tip in frame 6; +the intraluminal pressure
begins to rise in lead TI;

fremes 7 and 8 show a contraction with a change in the
outline of the intestine over the first recording tip

corresponding to the peak of the wave in lead I;

in frame 9 part of the contrast medium has passed the
first recording tip and the intestine has relaxed; the wave
in lead I is complete.

However, a progressive delay in the appearance of the pressure

waves did not necessarily imply propulsion of intestinal contents.



The small inteatine, Frames taken at one-second and
two-second intervals from the cine film from a patient
with the dumping syndrome after the Billroth I type
partial gastrectomy (ocase 10), This patient had
recovered completely from an attack of "dumping" by

the time the film was exposed. The line drawing and
the arrows in frame 1 show the position of the recording
tips in the upper small intestine,

This figure corresponds in time to the first series of
numbers beneath the pressure tracing illustrated in

Figure 52, The correlative analysis is detailed in
the t&x‘b.
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The smell intestine. Pressure tracing done during the
exposure of the cine film in a patient after partial

‘gastrectony (case 10),

The first series of rumbers beneath the panel indicate
the position of the cine frames of Figure 51 in relation
to the pressure tracing, Frame 1 was taksn to show the
location of the recording tips and is not represented on
this pansel, :

The second series of numbers indicate the position of the
cine frames of Figure 53 in relation to the Pressure
tracing.

Pepsy speed 5 mm, per second (one small square equals one
second ).
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Filgure 533

The small intestine. Frames taken at one second and
two-second intervals from the same patient as in the
two preceding figures (case 10),

This figure corresponds in time to the second series of
mmbers beneath the pressure tracing illustrated in
Figure 2. The correlation of the cine sequence and -
the pressure record is described in the text.
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Figures 51 and 52 illustrate this point:
frame 1 shows the location of the three recording tips and
is not represented in the pressure tracing - in fact the second
recording tip was slightly lower when the cine film was exposed

as shovn in frame 9;

there is little activity in the vicinity of the third
recording tip in fromes 2 to 9 and, correspondingly, no pressure
waves in lead IIT1j

in frames 2 and 3 a contraction develops over the second
recording tip énd propulsion of harium occurs in frames 2 to 6;
there is activity in lead II;

frames 7, 8 and 9 show retrograde transport of contrast
medium from the first to the second recording tip ~ this
transport coincides with the latter part of the pressure wave

in lead I.

Thus progressive delay in the appearance of a wave in two or more
leads, often referred to as a "propulsive wave pattern", could in fact
represent to and fro moveuents of the intestinal contents. Figures
b2 anﬂ 53 show another example of activity of this nature:

throughout the cine sequence the small intestine remains
quiescent over the third recording tip and lead III of the pressure
tracing remains inactive;

between frames 3 and 4 forward transport of a small amount of

contrast medium from the second recording tip has occurred

et — e e



The large intestine. Frmmes taken at eight-second
intervels from the cine film from a patient with
functional dierrhoea (case 65). The line drawing
and the arrows in freme 1 show the position of the
recording tips in the distal large intestine,

The frames of this figure correspond in time to

the first series of mumbers beneath the panel
illustrated in Figure 55, The correlative analysis
is detelled in the text,
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Figure 55: The large intestine. Pressure tracing done during the
exposure of the cine film in a patient with functional
diarrhosa (case 65).
The f'irst series of rumbers beneath the panel indicate
the position of the cine frames ¢f Figure 54 in welation
to the pressure tracing and the second series of munbers
ipdicale the position of the frames of Fipure 56 relative
to the tracing.
Papor speed 1 mm. per second (one smell square equals
five seconds).
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corresponding to the latter part of the pressure wave recorded
in lead II;

retrogréde transport from the first to the second recording
tip takes place in frames 5 +o J with a return to the initial
appearances; during this time a pressure wave is recorded in

lead I,

Whether the rise in intraluminal pressure preceded the visiblo
contraction or coincided with it could not be determined in this study.
The cine camera and the chart-drive of %he polygraph were started
manually by two separate persons on a given comnand and a delay of up

to one second could have occurred in either procedure.

CLorrelation of pressure traces and cine films from the Larze intestine

Viith regard to the large intestine, not all radiclogically
observed movements had manometric counterparts, Furthermore, when
Pressure waves and contractions of the viseus occurred together the
temporal correlation between the two was not constant,

A close correlation was sometimes observed between the cine
eppearance and the pressure trace in respect of the onset of a
contraction (Figures 5k and 55, from a patient with functional
diarrhoea: |

fromes 1 to 4 show filling of the rectum over the first
recording tip;

& contraction with displacement of the contrast mediun follows



it
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The large intestine, Frames taken at intervals of 5.4
seconds from the cine film from a patient with functional
diarrhoea (case 65). The frames correspond in time to
the second series of numbers bensath the panel illustrated
in Figure 55. The correlation of the cine sequence and
the pressure record is described in the text.

The arrangement of the recording tips is the same as

that in Figure 54,
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The large intestine. Frames taken at intervals of 3,7
seconds from the cine film from a control subject (case 35).
The fremes correspond in time to the mumbers benseath the
lower panel of Figure 58. The arrangement of the
recording devices is shown in the line drawing. The
diagonal rod in the fremes is the aerial f'or the radio pill,
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Figare 58: The large intestine, Pressure tracing done during the
exposure of the eine film in a control subject (case 35).
The mumbers bancath the lower panel indicate the position
of the cine frames of Figure 57 in relation to the
tracing. Paper speed 5 mm, per second (one small sguare
equals ong second).
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in frames 5 to 8;
the pressure trace shows that the visible contraction
commenced simulitaneously with the rise in intraluminal pressure

recorded in lead I but lasted longer than did the pressure wave.

At other times no rise in intraluminal pressure accompanied &
visible contraction (Figures Sk and 55, from the same patient):
a deep ring-like contraction develops between fremes 2 and
3% and consiricts the mid-rectun over the second recording tip;
no pressure wave appears in lead II which remains completely
inactive.
Finally, visible contractions were seen to occur after the
cessation of a pressure wave (Figures 55 and 56 )i
franes 4 to 9 show a contraction teking place over the
first recording tip; the contraction has not subsided at the
end of the cine sequerce;
lead I shows that the pressure wave in fact precedes the
visible contraction which occurs while only bassal pressure is

being recorded.

Figures 57 and 58 show that the deley in the appearance of a
visible contraction was not restricted to patients with diarrhoea.
The seqguence in Figure 57 came from a control subject in whom the
radiotelemetering capsule was used:

fremes 1 to 3 show the copsule stationary at the left
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hend mergin of the rectum but a small pressure wave is being
registered in the trace from the capsule;

frames L4 and 5 show the radio pill begimning to move in
from the margin of the rectum and this movenent coincides with
the initisl part of the second pressure wave in the trace from

the capsule.
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The main aim of the present investigation was to s tudy intestinal
motility in man by the techniques of intraluminal pressure recording and
cineradiography, separately and together, employing gqualitative, quant-
jtative and correlative analysis of the motility recordings. The
following aspects of motility were studied by this approach:

the renge of motor activity of the smell and large intestine in
normel subjects and the effects on motility of emotion; food and
Prostignine;

the behaviour of the small intestine in patients who have under-
gone partial gastrectomy with particular reference to changes in
motility during the dumping syndromej

the motor activity of the distal large intestine in patients with
the irritable colon syndrore;

the motor activity of the proximal colon in relation to the
mechanisms of constipation and diarrhoea;

the functional significance of the wave forms which represent
intraluminel pressure changes.

In the study & quantitetive assessment of motility was achieved
by measuring all waves of the intraluminel pressure tracings and
caleulating as paremeters of motility the percentage motor activity,
the motility index, the mean amplitude of waves, the mean duration of
waves and the distribution of waves on the basis of amplitude and
duretion, When motility was defined in these texms the following

results emerged:
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there wes a considerable individual variation in the motor
activity of the small and large intestine in noxmel subjects; however,
motility was clearly augmernted By Prostigmine and less markedly by
enotion and food;

compared with normal subjects, patients who had undergone partisl
gastrectomy had higher levels of activity during the resting phase and
after Prostignine; they also had a more marked late response to food;

the dumping syndrome was associated vith a reduction in the
motility of the small intestine;

patients with functional diarrhoea had significantly less motor
activity of the distal large intestine than patients with {he spastic
colon;

patients with diarrhoea due to miscellancous alimentary disorders
had patterns of motility strikingly similar to those of patients with
functional diarrhoea;

in the small number of studies in which the motility of the
proximal and the distal colon was recorded simultaneously the resting
pattern of motility in normal subjects and in constipated patients
showed more activity in the distsl colon than in the proximal colon;

similar studies in patients with dierrhoea at the time of study
showed the reverse situation with a pressure gradient directed towards
the distal colon;

correlation of the intraluminal pressure recordings from the small

intestine with their cineradiogrephic counterports did not suppoxrt the
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hitherto maintained separation of type I and type III waves on the

basis of propulsive function,

In the present work motility was assessed by measurements of
intraluminal pressures with open ended catheters and radiotelemetering
capsules ard by cineradiography. Open ended saline filled catheters
have previously been found to provide an accurate and sensitive method
for pressure measurements (Davidson et alii, 1956b; Chaudhary and
Truelove, 1961a). Ingestible telemetering capsules were employed
meinly to study the proximal large intestine. Cineradiography was
combined with manometric studies in an attempt to correlate the waves
of the pressure tracings with the visually observed movements of the
intestine,

Open ended catheters are generally held to be superior to
balloons (Quigley and Brody, 1952; Code et alii, 1952; Chaudhary and
Truelove, 1961a). Unlike balloons they record true intraluminal
pPressures and the sensitivity oand dynamic response of fluid filled
catheters connected to the type of pressure transducer used in the
Present work has been found satisfactory'(Quigley and PBrody, 1952).

In this investigation, the recording system was suf ficiently
sensitive to show that the rhythnic waves of type I which constitute
the basic rhythm of the small intestine and which have previously been
assumed to be simple and monophasic (Code et alii, 1952) were in fact
complex, Catheters haove the additional advaﬁtage over balloons of not

distending the inteastine or interfering with the flow of its contents
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(Chaudhary and Truelove, 1961a), In the present study a mercury bag
was used to facilitate the passage of the catheters through the small
intestine, but since the bag was small and situated eight centimetres
distal to the first recording tip, it is unlikely that it modified
intestinal motility to any extent,

However, there are some disadvantages in the use of catheters. In
spite of the fact that intestinal contents are said not %o be forced
into a catheter of 1 mm. bore at pressures of less than 155 cm. of
water (Rowlands et «1ii, 1953), the open ends may become blocked by
mucosal folds, food or mucus, This may be overcome by using constantly
perfused catheters (Lorber and Shey, 19543 Davidson et alii, 1956b),
However, in this study the presence of a block was easily detected by
inspection of the pressure trace and remedied by gentle syringing.

