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FOREWORD

WE ARE hiving in an interesting phase of medical reorientation The historic dis
tinction between physicians and surgeons dating from the Papal Bull of A D 1215
1s being replaced by spectalization of a different sort based on regions or groups of
diseases Of these the most recent 1s gastro enterology—the study of diseases of
the alimentary tract and 1ts related glands

Thus second volume 1n the series ilfustrates well the immense value of such con
centration of interest whereby the attention of men of diverse disciplines 1s focused
on a single field for here are pt and surgeons and radiologsst;

h 1 hol and broch all making their conmbuuons to the
common pool of knowledge

Thts volume may be regarded as complementary to the first 1n the sertes It 1s
1n no sense a systematic treatise but rather concentrates attention on particular
diseases new methods of mvestigatton and related features of interest

In selecting his team of contributors Dr Avery Jones has shown fine judgment
and discrimination He has ranged over most of the western world and without
exception his collaborators speak with the authonity which comes from mastership
of their special fields There can be no doubt that the book will be assured of a good
welcome

C F W ILLINGWORTH
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INTRODUCTION TO THE SECOND SERIES

THE ADVANCE of gastro enterology has proceeded more slowly than for example
the advance of cardiology mainly because there have been fewer new techniques
to use as the tools of research However good progress has been made and the
momentum 1s mcreasing particularly with the development of 1sotope studies
improved methods of determining gastric secretion and the introduction of cine
photography and new devices for recording pressure changes The one strking
advance therapeutically has been the introduction of gluten free diet for the
control of coeliac disease 1n children and for a proportion of adult patients with
steatorrhoea The ahm:nl:lry tract has shared with other systems the benefits and
disadvant: from and the cor ds and these subjects are
reviewed 1n Chapters 2 and 3 lt 1s mteresting that since the First Sertes was
published five years ago progress has continued along simple ¢clinico pathological
Iines and that new syndromes and physical signs have continued to be described
The most mportant of these have been first the chncal syndrome duv~ to car
cmod tumours of the alimentary tract and thetr associated metastases described
1n Chapter 6 by Waldenstrom Pernow and Morson and secondly the syndrome
of portal systemic encephalopathy in 1ts chronic form with which 1s usually
assoctated airrhosis hepatis with a large collaleral arculation A new and not
cause of | actually bed some years ago but again
hrough( mlo prominence 15 the Mallory Weiss syndrome {page 205) which 15 due
at the cardio h { junction due 1n turn to
th: stram of vomuting 1t 1 essentially a lesser degree of the inyury which has been
well recognized as the cause of rupture of the oesophagus Barrett (Chapter 9)
has contnibuted appreciably to our knowledge of the anatomy of the lower oeso
phagus and cardra and has given recognitton to the gastric mucosa hming the lower
part of an otherwise normal looking gullet Large chrome ulcers (Barrett s ulcers)
occur 1n this type of mucosa and not in the squamous epithelium of the true
h Studies by March (1955) have contrtbuted to a clearer under
standing of the forces concerned with oesophageat reflux and the genesis of hiatus
hernmia At the present time much work 15 being done which combines pressure
recordings and cinephotography and which will further clanfy deviations from
normality of gastro intestinal motity and sphincter control It will undoubtedly
be well represented 1n the Third Sertes of Modern Trends in Gastro enterology
Good progress has been made 1n relation to small intesttne dysfunction The
importance of the blind loop syndrome in the production of steatorthoea anaemua
and pertpheral neuntts has been clanified and our present knowledge brought
together by Badenoch 1 Chapter 15 The b effects of
have been the subject of specral study by Jackson (Chapter 16) Important work 1s
still 1n progress concerned with factors controlling absorption of folic acid and
vitamm B,; The introduction of the gluten free diet has been found to benefit an
appreciable proportion of patients with sdiopathic steatorrhoea n adults as well
as coehac dxseasc mchildren Important studies by Weyers et al (1957) have recently
hished and have 1d ghadin as the lar fraction of gluten

protem for the bol The Peutz Jeghers syndrome of
M b dPH B JS g TN ITS w B
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INTRODUCTION TO SECOND SERIES

intestinal polyposis and mucosal pigmentation has become better known and has
been reviewed by Dormandy (Chapter 7) The time 1s opportune for bninging to

gether our knowledge of collagen diseases affecting the bowel and this has been done
by Bourne (Chapter 4) Whipple s disease or intestinal lipodystrophy has assumed
a new pathology This disease causes a sprue like syndrome with rheumatic and
serous membrane mamfestations and produces a charactenstic ustological leston
with the presence of macrophages in the lymph nodes and mucosa of the small 1

testine These stain with the PAS (periodic acid schiff} and have now been shown
to be due to the presence of a glyco protein It1s thought the polyserositis represents
a state of hypersensitivity to the muco protem substance (Puite and Tesluk  1955)

Ulcerative colitis unfortunately sl remains the outstanding unsolved problem
of the large intestine but there has been a steady mcrease 1n our knowledge of 1ts
naturat history which has been studied 1n the Umited States of America by Bockus
and his colleagues (Chapter 19) Not all will agree with his conclustons concerning
the disappointing value of corticosterord therapy and many will share Witts
appraisal of its value (Chapter 2)

In relation to liver diseases much has been learnt of the factors concerned with
hepatic coma and this s fully discussed by Sherlock (Chapter 23) who has done
much of the work m this field The mortality from hepatic coma has been reduced
by a new therapeutic approach based on a clear understanding of 1ts genesis and
an important clinical advance has been the recogmition of portal systemic ence
phalopathy d with a large coll 1 1 and respond often
dramatically to a reduction of protetn intake Itisinteresting to find a new physical
sign n cirrhosis hepatis described by Terry (1954) who noted the special appear
ance of the nails 1n these patients The most valuable diagnostic advance has been
the introduction of the intravenous cholangiogram and our present knowledge of
this technique has been set out by Cummack (Chapter 21)

The observations of Aird and his colleagues on the association of duodenal ulcer
with blood Group O 15 providing a new research approach to the problem The
role and mechamsm of hyperacidity and anacidity has received much attention
since the mntroduction of the special test by Kay (1953) for the maximum secre
tory activity of the stomach (page 180) This has firmly established the relation
ship of hyperacidity and achlorhydria to panetal cell mass Hunt has continued to
llummate the mechamsm of gastric motor and secretory function with special
reference to peptic vlcer using his specal test meal technique (Chapter 10)
There have been special studies on giant ulcers and post bulbar duodenal ulcers
and these and other diagnostic problems are discussed by Pygott (Chapter 8) With
medical treatment there 1s less emphasis now on strict dietary rezimes Doll and
Pygott have luded that of many dres tested only bed rest and abstention
from smoking can be shown to accelerate the healing of gastric ulcers The present
surgical position 1s reviewed by Tanner (Chapter 12)

There has been a real advance m the cytological dragnosis of cancer of the

1 y tract by of irnigating flwids for malignant cells The con

derable degree of hieved by Raskin Kirsner and Palmer 15 described
in Chapter 5 Section III Unfortunately the techmque is rather laborious and needs
suitable experience but it 1s clearly a method which must be avarlable for specralized

adFase Rbet JA(I9S0 B cmdJS233 KyAW(195)
i H o3y Am SN d 197383 ey R (1953 Lan 11757
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umts Ocsophageal gastric duodenal pincreatic and colonic neoplasm may all
be demonstrated by this techmique
There has been o stetdy accumulation of careful studws 1n relation to pre

malignancy (Chapter 5) and in the of surgical as
1 relation to the large intestine by Naunton Morgan (Chapter 20) The importance
of has been m the work on smoking and

cancer of the lung and this has rassed the serious possibility of other carcinogens
“hxch play a role m the development of alimentary lmct cancer This possibility
d by the d of big hical varations n cancer of the

stomach whnch are discussed by Doll 1n Chapter 5 Section I Similar vanattons
are known to occur 1n carcintoma of the large bo“el

Recent years have seen a flood of publ h d. but
the tide 1s clearly receding No one concerned mlh gaslro{ntcrology can dispute
the importance of the emotional load affecting the alimentary tract and indeed 1t
accounts for an apprecmble propomon of all patrents seen 1a hospital and at
private 1 stress undoubtedly induces fi 1 disorder
particularly aerophagy and disturbance of the bowel rhythm but 1t 1s difficult to
believe that 1t 1s a primary aetiologtcal factor for organic conditions such as peptic
ulcer and ulcerative colitis The influence of the emotions 1s perhaps better con.
sidered as an h It seems probable that those who
to duodenal ulcers or ulcerative colitss have some constitutional or environmental
factor present as well as the emotional stress which undoubtedly contributes to so
many of the cases A victous circle seems to be engendered from the uncertamty of
Iife resulting from the illness and thls mduces meore nervous tension The mcreas:
1n emotional stabiluy after a 1 partial g: y or col
the importance of the somato psychic element In clinical practice it 1s orcourse
essential 1o consider the anwety factor most carefully in every case and many
patients are greatly benefited 1f the physictan can restore therr perspective