The main disadvanteges of catheters are attached to their use in
the small intestins, FPlacing the catheters in the jejunum may be a
time consuming process and carries a certein failure rate, Roth and
Beams (1959) in a study of the motility of the small intestine in
patients after gastric surgery failed to place the recording balloon
in the desired position in 20 of their 3k patients, This is an
urusually high rate of failure and with practice better results cen be
obtained, In the present study the first 3 attempts did not succeed;
thereafter only 3 further failures occurred in 36 consccutive patients,
It appeared that success was least likely to be met with in patients

with active peptic ulceration,
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It should be realised that catheters may influence the motor
activity of the smsll imtestine but that this is more likely +to be due
to their presence in the oropharymx then to a direct effect on the
intestine., Therefore in the present study every effort was made to
relax and reassure the patient both before ang during the experiment.
Furthemore, partial pharjngeal anacsthesia was maintained by the use
of topical lignocaine or local anaesthetic lozenges until the catheters
were in situ.

The advantages of the radiotelemetering cespsule are obvious. The
capsule offers the most physiological method at present available for
measurements of intraluminal pressures as well os 2 means of recording
from parts of the intestine which for practical purposes are inaccessible
to study with catheters., However, most workers who have had experience
with gastro-intestinal radiotelemetering, emphasise the technical
problems attached to the use of the radio pill, The directional nature
of the signal emitted by the capsule haos led to the development of
complex systems of aerial loops (Smith and Ridgway, 1962) and omni-
directional aeriels (Connell et alii, 1963). In this work the capsule
was used chiefly to record from the proximal large intestine where
positional changes occur but infrequently and hence the phenomenon of
loss of contact created few difficulties, It may not be possible to
localise the transducer exactly in the upper small intestine even with
radiological aid, However, in this study determinetion of the site of

the strongest siznal combined with contrast radiogrephy made the
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assesament of the position of the capsule in the large intestine a
relatively simple matter.

One of the main disadvantages of the radio pill is the fact that
at least in the upper small intestine prolonged studies cannot be made
of one particular segment as the pill rapidly travels downstream
(Connell et alii, 1963). This can be obviated by anchoring the pill
by meens of a <thin thread. However, in this work such a procedure was
found to czuse even more discomfort to the patient than that which the
presence of the catheters evoked. In the large intestine anchoring
is unnecessary once the capsule has reached the desired position although
on occasions, 25 happened in case 51 of this study, unexpected progress
of the pill may defeat the object of the experiment,

The telemetering capsule compares urfavourably with open ended
catheters on another point, Whereas with catheters three oxr more
gimultaneous recordings can be made from different levels of the
intestine, only a single pressure trace is obtained from the radio pill,
This introduces the risk of a sampling error as it has been shown that
there may be considerable variation in the activity of closely adjacent
seguents of the intestine (Chaudhory and Truelove, 1961b, ¢, d).

However, it may be possible toovercome this difficulty by the simultan-

.eous use of two capsules transmitting on different radio frequencies

(Watson et alii, 1962).
The sensitivity of the radio pill to changes in enviromental

temperature, the necessity for separate calibration of each pill and
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the increasing compléxity and cost of the equipment are all factors
whnich have prevented a widespread acceptance of gastro-intestinal
telemetering. MNevertheless, selected aspects of motility can be
studied with the relatively simple equipment which was adequate for
the purpose of the present investigation. The cualitative responsé of
the radio pill was good as shown by the close similarity of the tele-
metered record and the pressure trace resulting from a catheter
recording tip in juxtaposition to the capsule (Figure L), Similar
findings were reported by Connell and Rowlands (1960)s  Judged by the
experiments in which the capsule could be recovered before its povwer
supply was exhausted the stability of calibration was satisfactory.
The experience gained in this study strongly supvorted the opinion of
Connell et alii (1963) that catheters and telemetering should be
regarded as complementary techniques, Furthermore, it was feli that
certain ospects of motility, such as the mechanism of diarrhoea, could
only be investigated by a method in which simultzneous use was made of
both devices.

In this study a single observer measured the amplitude and the
duration of the pressure waves in the rotility tracings., This procedure
was adopted because it was found that although there was good agreement
between different observers in regard to the amplitude of a pressure
wave, measurements of wave duration were subject to greater interpretative
error, By constantly using the sanme observer, inter-observer error ws

elinminated and guantitative comparison of the variocus groups of patients
2 p L P
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investigated could be made with greater validity, However, it is
eppreciated that inter-observer differences still exist in the
comparison of the resulis of this study with those of other workers.
It was felt that a quantitative way of expressing the results
was necessary in studies of intestinal motility. Therefore in the
present work motility was defined in terms of five parameters, nomely

the percentage motor activity, motility index, mean amplitude of waves,

(227N

mean duration of waves and the distribution of waves on the basisg of
amplitude ard duration. Davidson et alii (1956b), Connell (1959),
Chaudhary and Truelove (1961b) and Kim and Barbero (1963) caleulated

the percentege activity by adding the periods during which waves
occurred and expressinz the sum as a percentage of the recoxded time,
However, it is felt that this method is not satis{actory as considereble
difficulty may exist in deciding what constitutes a period of activity
when the pressure waves occur at irregular intervals, A preferable
alternative is to express the total sum of the wave durations as a
percentage of the recorded time as wes done in the present study,

The guantitative analysis of the intraluminal pressure tracings was
found to be extremely time~consuning, Electronic anelysis of the
pressure changes would be of great value in dealing with large numbers
of tracings, This could possibly be accomplished by comnecting a
computer to the output of the amplifier used in the recording procedure
or by programming a computer to "process” the pressure tracings.

In the present work ¢ineradiography was of substantial aid in
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providing information on the function of the pressure patterns observed
in the small intestine, In addition en outline of the difficuliies
which were experienced may be of aid in future studies.

When the small intestine is studied by a combination of cineradio-
graphy and manometry the exposure of the £ilm should begin when the
first portion of the contrast wedium is approaching the pressure
recording devices, Interpretation of the film is difficult when the
contrast has progressed well beyond the site of pressure recording and
superimposition of intestinal loops has occurred.

Perfect synchronization of pressure tracing and cine film is a pre-
requisite for judging the temporal relationship of the commencenent of
8 rise in intraluminal pressure and the beginning of radiologically
observed movement. This could be done by superimposing an oscillo-
scope tracing of the pressure changes on the lens of the cine camera
(Texter, 1961). In addition, simultaneous projection of the pressure
tracing and the cine film would facilitate correlative analysis. This
could be accomplished either by Texter's (1961) nethod mentioned above
or by arrenging for the pressure trace to be carried along with the

film by a special "synchronizer" connected to the film projector
(Caroli et alii, 1960), The X-ray viewing ‘table used in the present
study was not well suited for correlative analysis; a 16 mm, analysing
projector would have been preferable,

The film speeds used in this investigation, though allowing

detailed observation of the movements of the intestine, were unnecessarily
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high, Speeds of six to eight frames per second and two to three
frames per second would probably be adequate for correlative studies of
the small and the large intestine respectively. Finally, even with
the use of closed circuit television image intensification the
radiation hazard limits the length of exposure. Further advances in
X-ray physics are needed to allow longer periods of study with minimal
risk to the patient.

lHany findings reported by earlier workers were confirmed in this
study. Examples of type I and type IIT waves were recognised but the
type II waves of Adler et alii (1941) and Posey et alii (1948) could
not be identified in pressure tracinzs from the small intestine. This
accords with the experience of Foulk et alii (1954), Barbero et alii
(1958) and Connell (1961a), Bursts of rhythmic type I waves constit-
uting the basic rhythm of the small intestine (Foulk et alii, 1954)
were observed; the negative pressure deflection which of'ten occurred
as & continuation of the downstroke of a wave may have been due to a
vacuun effect in the rapidly relaxing intestine, A remarkasbly constant
rate of the basic rhythm of 11 to 12 waves per mimute was noted in this
study and has been previously reported by Foulk et alii (1954), and
Conrell (1961a). This lends support to the suggestion of 1iilton and
Suith (1956) that the slow electrical potentials of the electromyo-
graphic record from the small intestine govern the rate of the basic
rhythm.  Furthermore, at least in this study the basic rhythn

represented the fastest rate of contrzetion of which the small
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intestire was capable.

It was found that the nature of the pressure waves was not a
reliable index of propulsion. This opinion was based on the
correlative analysis of intraluminal pressure tracings and cineradio-
graphic films vhich showed that it was not possible to distinguish a
series of type I vaves from a wave of type III on the basis of the
radiological appearances. Propulsion was seen to take place with
both wave types. However, type III waves were more strongly pro-
pulsive than single waves of type I, Furthermore, a progressive delay
in the sppearance of a wave in two or more leads did not invariably
indicate propulsion because to and fro moverment of the contrast medium
was also noted with this type of activity,

Thus the results of the present study do not support the previcus
assigment of propulsive activity to type III waves alons (Posey et
alii, 1948; Rowlerds et alii, 1950a; Chapman et alii, 1952), Chapman
and Palazzo (1949) combining pressure recording and Tluoroscopy stated
that waves of type I were not propulsive whereass type III waves were.
However, they did not encounter any type IIT waves during the fluoro-
Scopic observetions and their opinion was thus not substantiated by
factual evidence, It is @lso of interest that Ingelfinger end lioss
(1943) who studied two patients with sprue found that transport of the
recording balloons was only slightly slower than normal when no waves
of type IIT were present.