With the basic sciences there 1s still much to be learnt about secretion and
motiity In Chapter 1 Bulbning describes some of the fundamental mechamsms
concerned with smooth muscle activity of the sntestines and perhaps this work
will bnk up with the biochemical studies of Pernow and the role of polypeptide
substance P which 1s 2 potent smooth muscle stimulating compound causing
1ncreased motthity It1s possible that the continual release of this substance gives the
necessary tonic background for rhythmic activity facilitating the peristaltic reflex

Gastro enterology remains part of general medicine and surgery and represents
mdeed too big a proportion of general work ever to allow 1t to become an inde
pendent speciality In other words one does not envisage a department of gastro
enterology n every hospital Nevertheless there 1s scope and need for a certain
number of departments where spectal facilities can be provided for the clinical and
laboratory studses of gastro enterological problems A number of such depart
ments have been opened during the past decade and are responstble for the increas
1ng momentum 1n the study of this sub-speciality of medicine and surgery

‘The production of such a volume 1s the result of teamwork not only by the con
tributors but also by the staff of the Medical Department of Messrs Butterworth
& Co and T wish to pay tribute to the efficiency courtesy and helpfulness of their
medical departrent

London November 1957

F AVERY JonES
XV



INTRODUCTION TO THE FIRST SERIES

THE PURPOSE OF THIS BOOK 1S to bring together recent work 1n the gastro entero
logical aspects of medicine and surgery In many countries as in Great Britain
gastro logy 15 not an blished speciality such as cardiology or neurology
but remains within the sphere of general medicine and surgery This book 1s
therefore not written only for gastro enterologists but for physicians and
surgeons interested i this field Each section has been undertaken by someone
who has made a recent contnibution to the particular subject for such contnibutors
are best able to present an up 1o date account of therr subject with recent progress
given 1ts correct perspective

Even with 1 large volume 1t 15 not possible to give space to every aspect of the
subject and 1t makes no claim to be completely comprehensive Those fields in
which there has been most progress are best represented as for example the
oesophagus liver diseases and peptic ulcer

Gastro enterology has a greater number of unsolved aetiologrcal problems than
any other system of the body In addition to bringing together modern knowledge
an attempt has been made also to represent growmg points of research from which
important clues may be contributed to major unsolved problems such as peptic
ulcer For example the mecharusm of secreuon of acd by the stomach and
vascular anatomy of the stomach are not sections wath such intrinsic appeal to the

as the of the 'y tract Nevertheless they present

recent work which may prove of great importance There s a particular need for
more research workers to be attracted to gastro enterology and 1t 1s hoped that
this publication may have some influence in this direction

Close collab between and surgeons 15 particularly needed
gastro enterology and this 1s well reflected 1n the hst of contnibutors The application
of existing knowledge to the practical management of for example ulcerative colitis
15 posstble only if physicians and surgeons are willing to work together preferably
leaving the patient 1n one ward No apology 1s offered for introducing some details
of surgical technique where 1t has been thought desirable It 15 hoped that thereby
the surgical reader may be given valuable practical points not readily available
elsewhere and 1t 15 not without nterest for the physician to have some impression
of modern surgical methods

This publication 1s essentially representative of British and Australian work
m gastro enterology Much valuable work has been done in recent years m
America where gastro enterology has clearly been separated from general medicine
and surgery as a distmct speciahty Such American work has however been
adequately brought together i recent publications and has been more readily
available hitherto than corresponding Brtish work

1 wish to express my best thanks to the Medical Department of Messrs Butter
worth & Co for the great help they have given me

F Avery Joves
London 1952
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CHAPTER |