It is believed therefore, that in respect of propulsion there is

no qualitative difference between type I and type III waves, any
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distinction being of a quantitative nature. Furthermore, c¢lassicel
peristalsis is not responsible for propulsion and finally, waves with
progressive dslay may or may not indicate propulsion. It is suggested
that abored transport of the intestinal contents is the result of g
pressure gradient between proximel and distal segments of the small
intestine and that thie gradient is due to the high levels of activity
Present in the upper small intestine with a Progressive decresse at lower
levels, Ridgway and Smith (1962) showed that progressively less motoxr
activity was recorded by the radio pill as it travelled down the small
intestine and in the present study the highest levels of motility were
recorded through the most proximal recording tip. The suggestion that
& pressure gradient rather than any particular vwave form is responsible
flor propulsion receives Support from Connell's observation that there
wag little or no correlation between individusl bressure waves and move-
ment of' the radio pill (Connell, MeCall, Misiewicz and Rowlands, 1963).
In the present work no attempt was made to measure intraluminal
basal pressures or intestinal "tone”,  The basal pressure in the small
intestine which has been estimated at between 6 and 10 cm, of water
(Kewentex and Kock, 1960) is largely determined by the weight of the
tissues surrounding the abdominal viscera, being the same in living
subjects and cadavers (Bdwards and Howlands, 1961), There is at
Present no satisf'actory method of meesuring the resistance of the

intestine to distension (Lipkin, Almy and Bell, 1962),
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There are few quantitative studies similar to the present one in
terms of technique end analysis and hence a comparison with the results
of other workers is rendered difficult. Of the parameters of motility
the percentage moton activity is most easily calculated and should
therefore be best suited for purposes of comparison, However, as
mentioned both by Connell (1961a) and in the present work, different
investigators have used different ways of' computing the percentege
activity., Fink (1959) calculating the percentage activity as it was
done in this study found that in fasting patients the upper small
intestine was active for 15 per cent. of the recorded time, compeared
to 32.1 per cent. in the present study. However, the method which
Fink (1959) used did not permit multiple simultaneous recordings to be
made from different levels of the small intestine as in the present
study.  Berbero et alii (1958) repbrted a mean activity of 23 per
cent, in the duodermum of children up to the age of 14 years. However,
apart from the age difference between the control subjects :in the
present study and the children investigated by Barbero's (1958) group
the routine use of sedation in the latter weakens the comparison between
the two studies. Barbero and her co-workers (1958) found that milk
augnented the activity from 23 to 50 per cent, in the first 10 ninutes;
the activity decreased to 44 per cent. and 41 per cent, during the next
two 10 mimite periods, These values are rather similar %o the 40 per
cent. in the first 10 mimites and 38.2 per cent. in the next 20 nimites

found in this study,
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According to Connell (1961&) the differences in the reported values
for percentsge moter activity may in part be due to variations in the
length of fast imposed on the patient before the study. In the present
investigation this interval was kept constant at &ix hours.

Prostigmine, as expected, augmented the percentage activity,
motility index end mean amplitude of the waves in the control subjects
of this study. This atimulation of the small intestine has been
reported by many observers (Meliahon, Code, Sauer and Bargen, 1949;
Liljedahl et elii, 1958; Kewenter and Kock, 1960) but not in quanti-
tative terms. In the present study there was a marked individual
variation in the response to Prostigmine. £lthough the dose of drug
was not adjusted to the body weight of the subject this cannot explein
the variation, since the magnitude of the response did not show an
inverse relotionship to body weight. It is more likely that, as
suggestved by Chaudhary and Truelove (19610), individuals vary in their
susceptibility to this drug.

It is appreciated that the motility of the small intestine was
studied in only a small number of control subjects. It is therefore
important that further studies should include control groups 80 that: the
norniel motility of the small intestine may be more clearly delineated.

The qualitative features of pressure recordings from the large
intestine are sufficiently well known not to require detailed
discussion. The spontaneous variations in motoxr activity, the

independent activity at different Levels of the intestine and the wave
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types have been deseribed previdusly (Connell,.1959; Chaudbary and
Truelove, 1961b; Kim and Barbero, 1963) and were observed in the
present study, Repeated studies performed in the seme subjects showed
thet the level of motility was fairly constaent in each individual when
the recordings were done in identicsol circumstances; a similar opinion
was expressed by Connell (1959),

There wzs & considerable individual varietion in the control
group in respect of the rercentage activity and motility index (Table
VII). It is possible that the variation in motility during +the
resting phase was related to the zmount of feeces in the rectum, as

.

virtuelly flat pressure tracings were often obtained from subjects in
whom the sigmoidoscopic exémination showed the rectum to be enpty. Kim
and Barbero (1963) reported higher levels of activity in the lerge
intestine in amcious children then in children who appeared relaxed

but reported that the majority of the pressure waves recorded were of
en amplitude of 2 cm, of water, In the present study, the respiratory
fluctuations often exceeded this anplitude and it is therefore difficult
to assess the accuracy of Kim and Barbero's (1963) estimate of percent-
age activity. Nevertheless, it is possible that in some of' the control
subjects the anticipation of the experiment may have created a degree

of apprehension which, thousgh not obvious to the observer, may have
influenced motility. If this were so, a particularly obvious resgonse

to the emotive interview could Perhaps have been expected in those

subjects in whom the levels of activity were at the extremes of +the
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normal range during the resting phase; however, this was not the case.

The response to the emotive interview was not constant amongst
the control subjects. The mean values of percentage activity and
notility index for the group did rise but an increase to more than 200
per cent. of the resting value was noted only 8 times of 15 during the
initiel emotive interview. Chaudhary and Truelove (1961d) reported
colonic hyperactivity during a stressful interview in & of 16 control
subjects but did not state their criteria for judging the presence of
hypersetivity.

In the present study food augmented the motility of both the
proximal and the distal large intestine; however, in the latter the
increase was not as marked as that observed during the interview and
did not reach a level of statistical significance, Prostignine,
however, caused a highly significant rise in both the percentage
activity and motility index (p < 0.C01), The augnentation of colonic
motility by Prostignine has been reported many times (Adler et elii,
1942; Atkinson et alii, 1943; liclMahon et alii, 1949; Chaudhary and
Truelove, 1961c) but has not previously been proved statistically
significant,

Studies of the motility of the small intestine were performed on
patients who had underzone partial gastrectomy because changes in
motility may be responsible for some of the undesirable results of this

operation, There can be no doubt that gastric surgery, and in

particular partial gastrectomy, has been the decisive factor in reducing
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the mortality and nmorbidity of peptic ulceration and that the majoxrity
of surgically treated patients derive benefit from the operation,
However, it should also be recognised that partial gastrectomy is
associated with a mortelity of approximately 4 per cent (Brookes,
Waterhouse and Thorn, 1960) and that peptic ulceration recurs in 1.5
rer cent, of patients after the Polya operation (Capper and Welbourn,
1955) and in a greater proportion after the Billroth T operation. In
addition about 10 per cent. of patients develop one or more of the
delayed sequelae of partial gastrectomy (I1lingworth, 1960),

Chief amongst the late complications of gastric surgery are the
dumping syndrome; enacmia due %o a deficiency of either iron,
vitomin 312 or folic acid or a combination of these; recurrent or
anastomotic ulceration; +the afferent loop syndrome, steatorrhoes and
impaired mutrition. Perhaps less common but by no means unimportant
are the late hypoglycaemic syrdrone; osteoporosis and osieomalaciz
(Deller, 1963); the nalabsorption syndrome due to bacterial invasion
of the afferent loop or to gastro-je juno-colic fistula; food bolus
obstruction and carcinoma of +he gastric remnant, Diarrhoea may or
nay not be part of = malabsorption syndrome and mey occur both after
vagal resection and when the vagus has been spared, The two late
complications of gastric surgery in which the motility of the small
intestine is of particulsr interest are the dumping syndrome and
diarrhoea,

In this study patients who had undergone gastric surgery
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had pressure tracings which were ‘quelitatively similar to those obtained
from the control group. A possible difference was the relative pre-
porderance of type III waves in the resting pattern in patients after
gastrectomy.  Furthermore, these patients usually had more activity
in lead IT than in lead IIXI, whereas in the control subjecits the latier
lead was the most active, Possibly the reason is that lead ITI was
closest to the stoma of the Polya anastomosis which could act 28 an
escape valve with rising intreluminsl pressures, If this were so, it
would have been expected that more activity would have been recorded
in lead IIJ than in the distal leads both in the patients who had had
the Billroth I operation and in those patients in whom all three
recording tips were well distal to the stoma of a Polya anastomosis.
However, this was not the case,

There was little difference between the control subjects =
patients =fter gastrectomy in respect of the percentage motor activity
during the resting phese. Hewenter and Kock (1960) using a method
very simileor to the one employed in this study reported very little
motor activity in fasting normal subjects and the same group
(Christoffersson et alii, 1962) stated that patients who had had
partial gestrectomy had equally low levels of activity. However, no
Quantitative assessment was attenpted in either of these studies,

When the motility index was used for comparison of the groups

)

both categories of petienis after partial gastrectomy had higher

resting valuecs than the control subjects, bui the difference was
dJ )

8 b e

it et o o e = b v VTS T

TS wm 2 ey s CaowEe e

DR At



. i kR i i S e Al sl laalie L oS RN S0 SR LN R SRR RE R LS50 1S SRS T L RS T RS i s e i ks LS TTRIG
el il '

statlstically significant only in the patients in whom symptoms of
"dumping" were later induced. #s a rule the interval betwsen intubation
and the beginnming of the recording was shorter in the patients who had
undergone partial gastrectomy than in the control subjects becsouse some
time was spent in negotiating the pylorus in the latter group.
Accordingly, it is possible that the motility of the intestine was
depressed by prolonged contact with the catheters. However, two of
the six patients who constituted the group "partial gastrectomy with
'dumping'" had had the Billroth I type of anastomosis which was no

more easily negotiated than the normal pylorus, Eleven of twelve
patients without the dumping syndrome hed the Polya anastomosis, and

it would be expected that if the motility of the intestine were

reduced by prolonged contact with the catheters, this group of patients
should have had the highest motility index during the resting phase;
this was not the case., The marked difference in the mean ages of the
control subjects (26.7 yeors) and the patients after gastrectomy

(58,7 years) may also be sn explanation, However, the mean age of

the patients with the dumping syndrome (55.5 years) was little different
from those without this disturbance (59.8 years). There is at present
no information on whether the motility of the small intestine bears a
relationship to chronological age, and this aspect should be studied

in future work, Nevertheless, it would be surprising to find an
increase in motility with advancing age.