SMOOTH MUSCLE OF THE ALIMENTARY TRACT
EpiTit BULBRING

INTRODUCTION

TrE muscular activity of the gastro intestinal tract shows many different patterns
which have been classified under two main headings commonly known as (1)
pendular movement and (2) peristalas  The former consists tn a rhythm of
short lasting contractions recurring almost with the regulanity of the swing of 2
pendulum and these are generally believed to be of myogenic origin Peristalsts
on the other hand implies the propulsion of the intestinal contents tn response to
increased filing of the lumen and this requires the participation of a nervous
reflex A strict division of the two kinds of movement performed by visceral
muscle 15 however not possible because increased filling of the lumen usually
also stimulates pendular activity

NERVOUS REFLEX ARC IN PERISTALSIS

The penstaluie reflex thatrs the propulston of the intestinal contents in response to
distension can be demonstrated very clearly 1n an 1solated loop of ileum from the
guinea pig The exact nervous pathway tnvolved 1s still unknown Hitherto no
histological evidence 1s available to decide whether a true reflex atc or an axon
reflex1s involved nor to what extent the extrinsic nerves partrcipate It ts established
that afferent impulses from stretch receptors in the wall of the stomach travel up
the vagus (Paintal 1954 lggo 1855) but from studses on the distnbutron of vagal
fibres which have been shown not to extend beyond the durodenum it 1s not likely
that these stretch receptors are mvolved in penistalsis (Schofield 1957)

After cutting both vagi and splanchme nerves and allowing them to degenerate
(Gregory 1946 1947 Alvarez 1950) the propulsion of the contents through the
intestmal tract still proceeds though it may be somewhat impaired Recent expen
ments on ssolated loops of mtestine have shown that the penstaluc reflex evoked
by distension 1s quite normal after degeneration of all extrinsic nerves but that
it 15 abolished after removal of the mucous membrane This indicates that the
entire reflex arc 1s intrinsic and that the sensory distension receptors are situated
m the mucosa

The cructal experiment—that 15 the removal of the intramural nerve plexus
leaving both muscle coats intact—is not possible but the peristaltic reflex can be

boll by phar 1ly active sub which block some part of the
reflex arc supposed to be involved This can be achieved by substances which block
nervous conduction such as cocamne and other local anaesthetics It can be
achieved by substances which block the synaptic transmusston of the sensory
impulses to the motor neuron such as hexamethonium and also by substances
which block the action of the transmutter such as atropine which antagomzes the
action of the hetic acetylchol, on smooth
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TRANS MEMBRANE POTENTIAL OF INTESTINAL SMOOTH MUSCLE

central nenous system intact 1t maintansa tone  which depends ona self regulating
mechanism due to the sensory stretch receptors or muscle spindles situated within the
muscles These regsster changes 1n muscle length and signal them 1o the centril nervous

o
o
Fi6 1 —(a) Intracellular record
of action potential n skeletal
muscle of the frog and (5) n
intestinal smooth muscle of the
guinea pig o .
mv — —— m
5 miec 100 msec
@ )

system by the simple device of changing the frequency of impulses which they emt
This information 15 passed on to the motor neuron whose activity on which the muscle
tone depends 1s thus controlled Isclated skeletal muscle 15 unable to respond to
stretch nor 1s 1t able to maintain a tone 1L1S in a resting state

Onthe other hand the behaviour of tntestinal smooth muscle 1s entirely different
It1s never resting nerther in the body nor when it 1s 1solated but 1t151n a continuous
state of activaty 1t changes its length spontaneously by a factor of 24 and
simlarly produces a very varable tension Its tone 1s to some extent influenced
by the central nervous system but not exclusively controlled by extrinsic nerves
nor 1s the tone entirely dependent on the enteric nervous system The muscle has
thus some regulating mechanism of 1ts own

TRANS MEMBRANE POTENTIAL OF INTESTINAL SMOOTH MUSCLE

For the expeniments to be described below the longitudinal muscle of the colon 1n
the gumea pig the Taenra colt has been used throughout When a micro elec
trode 15 inserted 1mto this smooth muscle the trans membrane potential recorded 15
always lower than that of skeletal muscle
While the resting potential in skeletal mu.sc\e varies frum fibre to ﬁbre by only a
few mullivolts above or below 90 rull e
smooth muscle fibres ranges from 20 to 80 mullivolts with an average of 50 mull
volts This enormous scatter 1s probably only partly due to the very small size of
the cells (2-10 ¢ 1n diameter) which may be damaged more frequently than the
much Jarger skeletal muscle cells It has however been found that the membrane
potential 15 related to the muscle length and to the teasion which 1t produces
Tius will be more clearly und d after another diffe between
smooth and stniated muscle whichis that in resting skeletal muscle the membrane
potential 1s very stable at 90 mullivolts while 1n smooth muscle no true resting
potential can be determined because the muscle 1s continuously active The
membrane potentialis unstable 1t fluctuates and superimposed there 1s a thythmic
discharge of action potentials These spikes (Fig 15) are smaller than the action
potential of striated muscle they vary 1n size from a few to 2bout 40 mullolts
3