In this investigation the motility of the smsll intestine was
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studied after the administration of sweetened milk. In clinical
practice warm, liquid and sweet foods are the usual precipitating
causes of the dumping syndrome after gastrectonmy. Experimentally the
symptoms have been reproduced by distension of the jejunum with a
balloon (Jordan et alii, 1957a) or by introduction into the small
intestine of hypertonic glucose (Amdrup and Balslev-Jgigensen, 1957a),
a fat suspension (Jordan et olii, 1957a) snd dilute hydrochloric smeid
(8chmid, leythaler, SchBn and Hemning, 1962), During the dumping
syndrome there is reduction in the plasma volume, hyperglycaemia,
impaired peripheral utilisation of glucose, hypokalaemia and electro-
cardiographic changes (Peddie, Jordan and DeBakey, 1957; Jordan et
alii, 1957a; liorris, Greenfield, Jordan, Peddie, Gordon and DeBakey,
1959; THowe, Candy, Le Quesne, Hobsley and Spence, 1962),

In the present investigation a mmber of abnormalities in motility
were demonstrated following the ingestion of food in the patients alter

operation, Compared with the correspording values for the resting

‘phase, the patients who experienced an attack of "duwmping" showed a

reduction in both the percentage motor activity and the motility index
of the first ten mimutes after the meal, In the individual tracings
this was evident es reduced or absent motor activity after a few
initial waves which often showed progressive delay.  Although marked,
the reduction in the percentage activity and the motility index was
not statistically significant, possibly because of the small mubers

involved and because one patient (case 25) had paradoxically mearked
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motor activity during an attack of "dumping". It should also be noted
thet this patient was the only one in whom partial gestrectomy had been
combined with vegal section. His values for the percentage activity
and motility index during the resting phase and after food were the
highest ones observed in the patients with +he dumping syndrome,

The late response to food was qualitatively similar in both
groups of petients al'ter gastric surgery end consisted of strikingly
inereased motility. During this phase patients without the dunping
syndrome ha .significantly higher values for percentage activity and
notility index than the control subjects; the difference between the
patients who expericnced symptoms of "dumping" and the control group
was not statistically significant,

There have been divergent reports of the motility of the small
intestine during provoked attacks of "Qumping™., Most radiologica
studies have reporiecd increased motility (Liljedahl et alii, 1959;
Wallensten et alii, 1959; thie and licKellar, 1960; Nattsson and
Perman, 1962). The radiological impression gained in the present work
was one of decreased motility with distension of the small intestine
and was thus similar to the findinegs of Cox and Allen (1960),  Iano-
metric studies have shown both decreased motility (Christoffersson et
alii, 1962) as in the present work and hypermotility (Glazebrook amd
Welbourn, 1952; Jordan et alii, 1957a). However, Christoffersson end
his colleagues (1962) were +the only workers who used open ended cotheters

as in the present study.
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According to the results of this study patients with and without
provoked attacks of "Aumping" differed only in their early response to
food and both groups showed hypermotility of the small intestine after
the first ten minutes following the mezl. It seems therefore, that
the conflicting results hitherto published may in part be due to a
feilure to distinguish between the immediate and late changes in
motility during provoked attacks of "dumping". Thus the reports of
hypermotility (Liljedahl et alii, 1959; Wallensten et alii, 1959 )
could be based on the observation of either the initizl short period
of activity which in this study preceded the reduction of notility ox

L

of the sustained hypermotility which followed it. Christoffersson
et elii (1962) reported a similar sequence of' changes in motility
during provoked attacks of "dumping" to that observed in the present
ﬁork although the initial motor activity lasted from two to eight
minutes in their patients.,

If it is accepted that changes in intestinal motility are seen
during attacks of "dumping" their role in the production of symptoms of
predominantly vasomotor nature has not been satisfactorily explained,
It has been shown thet there is a fell in the plesma volume when
symptoms of “"dumping" are provoked by instillation of hypertonic
glucose into the small intestine (Amdrup and Balslev-Jgrgensen, 1957a),
Furthermore, in the experimental animal hypertonic solutions cause an
influx of fluid into the lwsen of the intestine, and the influx is

directly proportionsl to the length of intestine in contact with the
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solution (Amdzrup e Balslev~J¢fgénsen, 1957b).  The rate of {luid
diffusion into the lumen is grectest in the duodenum and smallest in

the ileum (4mdrup and Balslev-Jgrgensen, 1959) but it is not influenced -
by vagel section (Amdrup and Walbom-Jgrgensen, 1962).

It has therefore been postulsted that the well-dccumented initiaslly
rapid empitying of the gastric remnant (Liljedshl et alii, 1959; Duthie
and McKellar, 19560) presents the prozximal small intestine with a lerge
smount of hyperosuolar solution, This leads to a shift of fluid from
the extravasculszr compartment into the lumen of the intestine and hence
to a loss of fluid from the intravasculer compertment with a fall in
the circulating plasma volume, This fall has been held responsible
for the vagsomotor symptoms., If this sequence of events were accepted
it could be argued that {the initial short-lived motor activity observed
in this study in association with the provoked dumping syndrome could
sexve to bring the hypertonic solution into contact with the proxinmal
snall intestine, It could then be postulated that the subsequent
hypomotility allowed the food to remain in the upper small intestire
where the rate of fluid diffusion is greatest. A constantly high level
of' motor activity as demonstrated in the patients in whom the dwnping
syndrome did not follow the standard meal would sexrve to transport the
fooldl past the most vulnerable upper reaches of the small intestire,

However, although reductions in the plasma volwae do occur,

Webber, Bender and lloore (1957) have shown that there is no close

correlation between the size of the reduction and the presence or
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eabsence of symptoms of "dumping". This fact led to the suggestion
that symptoms develop in those patients who are particularly susceptible
to hypovolaenia (Le Quesne, Hobsley and Hand, 1960). Alternatively it
has been proposed that the symptoms are the result of an inherently
abnormal response of the jejurum to food (Amdrup, 1961).

The vasomotor nature of the symptoms and their rapid onset has led
many workers to believe that a humorsl mechanism is responsible,

Horris et alii (1959) studied the changes in the plasma volume, blood
pressure, serum potassium levels, electrocardicgram, and renal function
during provoked attacks of "dumping"., This work led them to postulate
that the release of a systemicelly circulating agent, possibly adrena-
line, is responsible for the production of the dumping syndione, It
is of interest that on theoretical grounds adrenaline would be expected
to diminish the motility of the small intestine although this effect
has not been demonstrated with modern technigues and the early balloon
studies gave inconclusive results (Ingelfinger, 1943). This aspect
requires further study, Furthermore, though technically difficult,
estimations of the blood levels of adrenaline during attacks of
"dumping" would be of great interest.

Another humoral agent which has been considered to play a role in
the dumping syndrome is 5=hydroxytryptamine, This substance, which is
derived from the entero-chromaffin cells of the small intestine, is
known to provoke hypermotility of the small intestine in amimals after

intravenous sdministration (Haverback, Hogben, illoran and Terry, 1957)
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and, in some species of enimals, efter intraluminal administration
(Blilbring and Lin, 1958), S5-hydroxytryptamine has also been shown to
augment jejunal motility in man when given.intravenously‘(Hendrix,
Atkinson, Clifton and Ingelfinger, 1957) but direct contact of the
drug with the mucosal surface of the Jejurum has no effect.

Spectrofluorometric estimations of the levels of 5~hydroxytrypt-
amine in the portal and systemic venous blood in dogs have shown that
the experimentally induced dunping syndrome is associasted with hyper-
serotoninasemis (Drapanas, HeDonald end Stewart, 1962), Furthermore,
Johnson, Sloop, Jesseph and Harkins (1962) have shown that both in +the
dog and in man the increase in beripheral blood flow which accompanies
the symptoms of "dumping" could be reduced or aﬂolished by alpha-
methyl dope, This substance blocks the synthesis of S-hydroxytrypt-
amine by inhibiting the decarboxylation of 5-hydroxytryptophan (Irvine,
O'Brien and North, 1962), Johnson et alii (1962) also claimed that
alpha-methyl dopa and the S5=-nydroxytryptanine antagonist cyproheptidine
were effective in the clinical management of patients with the dumping
syndxrome,

It has therefore been suggested that the dumping syndrome could be
due to a sudden release of S-hydroxytryptamine from the stores in the
small intestine into the portal circulation, and that the resulting
high levels of the substance in the systenic circulation give rise +to
the vasomotor symptoms and the Jejunzl hypermotility, The relesse

from the small intestine could be accounted for by the distension of
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the jejumm (Bllbring and Lin, 1958) caused by rapid gastric emptying.

However, there is by no means unanimity in regerd to the role of
S=hydroxytryptanine in the production of the dumping syndrome. The
results of Johnson et alii (1962) cen be criticised on the grounds
that no attenpt was made to ascertain whether distension of the
Jejumum by an isotenic solution or by air without the production of
symptoms of "duwaping" was associated with hyperserotoninaemia,
Furthermore, Schmid et alii (1962) estimated the urinary excretion of
5-hydroxy-indolescetic acid (5-HIAA) in patients after pertial
gastrectony and their results did not support the hypothesis that 5-
hydroxytryptemine was involved in the pathogenesis of the dumping
syndrone, They instilled alternatively hypertonic glucose, 0.1 _N.
hydrochloric acid and distilled water into the upper small intestine
in three groups of patients after partial gastrectony and found no
evidence of increased excretion of 5-HIAA in the presence of symptoms
of "dumping".

With regard to the present work, the diminished motility observed
during attacks of dumping would not have been expected if 5-hydroxy-
tryptamine was causally related to the dumping syndrone, The different
responses to food which were observed in the control subjects and in
the two groups of patients after gastrectomy in this study could bve
better expleined by the following chain of events:

1. The normal rate of gastric emptying is exponential in that a

fixed fraction of the gostric contents are presented to the small
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intestine per unit of time (Hunt, 1958),

2. Partial gastrectomy leads to loss of gastric reservoir
function and repid emptying of the gastric remnant delivers an
abnormally large volume of food to the proximel small intestine.

3. The intestine responds by hypermotility which contimues in those
patients who experience no symptoms of "dumping". However, if the
dunping syndrome is precipitated, hypomotility sets in; almost
immediately as in the present study or from two to eight minutes af'ter
the me2l (Christoffersson et alii, 19562). With the cessation of the
symptoms of dumping motor activity increases to approximately the
levels observed in those patients alfter gastrectomy in whom food
produced no disagréeable symptoms,

4o The decreased motility may be causelly related to the dumping
syndrome in that the small intestine is not capable of responding
noxrmally - that is by increased activiiy - to sudden distension or to
contact with hypertonic solutions, ilowvever, a more likely aliternative
is that the hypomotility is a paraphenomenon being caused by %he same,
es yet uridentified, humoral substance which is vresponsible for the
vasomotor changes., In either case hypomotility would allow prolonged
contact between the hypertonic food and the muccsa of the upper small
intestine and could thus be expected to augment the fall in plasma
volune, In view of the results of the present study, a clinical trial
of drugs which enhance motility should be made in the treatment of the

dunping syndrome following gastric surgery.
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The humoral agent is probably not S<hydroxytryptamine (Schmid et

is therefore interssting that although the good effcet of elpha-methyl
dopa in the prevention of the dumping syndrome was attributed to its
interference with the synthesis of
1962) the drug also blocks the formation of cdrenaline,

Prostignine augmented the motility of the suall intestine in both
groups after gastrectomy, and more so in patients without the umping
syndrome, However, the difference between the +two groups was nod

4

statistically significant, probably because only two of the patients

“
in whom SJMUtOMV of "dumping” had been induced were given Prostignine,

Compared to the resting values, the incresse in motility caused by

ct

Prostiguine was statistically significant in the patients without the

dumping syndrome., The reason why patients after partial gastrectomy
showéd a greater response to the drug than did the control subjects is
not clear, but it may be related to the presence of more Ifood in the
small intestine in the fommer group tWihether %he amount of food in
the intestine modifies the response %o Prostigmine could profitably be
investigated in future work,

Chaudhery and Truelove (1961¢) in studies of the motility of the
large intestine showed that patients with the irritable colon syndrome
were more sensitive to Prostigmine than were normal subjeqts. By
analogy, it would be interesting to kuow whether patients who have

episodes of diarrhoea after gastric surgery are unduly responsive to

-alii, 1962) but may possid bly be adrenaline (liorris et alii, 1959). It

S-hydroxytryptemine (Johnson et alii,

e R PR VRS~ T S R i & o e M B

e NI

M Sl Roes 3 Al 2 i (LRSS e el R s o e T s o r~ e et ey e X g, o trp e



it i B p A sEofale et
P T LT e ket s e 1 e Sl AR P 5L N e ARNES i ety A

165

cholinergic stimulation. The present study camnot answer this
quesiion because only three patients had unexplaeined episodic diarrhoesa
and the response to Prostigmine in these patients showed 2 random
distribution. Further study on this matter is indicated.

Vagel resection is often performed as part of the surgical treat-
ment of duodenal ulceration, The reported incidence of diarrhoea
Tollowing vagotomy varies from 4 per cent. (Feggetter, 1959) to 30 per
cent. (Burge, 1960), In man the motility of the small irtestine af'texr
vagotony has not been studied with modern techniques although Roth and
Beams (1959 ) using balloons fourd that motility had not been basically
affected by the operation. ﬁuren.(1956) showed that in dogs a
reduction in motility was the immediate response to vagotomy, in the
following three months hypermotility was observed and thereafter pre-
operative levels of activity were restored. The investization of
intestinal motility after vagal resection in man is made difficult by
the fact that the resection nay be incomplete and regeneration of the
vagal fibres may occur. The success of the operation can be judgead by
the gastric acid secretion after insulin-induced hypoglycaemia but &
further complicating factor is the possibility that some of the para-~
sympathetic fibres may travel to the stomach in sympethetic nerves. Of

the patients investigated in the present study only éne had undergons

vagal resection and although in his case the small intestine was extremely

e

active after the standerd meal he declined the injection of Prostignine,

Diarrhoea is sometimes a troublesone complication of partial
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gastrectomy even when vogotomy has not been carried out, 'The
precipitate gastric emptying and enhanced late response of the small
intestine to food could obviously be of importsnce in production of
this sympten, However, disturbances of metility were frequently
present in this study in patients not suffering from disrrhoea.

Disturbed motility of the large intestine was demonstrated in
patients with the irritable colon syndrome, In the present study
patients with functionel diarrhoea hzd marked ina tivity end patients
with the spastic colon had incressed sctivity of the colon end rectum.
Judged by the motility index the difference between these tvo subgroups

the irritable colon syndrome was stetistically sigmificant through-
out all the phases of the recording. Furthermore, the patients with
functional diarrhoea had a significantly lower percentage motor activity
and notility index at rest than the control subjectﬁ.

It should be pointed out at this stage that, although the nmean
values for {the percentage asctivity and motility index showed murked and
often stetistically sigrnificant differences between control subjects,
patients with the spastic colon and patients with functional diarrhoea,
there was considerable individual variation within each of these groups,
Connell (19 59) found that slightly wmore than ore-halt of the patients
with functional bowel disorders had normal tracings, ile also found

4

that patients who had disrrhoea at the time of study had inactive

tracings although he gave no detailed analysis of his results.

Confirming this finding in a later report (Connell, 1962) he showed.

Moer

P s T T o s S e e S —— s = "
5 : - v a— x e T 1 L A s e e v o1y 7 3 T



g = " .
1 P TEb e, ar 3 41 ¥ 1 -
L e R @1 o sl e el e Ll i in s i 2na : e T R A I I WIS U TR

167

| that patients with diarrhoea had‘significantly iess "total activity"
than control subjects., However, Connell (1562) calculated "total
activity" as the product of the percentage activity and mean amplitude
of waves, but used balloons which have been shown to be inaccurate in
recording the amplitude of waves (Ritchie et alii, 1962), It is
thereliore dif'ficult to assess the significance of his findings,
particularly as he found little difference between normal subjects and
patients with diarrhoea in terms of percentage activity. As mentioned
previously, he calculated percentage activity in a way different Tfron
that used in the present work.

There have been other reports mentioning the relative inactivity
of the colon in patients with diarrhoea (Sprigss et alii, 1951; Kern
et alii, 1951; Chaudhary and Truelove, 1961b), However, until the
Present study it has not been shown with accurate technigues of pressure
recording that diarrhoea is associsted with a statistically significant
reduction in the motility of the distal large intestine,

ost workers who have studied the subject agree that emotional
stress mey at times be associated with marked changes in the Botor
function and vascularity of the colon (Cannon, 1902; Weeks, 1945;

Ay and Tulin, 1947; Alny et alii, 1949a,b; Almy et alii, 1950;
Aluy, 1951; Wener and Folonsky, 1950; ‘Vener et alii, 1952; 7elsh and
Wolf', 1960; Chaudhary and Truelove, 1951d). It has also generally
been conceded that a response to stress is not confined to patients

with functional or organic disease of the colon but that such a
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response can be elicited in many normal subjects (Almy et alii1949a,b;
Chaudhary and Truelove, 19614d).

However, it is virtually impossible to compare the results of
different groups of workers for two. reasons, Firstly, it is difficult
to judge when, and to what extent, stress has been induced; secondly,
verying and arbitrary criteria of what constitutes a significaent
colonic response have been employed in the past., While it cannot be
claimed that the first of these two difficulties has been eliminsted in
the present study, the emotive interview was conducted at a "level of
intensity" which as far as could be Judged was ecual in all patients.,
Furthermore, quantitative criteria of an sltered response of the larze
intestine were defined,

In this study only patients with functionsl disrrhoes had a
significantly higher motility index during the emotive interview than
during the resting phese, However, during the interview the notility
indices of the two groups of patients with the irritable colon syndrom
did not differ significantly from that of the control group. Further-
nore, although the numbers were small, approxinately equal proportions
of control subjects and patients with the irritable colon syndrome had
an enhanced resgonse to the emotive interview. Chaudhary and Truelove
(1961d) reported similar findings in that 25 per cent. of their control
subjects and 26 per cent. of patients with the irritsble colon syndrome
showed colomnic hyperactivity during the interview.

In the present investigation food augmented motility both in the
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control subjects and in the patients with the irritable colon SYNRIONE
The increase in the motility index was statistically significant in
patients with functional diarrhoca, However, in individual cases
there wes poor correlation between the response to the standard mneal,
and the presence or absence of =z history of intolerance to any of the
constituents of the meal,

Prostizmine coused a statistically significant rise in the percent-
age motor activity and +the motility index in control subjects as well
a8 in patients with the irritable colon syndrome, After Prostismine
patients with the spastic colon had considerably more activity end
Patients with functional diarrhoea considercbly less actlvity than

. patients in the control group although these differences were not
statisticelly significant, Chaudhary and Truelove (19610) also
reported a more marked regponse to Prostignine in patients with the
spastic colon than in normal subjects,

Opinions vary as to whether the irritsble colon syndrome has any
distinctive rediological features. Kirsner snd Palmer (1958) did not
think so, wherecas Kalser, Zion and Boclkus (1956) reported radiological

4.

ebnormalities of both “he small and the large intestine in patients with
this disorder. Lumsden and Truelove 1959 ) and Lumsden Chaudhary and
3 J
Truelove (1963) emphasised that contrast radiography of the large
intestine could contribute to the disgnosis only if no irvitant enemas

and aperients were used to bPrepere the patient rfor radiography. In the

bresent work the cineradiographic studies of the large intestine were

"
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too few in number Lo disclose possmble differences between normal
subjects and patients with disordered bowel hebiis, In view of the
relative paucity of motor activity in the distal colon and rectun,
prolonged cineradiographic exposures would be necessory to cobtain
representative records of the motility of the unstimulated large
intestine, However, even with the increased : margin of safety

offered by closed circuit television image inten sification, such
exposures would entail = considerable amount of radiation. It is
therefore considered thet every effort should be meade to devise non-
rodiclogical techniques capable of yielding similar information to that
obtained by cineradiography. Ritchie et alii (1962) have devised 2
differential unit for recording intraluminal Pressures wnich gives some
information of this nature.

The following factors have been assumed to rredispose to or 1o be
of @metiological signifiicance in the irritable colon syndrome a pasit
history of dysentery, abdominal operaticns, emotional stress, food
intolerance, broad spectrum antibiotics and misuse of purgatives
(Kalser et alii, 1956; Kirsner and Palmer, 1958; Chaudhery and
Truelove, 1962), Each one of these factors except the last two
mentioned wos observed to have precipitsted or a goravated {the disorder
in sowme of the patients of +this study, However, there were eleven
patients in whom no precipitating cause could be found, Only four

patients stated that neither emotional stress nor specific foods

initiated a relapse or aggravated slready existing symptoms; these four
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atients all had the spastic colon.
P D

In the present study particular emphasis was placed on the

.

guantitative assessiment of changes in the motility of the large intestine

induced by emotions, food =nd cholinergic stimulation, It therefore

seemed eppropriate to consider in more detail the possible role of each
of these three factors in the setiology and pathogenesis of the irritable
colon syndrome,

Clinically there was little doubt that emotional stress and the

irritable colon syndrome wers related, The onset of the disorder

¢losely followed a major emotional crisis in three patients; dn thes
and in a further nine patients nervous tension definitely agsravated

Paln or diarrhoea which were already present. Thus psychogenic
factors appeswed relevant in 12 of the 18 patvients with the irritable
colon syndronme, “his proportion is only slightly smeller than the 79
per cent, reported by Chaudhary and Truelove (1952). Furthermore, the
emotive interview performed in this study coused a statistically
Ssignificant rise in the mean notility index of the patients with
functional diarrhoea, Hence there was both clinical and experimental
evidence favouring a close relationship between psychogenic factors

and the irritable colon synirome.