SMOOTH MUSCLE OF THE ALIMENTARY TRACT

muscle Yet these pharmacological measures are often inconclusive (Ambache
1955) for example 1t 1s not possible to abolish vagal effects entirely by atropine

MUSCULAR RESPONSE TO STRETCHING

Considering the response to stretching one has to remember that intestinal
muscle which has been deprived of alt nerve celis—for example the 1solated
chronically denervated and plexus free crrcular coat of the intestine of the cat
{Evans and Schild 1953)—still responds to distenston by increasing its contractions
Thus the muscular wall of the intestine responds to stretch and contracts to over
come the extension trrespective of whether nervous elements are present or not
Haw this 1s possible can be understood moare cleasly when the properties of the
smooth muscle stself are examined

ELECTRICAL POTENTIALS AND IONS

Recent advances in our knowledge have only been possible by using new methods
which have been developed for the study of the properties of nerve and skeletal
muscle and which have led to the present conception of the mechamsms involved
n the activity of ble tissues This P {Hodgkin 1951) is based on the
fact that the 1omic composition of the tissue 1s different from that in the extra
cellular flnd the potasstum concentration being greater inside the cells while the
sodium and chloride concentration 1s greater outside The electrical potental due
to this difference tn 1omic concentration can be measured accurately by using
intracellular electrodes (Ling and Gerard 1949) conststing of very fine glass
capillaries with a ip diameter of about 0 1 g filled with 3 molar potasstum chlonde
which can be inserted through the cell membrane into the interior of a muscle fibre

In the resting state the trans membrane potential of skeletal muscle 1s about 90 millt
volts the mside being negative with respect to the outstde of the cell (Fig 1a) The
resting membrane 1s 2lmost impermeable to sodium and though some small leakage of
10ms along concentration gradients takes place an actine metabolic process constantly
pumps the sodium out of the cell and at the same time absorbs potassium into the cell
(Hodgkmn and keynes 1955) In the active state there 15 2 rapid movement of sodium
and potassium 1ons across the cell membrane The electrical change associated with
these movements ts known as the action potential (Fig 1a) and 1s believed to be due
to an inttial increase of the membrane permeability to sodum 1ons folloned by a
delayed permeability to potassum tons Thus at first sodium 1ons enter the fibre at a
rapud rate and as the sodium concentration 1s so much higher outside the membrane
potential 15 reversed the outside becoming momentarity negative to the inside thrs
15 the nsing phase of the action potential  Soon potassium tons leave the fibres be
cause the potassium cancenteatian ts so much higher inside and the membrane potenteat
1s restored this 15 the falling phase of the action potential  The actual quantities
mvolved 1n the movement of 1ons are exceedingly small Nevertheless the cell incurs
a shght gan of sodwm and a shight loss of potassium which 1f exaitabihity 15 10 be
maintamed has to be made good by the metabolic processes which remove surplus
sodium out of the cell and take up lost potassmm

TONE

The behaviour of skeletal muscle at rest can be studed separately from that during
activity It has a defimute resting length and produces a definite maximal tenston in
response to a masimal stimulus In the whole orgamsm with all connexions to the

2



SPONTANEQUS ACTIVITY

Fig 3 shows the nising phase and the fallmg phase of such a small fluctuation
taken with higher amplification and on a faster moving paper In the upper
record 1t 1s clearly seen that a rise 1n tension results from the summation of indm1

dual increments 1n tension following each sptke Then before the muscle tension
reachesits peak the membrane potential rises the appearance of the spikes changes

and the intervals between the spikes ncrease No longer 1s each one followed by
an mcrement 11 tension s that the tension no longer summates and thus the muscle
relaxes this phase 1s shown m the lower part of the record

Fic 3 —Spontaneous changes in | [
membrane potential sptke fre \/‘{/L
quency and tension C

record showing rising tension 1n
upper part and falling tension 1n
lower part (Figs 3 4 6a 8 Sbare
reproduced by courtesy of the Editors
of the J Phystal}

The response of smooth muscle to extension 1s obtainable tn the presence of the
various pt it 1l agents d eatlier which would block any nervous
reflex arc It1s thus a response of the smooth muscle fibre 1tself’ This cell combines
the properties of a continuously discharging sensory organ with a contractile
mechanism Such properties make the muscle eminently suitable for its role 11 the
wall of a hollow organ the contents of which have to be mized and moved along
It does not require a nervous control mechamsm via the central nervous system
for the regulation of its tone The muscle s extensibility and at the same tume 1ts
mherent mechamsm by which 1t registers quantitatively the degree of extension
enable 1t to react by producing a proportional degree of tension It1s the change
membrane potential which detetmines the change 1n spike frequency and which 1s
thus proportional to the tension Thes 1s particularly clear during the release of a
previously stretched muscle which leads to a nise in membrane potential slowing
or cessation of the spike discharge and sudden muscular relaxation An expersment
1n which the muscle was first stretched 1n steps of 5 millimetres and then gradually
released 15 tllustrated 1n Fig 4a The changes m membrane potential were onlv
ndirectly related to the muscle length (Fig 45) but bore a stratght lme relation to
the tenston (Fig 4¢) which the muscle produced actively 1n response to extension

CORRELATION OF MEMBRANE POTENTIAL SPIKE
FREQUENCY AND TENSION
The spontancous pendular rhythm 15 probably due 10 mtermuttent stretch of
adjacent groups of muscle cells which are arranged around a maore or less distended
intestinal lumen During this basic thythm there 1s good corrclation between the
height of the membrane potential the rate of the spike discharge and the tenston
5



SMOOTH MUSCLE OF THE ALIMENTARY TRACT

causing only a pirtial depolanzition of the membrane and hardly ever a reversal

Whereas the action potential of skelet !l muscle onty lasts a few mulliseconds
smooth muscle spikes are of much longer duration They do not arise suddenly
but are preceded by a slow depolarization gradually leading to the spike deflection
This 15 an important characteristic common to tissues which are spontaneously
rhythmically active For example the slow depolanization or pre potential 15
very marked 1n the pacemaker cells of the heart The fact that the prepotential 1s
also seen 1n smooth muscle cells supports the view that the spikes are of myogenic
origin and that each cell can be regarded as a picemaker cell The average rate at
which they discharge a spike ts 1 per second but the frequency varies from 301090
per minute (Fig 2)

RESPONSE TO EXTENSION

As mentioned before 1ntesttnal smooth muscle 1s highly extensible and extension
stimulates 1t to contract The question remains s this rectton muscular or 1s 1t
due to @ nervous reflex” When the electrical activity of the muscle 1s recorded the

] +
0] s st

404
604 10 s¢c 4
(a) ®

FiG 2 —Record of tension and membrane potential showing spontaneous rhythm
Between (@) and (b) the muscle was stretched from 8 to 10 mullimetres

response to stretch 1s seen to be two fold there 1s a fall iIn membrane potential and
an increase 1n the rate of discharge of spihe potentials The most likely explanation
15 that the stretch causes deformation of the muscle cells this leads te a change in
membrane permeability and the depolanization which ensues 1s the cause of an
increase 1n spike frequency Now the spike frequency 1s directly related to the
tenston because each spike 15 followed by a small increment in tension Thus when
the muscle 15 stretched 1t 15 depolarized the rate of 1ts spontaneous spike discharge
increases and 1ts tension rises 1n proportion (Fig 2) The two records show the
muscle tension together with the membrane potential and the rhythmic spike
discharge recorded from one muscle cell The response to stretch from 8 mully
meters (first record) to 10 millimetres (second record) consists 1n a fall in membrane
potential from 60 to 40 mdlivolts a rise i spike frequency from 60 to 74 per
minute and an increase i tension from 5 to nearly 10 grammes

SPONTANEOUS ACTIVITY
Apart from these gross changes produced by exiension there are smaller
spontancous fluctuations i both records Neither the tension nor the membrane
potential 1s maintained at a steady level nor 1s the spike frequency completely
regular  Periods of faster discharge alternate with periods of slower activity
4