However, there is also evidence to sugsest that the relationship

i} “~

between the psyche and the irritable colon nay not be a causal one,

Firstly, it is well known thot emotionsl stress can induce changes in

colonic motility in healthy control subjects as well as in patients with
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functional alimentary disorders (Almy end Tulin, 1947; Almy et alii,
1949b ). Secondly, in the present work a response to the emotive
interview was no more common amongst the patients with the irritable
colon syndrome than in the control subjects; a positive response was
observed in 8 of 16 patients with the irritable colon syndrome and 8 of
15 control subjects. Similar results were reported by Chaudhary and
Truelove (19614d). Thirdly, in the present study rno less than five of

the nine patients who had miscellaneous organic alimentary disorders

|
L.
Py

- -1

with disrrhoea ot the time of the pressure recording stated thai the
diarrhoea was definitely agsravated by nervous tension. Of the 16
patients in the miscellanesous group who had a history of intermittent
or contimious diarrhoea, regerdless of whether the stools vere loose at
the tine of study, 8 had noticed aggrevation of the diarrhoea by

%)

emnotional stress, Pinelly, the rise in the percentage motor actvivity
and motility index during the emotive interview was no grezter in the
patients with functionsl disrrhoea than in those patients in whom the
diarrhoeca was caused by proven organic slimencery disease,

Intolerance to specific foods has previously been described in
patients with the irritable colon syndrome, although true gastro-
intestinal allergy appears to be rave (Kalser et alii, 1956; Kirsner
and Pelmer, 1958).  Chaudhary and Truelove (1962) stated that 54 of
their 130 patients noticed aggravation of the symptoms by particular

items of food, In the present study 11 of the 18 patients with the

irriteble colon syndrome were considered o have intolerance to specific
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foods. However, there was no close correls tion between a clinical
history of intolerance to one or more of +he ingredients of the standard
meel on the one hand and the response of the large intestine to the meal
on the other,

Although Almy snd Kern (1952) reported inhibition of colonic motor
activity by acetylcholine, it has been repeatedly shown that cholinersic

=]

stimulation augments the motility of the large intestine (Ldler et alii,
1942;  Atkinson et alii, 1943; ink snd Friedman, 1960; Chaudhary and
Truelove (1961¢). I+ has also been proposed by Chaudhary and Truelove
(19610) that increased s sensitivity of' the colon to Darasympathetic
stimulation is common to &ll patients with the irritsble colon syndrone
and nay therefore be a factor in the pathogenesis of this disorder.
However, these authors did not submit g statistical evaluation of +the
eff'ect of Prostiguine observed in their study. The present work did
not support the concept of heic ghtened reactivity to pa asympathetic
stimulation, Although intramuscular Prostigmine cesused & significant
increase in motility both in conirol subjects and patients with the
irritable colon syndrome, the differences beiween ths response of the
control subjects on one hand and the responses of patients with the
spastic colon and with functional diarrhoea on the other were not

tatistically significant,

4}

It seems likely that some of the currently accepted views of +the
irritable colon syndrome may need Lo be modified, Firstly, it has been

generally held that psychogenic factors are of setiological significarnce
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(Kalser et 2lii, 1956; ZKirsrer and Palmer, 1958; Chaudhary and
Truelove, 1961d). Vhile this may be true in a proportion of the cases,
the findings of the present study indicate that emotional stress nay
also aggravate disrrhoes due to organic alimentary disessce, Further-
more, where a tendency to diarrhoee exisis due to local disease of the
small or the large intestine, nervous tension nay precipltate an
atitack, In such cases the clinical history may lead to an erroncous
initial diegnosis of functional alimentary disorder as heppensd in the
present study. It is therefore suggested that the role of psychogenic
factors in the irritable colon syndrome is a dual one: emotional
stress may hove aetiological significance in a proportion of the cases
but more commonly it appears to play the role of an agzravating factor.
The mechanisa whereby emotions exert their influence on the intestine
may be through increassed susceptibility of the intestine to pora-
sympathetic stimulation as suggested by Chaudhary aznd Truelove (1961¢),
although the findings of the present work do not support this hypo-
thesis.

Secondly, there are some studies vhich suggest that the irrditable
colon syndrome may not be of purely colonic orisin (Goin, 1952,
Friedman, 1954; Horowitz and Farrer, 1962). The possible role of the
small intestine in this disorder is us yet uniknown, and the manomeiric
studies of the smell intestire in the vresent work were too few to

my

pernit valid conclusionrs., ~be problem is worth future investigation

particularly with radiotelemeterins techniques.  Furtheimore, a though
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functional diarrhoeza and the spastic colon awe held to be variants of

t does as

the same disorder, objeciive evidence to support this concep
yet not exist.

It appears likely that future studies will disclose that organic
disoxders account for the symptoms of many patients who are st present
considered to have the irriteble colon syndrome, Recently some
patients with dierrhoea and intolerance to specific sugars have been
shown to have Ceficiencies of various intestinal mucosal disaccharidases
(Auricchio, Ruvino, Landolt, Semenza and Prader, 1963; .Anderson,
lesser, Townley and Freemsn, 1963). Perhaps the food intolernnce
which is seen commonly in patients with the irriteble colon syndrome is
the result of genetic or accuired enzyme disturbances in the small
intestine.

The mechanism of forward trensport of intestinal contents has long
been debated. It has been sugzested that in the small intestine waves
of type IJI are responsible for propulsion (Posey et alii, 1948;
Chapmen and Palazzo, 1949; Chopman et alii, 1950; ZRowlands et alii,
195Cb; Daniel et alii, 1959)., Type I activiiy moy also be concerned
with propulsion in the smell intestine beceuse this activity hes been
recorded during the expulsion of faeces through enteric stomas (Daniel
et alii, 1559). Propulsion in the lsrge intestire has been atiributed
to waves of types I, II and ITI (Posey et alii, 1946, 1951), It has,
hovever, been suggested that none of these wave forms are in themselves

rropulsive but that transport of the contents of thé smell and large
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intestine will tzke.place only when two or more functional segments of
the intestine contract synchronocusly (Adler et olii, 1941; DPosey et
alii, 1951). Finally, Kern et alii (1951) proposed that forward
transport in the colon depended entirely on waves of type IV,

As mentioned earlier in this Chapter, correlation of the cine-
radiographic and the manometric studies in the present investigation
indicated that no single wave form was solely responsible for pro-
pulsion in the smell intestine, It was therefore suggested that
ferward trensport was due to the pressure gradient established by high
levels of motor activity in the upper small intestine and a progressive
decrease in actiyity in the lower jejunum and ileum. The relative
inactivity of the terminal ileum in two control subjects was shown in
Table XV (studies 35(1) and 38(1)).

The mechanism of transport in the large intestine remains to be
considered, The results of the simultaneous pressure recordings from
the proximal end distal large intestine (Table XIV) provided som
information in this regard:

Judged by the motility index 2ll the control subjects had
more motor activity in the distal colon than in the proximal
colon during the resting phase;

Prostigmine, and to a lesser extent, food, reversed the
situation by inducing more activity in the proximal colon
then in the sigmoid colon and rectum;

One patient with constipation and steatorrhoea had
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considerably more activity in the distal large intestine
than in the right colon during all phases of the recording;
Finelly, in the patient with diarrhoes due to systemic
mastocytosis the ascending colon was more asctive even
during the resting phase than the distal large intestine
and *the difference became more marked after food and
Prostigmine,

Although it is appreciated that the number of studies is small,
these findings nevertheless suggest that a reversible pressure gradient
exists in the large intestine, This gradient could be expected to
effect a slow distalward movement of the contents of the large intestine
as long as the proximal colon was more aclive than the sigmoid colon,

" Although no exemples of type IV waves were seen in this study, it is
possible that the slow analward transport could be augnented by
infreguent but powerful waves of this type (Connell, 1962; Ritchie et

alii, 1962),

\0

Constipation could be eﬁpected to occur under three different sets
of circumstances, Firstly, if the pressure gradient because of hyper-
notility of the sigmoid colon wos vredominantly directed away from the
amis, illing of the rectun would be slow. Such hypermotility of the
Sigmoid colon and rectum has been shown to occur in patients with the
spastic colon by Chaudhery and Truelove (1961b) and in the present study,
Secondly, léw levels of motor actlvity throughout the intestine as seen

after prolonged misuse of cathartics (case 30) should result in

T e it et P WY TR A A SE T s T T N g 3 1y V= g = P ey 1 B A i s



BT et S i SR i S 7 e S R AR AR R | o e i) e I A i ORI A A SR
R

LRkt

178

constipation; hypothyroidism could have o similar effect on the

) " * o

intestine, This disturbence of motility moy be +the basis of whet is
conmonly referred to as atonic conati ipation, In the third verieby of
constipation, sometimes referved to as simple Qdyschezia, intestinel
motility may be normal in the early stages and the mechanisu of

constipation is probebly the diminished sensitivity of the rectum to
distension (Truelove and Reynell, 1963), The diminished sensitiviy
mey be an sccompaniment of the ageing process (Roth, Fein =nd Sturman,
1957) or it may be caused by repeated voluntary supwvression of +the
defaccation relflex,