EXCITATION AND INHIBITION

ELECTRICAL AND PHARMACOLOGICAL EXCITATION
AND INHIBITION
There are two further ways by which the close correlation between membrane
potential spike frequency and tension can be demonstrated The fiest consists 1n
altering the electrical potential by applying to the outstde of the cells electrotontc

cuerents The second conssts in applying phar 1, lly active sub
which depolanze or hyperpolarize the membrane The application of an anodal
current 10 the outside of the cell the trans b P while a

cathodal current has the opposite effect 1t reduces the positive charge on the
outstde and d hes the trans b 1 This depolanization stimu

FIG 5 —Spontaneous pendular actvity Tension and membrane potential are recorded
The production of tension depends on the spike frequency The discharge occurs at an
approumately constant level (broken line) and the distance between the height of this
level and that of the membrane potential determmes the extent of the prepotenttals
and thus the spacing of the spikes

lates the muscle ncreasing both its electnical actvaty and uts tension whereas
anodal polanization depresses the muscle causing slowing or cessation of electrical
activity and relaxation

The nature of and nhib can be und d when 1t 15
realized that the changes produced are not as they are 1n skeletal muscle—from
rest to activity or vice versa—but that a basic moderate activity 1s changed 1n
degree Thus tsllustrated m Fig 6a where initially the muscle 1s moderately active
and where the excitatory effect of cathodal polar nise 1n spike freq
and tension—1s immeduately annulled by the inhibitory effect of anodal polanza
tion that 1s simply by reversing the polanty It 1s actually possible to imiate the
spontaneous fluctuations by applying weak polanzing currents and reversing the
polanity once or twice per minute Antagonsstic pharmacological effects appear to
be the same as those produced by opposite electrotonic currents Adrenaline (see
Fig 10a) hke anodal polanization decreases spike frequency and tension while
hast: ans Ichol pol and increase spike frequency and tension
Fig 65 shows the effect of listamine to be compared with that of cathodal polaniza
tion 1n Fig 6a The change 1n electrical activity mn response to acetylcholine 1s
shown at a lugher amplification and a faster time base 1n Fig 7

POTASSIUM EXCHANGE

If the conceptions denved from the observations on skeletal muscle and nerve
which have been described above are applied to smooth muscle one would expect

7




SMOOTH MUSCLE OF THE ALIMENTARY TRACT

periods of low membrane potential rapid spike discharge and high tension
alternate with periods when the t P | rises spike fi y slows
and the muscle relaxes It 1s not surpnising therefore to find a large scatter of
values when the membrane potential 1s measured 1n successive fibres because 1t
depends on the state of the cell that1s on the degree of 1ts activity at the moment
when the micro electrode 1s inserted and fundamentally the degree of activity 15
determined by the extent to which the preparation has been stretched

The reactton of a continuously discharging sensory organ to outside influences
consists in a change of the rate of discharge and tn the smooth muscle of necessity
thus results 1n a change of tension The rate of discharge depends on the hesght of
the membrane potential This 1s illustrated n Fig 5 which shows the spontaneous
changes tn the state of a cell and how the spacing of the spikes 1s determined by
the extent to which the pre potential has to proceed before a level (indicated by the
broken line) 1s reached at which a spihe arises At first with a migh membrane

Potential to length
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F16 4 —Stepwise stretch and release (a) are associated with changes m potential spike
frequency and tension Potentral changes are not directly related to muscle length
(b) but to the tenston which the muscle produces (¢) as a reaction to extension

potential the pre potential has to proceed a long way before a spike 1 snitrated
but when the potental falls the pre potential has to cover a shorter distance untl
the spike deflection occurs  thus spikes anse more frequently and the tension r1ses
At the end of the upper record as the membrane potential increases and the pre
potentials are once more prolonged the muscle relaxes The continuation 1n the
Jower record shows the fall 1n tension as spike discharge stops and another rise 1n
tenston resulting from a faster spike discharge
6



POTASSIUM EXCHANGE

A more powerful effect can be obtained by a pharmacological depolanizing agent
such as histamine It causes a large increase 1n spike frequency and tension (Fig
9a) with a greatly augmented rate of loss of potassium (Fig 95) It has also
been demonstrated that stretch to which the muscle offers an active resistance by
producing a tension leads to an mcreased rate of loss of potassium