Accelerated transport of intestinel contents leading to disrrhoea
would occur if the pressure gradient were constantly directed toward
the anus instead of beinz directed away from the anus in the resting
bowel, Such a constantly unidirectionsl pressure gradient would be
the result of the diminished or abolished motility of the distal laxge
intestine showed by Connell (1962) and by the present vork to occur in

diarrhoeal states, This concept supported by the fsct that the

contractions of the sigrmoid colon are now believed to delay rather than
to accelerate the transport of faeces to the rectum (Commell, 1962;
Ritchie et alii, 1962), The pressure gradient and thus transport could
be further auzmented by an incresse in the motility of the small

intestine or proximal colon, It may be significant that in the present

tudy the standsrd meel induced marked hypermotility of the small

ntestine in two patients with functional diarrhoes ard that both
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patients had noticed aggravation of the diarrhoea by the constituents
of the meal,
The reason for the quiescence of the sigmoid colon and rectun

and possibly the hypermotility of the small intestine and proximel colon
in diarrhoea is unexplained, Simple parasympathetic stinulation is
unlikely because Prostigaine augments the motility of the distel large
intestine although it zccelerates transport by the even nmore rroncunced
stimulation of the proximal colon shown by Fink and Friednon (1960).
It is therefore of interest that t S-hydroxytryptamine which causes
increased motility of the small intestine (Hendrix et alii, 1957) has
been reported to augeent motor activity in the proximal cclon while
abolishing the contractions of the distal large intestine (Ffink ond
Friedman, 1960), These effects of S5~hydroxytryptanine were corfirmed
in the present study and would be well suited to accelerate transport
through the intestine, Similar changes in motility are suggested as
the motor component of diarrhoea, Diarrhoea may be one of the
manifestations of the increased production of S5-hydroxytryptanine

assoclated with metastatic carcinoid tumours, It is also of interest,
that although the 24i~hour excretion of 5-HIAA has been revorted to be
normal in the irritable colon syndrone (Kowlessar, Villiams, Law and
Sleisenger, 1958) there is evidence that short periods of excessive
release of 5-hydr xyteyptomine may not be reflected in the 2L~hour

excretion of the metabolite (Peltola and LeppHnen, 1963%),

It is appreciated that the nunber of simultaneous Dressure
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recordings from the proximal and distal colon wes small, There is
thus ample scope for future work and it is felt that an approach along

the following lines would provide important information:

simultaneous studies should be mede of the motility of the
proximal and distal colon in normsl subjects and patients with
diarrhoesa to confirm or refute the smgll munber of experdiments in
the present study;

the in vivo effect of 5-hydroxytryptemine on the large intestins
should be confirmed in view of the report by Fishlock and Parks (1963)
that this substance inhibits the contractions of isolated muscle
strips from all parts of the colon;

the effect on motility of drugs which antegonise the action of
S5-hydroxytryptamine could well be studied in patients with diarrhoea;

if one of the drugs tested was found to reverse the changes in
motility associated with diarrhoea it should be subjected to a
clinical trial;

Tinally, estimation of the excretion of 5-HIAA in repeated two-
hour specimens of urine from patients with the irritable colon
Syndrome should demonstrate whether intermittent hyperserotoninaemia

is responsible for the diarrhoea which is a feature of this disorder.
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The motor activity of the digestive tract in man has previously

been investigated by & large number of methods, Valuable ini'ormation

the motility of the small and the laorge intestine has been obtained
by means of direct observation, balloons, open ended catheters, radio-
telemetering capsules, electromyogrophy snd radiography. Studies have
been made of the effectls on moﬁility o emotion, food and drugs and of
the behaviour of the intestine in peptic ulceration, the irritable colon
syndrome, ulcerative colitis and other zlimentary disorders.

However, progress in the field of motility hzs been retarded by a
mmber of factors, By necessity, many of the eurly studies were made
with equipment which was orly cepable of providing information of a
purely qualitative nature. Even in later work cuantitative analysis
of thne records hus often been neglected and stotistical evaluation of
the results has rerely been perfored, furthersore, the range of
wotility of the swmall intestine in normal subjecis has not hitherto
been defined. TFinally, the interpretation of the function of the
various wave forms encountered in motility tracings hos been largely
speculative, Tith regerd to the large intestine, this deiiciency has
been partly rectified by recent correlative manometric snd cinersadio-
sraphic studies. However, in respect of the small intestine, the
function of the waves has not been adequately studied.

Intestingl motility is necessary for the processes of trens port,
mixing, absorption snd excretion which ore the chief funciions of the

digestive tract, Foreover, disturbances of motility may be of
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importance in a number of disorders aerfecting the alimentary tract.
The post-prandial distress f'ollowing gastric surgery is of considerable
practical importance becesuse of *the frequency with which it occurs snd

because of the adverse eff'ect it nay have on the maintenance of

adequate mtrition, The motor behaviour of the small intestine has
been reported to be sghnormsal in the dumping syndrome but there is

digagreement on the nature of the abnoimality and its role in the
production of symptoms,

Changes in the motility of the 1 large intestine in patients with
the irritable colon syndrome have been demonsirated with nodern
techniques in one previous study. However, the results of this study
have yet to be confirmed. tioreover, no statistical couparison has
been made of the differences in motili ¥ between normzl subjects and
patients vwith the irritable colon syrdromne,

It was therefore decided to apuly the techrigues of inbraluninal
pressure recording and cineradiogrophy, separately and tozether, to the
study of a muzber of aspects of intestinal motility. Chief of these
were:  the range of motor activity of the smzll snd the large intestine
in nommal subjects and the effects on motility of emotion, food and
Prostigmine; +the behaviour of *he small intestine in patients after
partisl gastrectomy with particular reference to cha nges in motility during
the dumping syndrome; +the motor activity of the large intestine in
Patients with the irritable colon syndromne; the activity of proximal and

distal colen in patients with miscellancous organic alimentory disorders

TR St e 4 e R — e e e ancr T e — -
T 3 T ——— 3 . =1 - g s B T A M DA B S 2 e



i FI(T i [ biia yoaae 3 e N
Aot e h SRR RIS Sl el el o T i b i i s ISR 5 i b S A A
e il

P

T A T, 1y T = o S 7

183

with reference to the motor mechenism of constipation and diarrhoea;
and finally, the correlation of intraluninal pressure tracings wvith the
appearances of the intestine at: cinersdiography,

In the present investigation changes in intraluminal Pressure vexre
recorded mainly with open ended salirne filled catheters conrected to
pressure transducers, In a small mumber of experiments the radio-
telemetering capsule was used to record intraluminal pressures, Uine-
radiographic studies were carried out using closed circuit television

image intensif'ication. The pressure tracings were subjected to

qualitative inspection, In addition quantitative analysis was performed

by measuring the amplitude and duration of' cach pressure wave and
calculafing the following parameters of motilitys the percentage motor
activity, the motility index, the mean ocmplitude of the waves, the mean
duration of' the waves and the distribution of the waves on the basis of
amplitude ond duration, The cine films were analysed by correlating
the radiographic eppearances of the intestine with the pressure wvaves of
the manometric record,

Intestinal motility was investigated in 114 studies perfozmed on
eighty-nine subjects. The resting pattern of motility and the effecis
of food and Prostigmine on the small intestire were recorded in normsal
subjects, in patients with and without %he dumping syndrome af'ter
partial gastrectomy and in patients with miscellanecous alimentary
disorders, The motor activity in the restirg large intestine and the

effects on motility of emotion, food and Frostigmine were studied in a
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control group, in a group of patients with the irriteble colon syndrome
and in a miscellaneous group of patients with organic disorders affect-
ing the alimentsary tract, In addition, the effect of S-hydroxy-
tryptamine on the large intestire was investigated in a few control
subjects,

The present investigation showed that in the control group there
was considerable veriation in the activity of closely adjacent segments
both in the small intestine and the large intestine. There was more
activity in the proximal than in the distal segaents of' the intestine
Furthernore, there was often a marked variation in moti ility between
different subjects. However, when prolonged or repeated studies were
made in the same subject there was a reasonable degree of reproducibility,
Type I and type III waves were recognised in pressure tracings from the

small intestine and waves of types I, II and IIT in recordings from the

-

large intestine, Type IV waves were not observed. Coxrelation of
& N

the manometric records ard the cine Tilms from the small intestine
that
showed/both type I and type III waves had propulsive function: +thus
forward transport of the contents of the intestine could not be
attributed solely to weves of type III. lloreover, the progressive
delay in the appearance of a wave in the leads of the pressure record
did not necessarily indicate pro opulsion as to and fro movement of the
barium contrast medium was also observed with this type of activity,
In the normal controls Pros sUigmine , but not food, enhanced the

4.

motility of the small intestine. iiith regard to the lerge intestine,
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emotion, food and Frostigmine all augnented the motor activity, In a

AT

small number of experiments, S-liydroxytryptemine reduced oxr abolished
the motility of the distal large intestine but augmented the activity

of the proximal colon,

SIS

In the patients after partial gastrectouy the pressure tracings
from the small intestine were qualitatively similar to those obtained
from the control subjects. However, quantitative analysis revealed a
number of differences:

The patients who had undergone gastric surgery
generally had less activity in the vroximal lead than
in the more distal lesds;

The patients with %the dumping syndrome had a
significantly higher resting level of activity than
the control subjects;

The early response to food was one of reduced
motility in those patients in whom attacks of "dumping"
were provoked;

As the symptoms of "dumping" abated, the motility
increased to levels above those of the resting phase;

By contrast the early response to food was increased
motor activity of the suell intestine in patients in whonm
the standard meal did not induce disagreeable symptoms;

Both groups of patients after gastrectony had a

nore mar<ed late response to food than did the control
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subjects and the difference between the patients without
the dumping syrdrome and the control group was statistically

ek

significant;
Prostigmine enhanced motility both in the control
subjects and in the patients after gastric surgery.

It was considered that the hypomotility of the small intestine
observed during induced attacks of "dumping" was not the counse of the
symptoms but rather an accompanying phenomenon, However, it is
likely that the motor behaviour of the small intestine during provoked

-

ettacks of "dumping" would enhence the influx of fluid ‘into 4he lumen
of' the intestine and thus conmtribute to the severity of the vascmotor
syuiptoms, The increased motility which constituted the late
response to food in both groups of patients alter gastrectomy, was
considered to be due to rapid emptying of
The pressure tracings from the lerge intestine of patients with the
irriteble colon syndrome were qualitatively similar to tracings from
normel subjects, However, there were quentitative differences:
Patients with the spestic colon had significantly
higher levels of motility than patienis with functional
diarrhoea during all phases of the experiment;
Patients with the spzstic colon had a more sciive

resting pattern of motility than did the control subjects;

g

By contrast, during the resting phase patients with

G

functionsl diarrhoea had significantly less motor activity
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than did the control subjects;

.

.

The emotive interview enhanced motility both in
the control subjects and in the patients with the
irritable colon syndrome;

Furthermore, a marked response of the colon was no
more common in the patients with the irritable colon
syndrome than in the normal controls;

Food augmented motility in all groups of subjects;
however, emongst the patients with the irritable colon
syndrome there was no close correlation between
intolerance to any of the ingredients of the standard
meal and the motor response of the colon;

rostignine significantly enhenced motor activity
in all study groups;

Compared to the control subjects, patients with the
spastic colon had a more marked response to Prostignine
and petients with functional diarrhoea had a less marked .
response,

Catheter studies performed on patients with dierrhoea due to
orgaric alimentary disease showed that in these patients the motor
activity of the colon was in all respects similar to that of patlients
with functionsl diarrhoea, In particular, a marked motor T'esponse
of the colon to the emotive interview was equally common in both

groups. It was therefore felt that in the irritable colon syndrom
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emotional stress pleyed = role which was more often contributory than
causative,

The results of a limited number of simultaneous recordings from
the proximal and distal large inteatine suggested the transport of the
contents of the colon is attributable to a pressure gradient, This
gradient was reversible in the control subjects, consistently direccited
away from the anus in the patient with constipation and constantly
directed towards the anus in the patient with diarrhoea,

There are many aspects of intestinal motility which remain to be
studied in future worlk, It would clearly be desirable to investigate
further the motor activity of the small intestine in normal subjecis
and in patients with disrrhoea, The effect of drugs known to enhance
motility could be assessed experimentally and clinically in patients
with the dumping syndrome following partisl gastrectomy. With regerd
to the large intestine, further work should be underteaken to confiim or
refute the importcnce of a pressure gradient in the mechanism of
constipation arnd diarrhoea, The effect of S-hydroxyiryptemine on the
activity of the large intestine deserves further study. Ioreover, the
possibility of a relationship between intermittently excessive production
of this substence snd the irritable colon syndrome should be investigated.
Finally, an experimental and clinical evsluation of drugs which antagonise
the action of S5-hydroxytryptanine could lead to advances in the treatument
of this disorder which contirues to present a diagnostic and therepeutic

problemn,
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DEPARTHENT OF MEDICINE
INTESTINAL MOTILITY RECORD SHEET

I,

Neme Sex M F (a)
Address Phongs
Private doctor Occupation
Hospitael unit
Aga

II. Diagnosis and Conclusion
Control (B) State condition
Postgastreotomy (C) State operation

vagotony
Functional Alimentary Disorders (D)
Pain (E)
Diarrhoea (F)
Constipation (G)

Organic Alimentary Disorders (H)
Duocdenal Ulcer (I)
Ulcerative Colitis (J)
Kalsbsorption Syndrome (K)
Diverticulosis (L)
Postoperative Gut (M)

General Medical Disorders (Mc)
State condition
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IIT, Studies Performed

Duodemum (N) Small bowel (O) Largs bowel (P)
Recording technigues catheters (Q) internal diemeter
mumber location
radio pill (R) recording from to
transit time

Order of experiments:

Resting pattern (S) +time
Meal (T) composition
BEnotions (U) ocoupation, ambition, income, childhood,
fanily life, sex 1ife, fear of diseasse
Proatignine (V) dose onset before activity
side effects
Other experiments (W) specify

Cinersdiography (X)
Specify experimental periodss Film speed

Comments:

Commenta on studies:

History

Presenting symptom (note quality, duration, relation to pregnancy,
emotion, food, atc, )
Abdominal pain (Y)
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Constipation (Z)

Diarrhoea (a)

191

Food intolerance (e) milk, tomatoes, eggs, fish, omions, apples,
cebbage, chocolate, cucumber

Relieving factors
Laxative habits: No

Weight
Appetite
Diet
Alcohol

Drugs (o)

Change

Postgastrectomy symptoms

Yes (i)

duration

frequency

agent and dose
effects (?tolerance)

Tobascco

Dumping synirome (u) (mild, moderate, severe)

State symptoms:

Precipitating factors:

Late postprandial symirome (1)

Bilious vomitirg (2)

Oesophageal reflux (3)

Past History

General medical illness - diagnosis, duration, treatment
G.I. operations (&) specify type

vegotomy

time interval

indication

Family history of G.I. illnsss ox dysfunction:
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Haemoglobins
Baxrium meal:
Barium ensma:
Sigmoidoscopy:

T ¢ | B AR T o T

Special ‘Investigations
Occult blood:

Biopsy and other relevant investigations:

192

Total time of intubations
Time of intubation from mouth to smell intestinss
Total time of recording:

1.

Distribution of Activity in Diffexrent

Leads During Experimental Periods

Recoxrded time mins.

Rest Emotion Meal Prostignine

Others

Activity lead I mins, (%)

lead II mins, (%)

leed III mins, (%)

Mean activity( I+II+III§ mins, (%)
3

(
Jead T
Motility index lead II
Lead III

lMean motility index

T+IT+ITT 3
3
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2, Hean Amplitude and Mean Duration of the Intraluminal Waves During

the Different Phases of the Experiment® 5

Rest Enotion Mesal Prostignine Othexr i

Amplitude (mm, Hg.) xrange

‘ mean
Duration (sec.) range
mean

No. weves/unit time rangs

mean f

Bhytmicity Yes No

#Ths values for each lead ard the mean for the thres leads were calculated separately
for the different phases of the experiment.
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3. Distribution of Waves on Amplitude-Duration Basis*

L R ———— ae

Duration (sec, ) 0=-5 6 =10 11 - 15 16 - 30 31 - 60 61 - 120 131 = 300 > 300

Phasa

AMPLITUDE (mmlHg, ) . "
0«5

| 6 =10
11 - 15

16 - 20 ;
21 - 25
1 26 = 30 :
31 =35
36 =40
¥ =145
46 = 50
51 =55

S e At
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*The valuss for each lead and the mean for the three leeds were calculated separately
for the different phases of the experiment.




: o LML o oy e il ety ol Bt b G e T LDy L e i in s i ey R Y]
i AT A e AR L = sk ¥,

g T Rt e T T Py ey e = T T

,.'w-""""i-hw
195
4, Distribution of Waves on the Basis of Duration*
Duration (sec.) 0 =20 21 = 40 > 10
No. waves per hour
*Calculated separately for the different phases of the
experiment,
5. Distribution of Waves on the Basis of Amplitude*
Amplitude (mm. Hg.) 0 =10 11 = 20 > 20
No. waves per hour
#Calculated seperately for the different phases of the
experiment.
Mm"“mn-m_
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6. Percentage Increase (+) or Decrease (-) in Activity

. During Various Phases of Experiment Compared with Resting Pattern*

Emotion QMeal ©Prostigmine Others

Activity lead I

lead II

lead III

Lead I + II + III

*Based on comparison of motility indices.
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Appendix B

Tha names and unit mmbors of subiests who undsitwent

Studies of ivntestinal motility

L. Control Subjects

Name Studies* Hospital
unit no,
1 Collins, J, S L ¢ Yatala
2 Farmer, R, S ¢ 16935/62
53 Hemmerstein, R, S L ¢ Yatala
4 Herold, E, S L ¢ Yatala
5 Howard, I, S C Yatala
6 Onofreiczuk, I, S ¢ 13503/62
7 Whenan, A, c Yatala
35 Ash, K, L C R Yatala
36 Brace, D, L Yatala
37 Bramley, M. L 22882/62
38 Carson, L, L C R Yatala
39 Crispin, V, L C 23655/62
40 Dunn, M, L Yatala
1 Eawards, M, L 010829
L2 Hepburn, A, L Yatala
43 Hilmi, L, L R 0181441
4. Josephs, K, L CR Yatala
45 McNeish, ¥, L R Yatela
L6 Pritchard, C, L Yatalia
47 Richardson, J, L ¢C 19485/62

197

catheter studies of the small intestine
catheter studies of the Jarge intestins
cimeradiography

R= radiotelemetoring

“Abbreviations:

S
L
c
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48 Stewart, J. L 16545/62
&3 Wilson, J. L Yatala
50 Wright, W L Yatala
51 Yates, R L R Yatala
52 Yeing, G, L C Yatala
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II.

Patients who had underzons partial gastrectomy

8 Francis, C, Billxoth I 4 yeaxrs S ¢
9 Martin, W.» Billroth X 1 year S ¢
10 Spercu, P.* Billroth I 8 years S ¢
11 Ball, D, Polya 5 years S

12 Barrett, S.% Polya 15 years S ¢
13 Buffett, W, Polya 6 years S ¢
14 Childs, E, Polya 13 years S ¢
15 Cooper, P. Polya 11 years S ¢
16 Dillon, C.* Polya 10 years 8 ¢
17 Galvin, P,* Polya 14 yoars S ¢
18 Heyen, H, Polya 5 years c
19 Hutchins, L, Polya 14 years S ¢©
20 Lueieer, V, Polya 6 years S ¢
21 0'Halley, F. Polya 8 years 8 ¢
22 S8later, H, Polya 17 years S ¢
253 Sloan, L, Polya 7 years S ¢
24 Smith, B, Polya 6 years S ¢
25 Stepanovic,M,* Polye 2 years S ¢
26 West, K, Polya 11 yeoars S

*An attack of "dumping"
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was induced in these patients.
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Hoapital

unit no,

1473/62
015492
25265/62
19224,/62
23399/62
16478/62
15710/62
26435/62
25667/62
22348/62
23060/62
2i442/62
21522 /62
24892/62
21186/62
19608/62
19917/62
26036/62
18464,/62
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27
28
29
55
5k
55

59
60
61
62
63
6l
65
€6
67
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Petients with the irritable colon syndrome

Name

Roberts, M.*

Robertson, L.*

Smith, G.
Curgenven, M,
Paulkner, J,

Furler’ D,

Harmstorf, J.*

Hutton, J.*
Johansen, A,
Johns, E.?

Kollias, S,

Lang, E.*

Lymbercpoulos, A.*

Neeb, H.*

Pearsons, C,
Roder, R.*
Secker, M,*

Veleiko, E.*

Studies

t o o
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Hogpital
unit no,

15593/62
Yatala
008741
17238/62
O.P.D.
O.P.D,
15440/62
0.P.D,
0.P.D.
O.P.D,
0.P.D.
0.P.D.
0.P.D.
0.P.D,
C.P.D.
22,38/62
0.P.D,
0.P.D,

*The asterisked patients hed functional diarrhoea; the remaining

patients had the spastic colon.
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Patients with miscellaneous disorders*

=
B
D

Catchpool, A,

Evens, R,
Lockwood, R,
Veale, M.
Walden, S.
Lambexrt, V,
McDonald, G.
Murdeeh, M.
White, H.
Dobbin, M,
Cox, P,
Bowyer, S,
Bannister
Harley, B,
Hudson; E,
Maxtin, F,.
Morgen, M,
Hetcher, C.
Hagen, I,
Hall, N,
Olafsen, H,
Poletti, G,
Ryan, C,
Siexrp, E.
Sunner, J.
Tonkin, M,
Wiles, L.

Studies

n W ta 0o 2
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Hospitel
unit no.

009084
16992/62
18754/62
13571/62
12813/62
001428
21878/62
21866/62
18422/62
0135425
012533
014809
25365/62
007334
0.P.D.
18L74/62
0.P.D.
0.P.D.

Q.E.H. C.P.D.

15090/62
016744
0.P.D,
1555L,/62
24009/62

Q.E.H. 026384

0.P.D,
20863/62

* The diagnoses in the patients in this group are

~presented on pp 87 to 88 and in Table II.
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