Naturally duning recovery the loss incurred duning activity has to be replaced
by the metabolic processes mentioned above The time resolutton of methods
measuring the rate of uptake of radio actine potassium s not sufficient to show
rapid changes but if the muscle 1s kept in a relaxed state by depressing its actvity
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Fi16 8 —Spontancous pendular thythm Record of tension {broken
line) and the rate of loss of potassium (continuous hine) {a) in the
absence (4} in the presence of atropine
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Fi6 9 —The effect of hustamme (a) on the membrane potential spike frequency and

tension (b) on the rate of loss of potassium from the muscle associated with the pro
duction of tension
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SMOOTH MUSCLE OF THL ALIMENTARY TRACT

that during the periods of depolanzation when the rate of spike discharge 1s
rapid and the tension increases the muscle would lose potasstum at a greater
rate than during the periods of lesser activity and relaxation This can be tested by
using radio active tracers for example 2K
‘The muscle 1s Ioaded by soaking 1t mn a solution con!ammg radio actine potassium

until much of sts has b d with radio active potassium

It 1s then washed with non radio active solutton and the rate of loss of potassium 1s

meastired by the appearance of radio activity in the washing solution

Using this method 1t has been possible to show that the rate at which potassium
15 lost from the muscle 1s increased when the tension nises and that 1t 1s decreased
when the muscle relaxes Even the relatively small changes 1n tension taking place
during pendular activity can be shown to be associated with parallel fluctuations
1n the rate of loss of potassium from the muscle (Fig 8)
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F16 6 —Depolanization (a} by cathodal (—) current stimulation causes
increased electrical activity and rise in tension  Reversal of polanity
(+) causes mhibition The effect of histamine (b) ts simtlar to (a)
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Fic 7 —The effect of 5ug acetylcholine on the spontaneous spike
discharge (@) before (6) during and (c) after (Reproduced from
Gastroenterologia by courtesy of S Karger Basle)
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CONCLUSION

can be sumulated umiformly along its whole length by placing the electrode inside
the lumen alongits axis Single shocks then simulate the post ganglonic cholinergic
nerves and the muscle fibres contract in umson This s for example what happens
when impulses arrve along the vagus nerve at the nerve endings acetylcholine
13 Iiberated and lhus all cells are simultaneously exposed to the depolanzing action
of the p. C y when impulses arrive along
sympathetic nerves adrenaline and nor adi are d and all the cells
are exposed to the hyperpolanizing action of the sympathetic transmitter The
situation 1s comphicated by the fact that the vagus nerve contatns not only chol

mergic but also adrenergic fibres (Paton and Vane 1956) and that cholinergic as
well as adrenergic gangha are present 1n the wall of the intestine (Ambache 1951)

CONCLUSION

The nature of gastro intestinal mottlity 1s thus very complex but 1t can be under
stood 1f one realizes that 1t 15 the result of the integrated actvity of three different
regulating mechamsms Two of these are nervous and consist first 1n the extrinstc
sympathetic and parasympathetic innervation and secondly 1n the intrinsic nerve
plexus The third 1s the smooth muscle itself whose behaviour appears to be due to
the instabihity of its membrane This leads not only to auto rhythmecity but enables
the muscle to react like a continuously discharging receptor organ to various
stimuli chemical or mechanical by changing its thythm The frequency of the
rhythmic discharge—and therefore of the tension which the muscle pmduces—ls
determined by the herght of the b Atalow

the cells are automatically very active while at a raised membrane potential they
are less ready to discharge rmpulses Thus 1t depends very largely on the tmitial
state of the muscle cell whether a stimulant or inhibitory nerve impulse will be
effective It 1s therefore not surpnsing that m different expertmental conditions
various workers have obtaned comradlc\ory results and that they could not
distingursh strictly between purely and those lving nervous
nteraction particutarly as the transmitter substances merely increase or decrease
the automatic motility and modify 1ts pattern
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SMOOTH MUSCLE OF THE ALIMENTARY TRACT

with adrenaline 1t can be shown that during this peniod of iactivity the rate of
uptake of potasstum 1nto the muscle 1s greater than during the control periods
The effect of adrenaline on intestinal smooth muscle 1s nhibitory Adrenaline
raises the membrane potential and stops the spike discharge consequently the
muscle tension falls (Fig 10a) The rate of uptake of potasstum 1s measured
(Fig 10b) by the following method
A muscle 1s exposed to a solution containing radto active potassium for S munutes
1t 1s then washed for the next 5 munutes with normal nactive solution to wash out
extracellular spaces and during the last minute of such a 10 minute period the radio
activity m the muscle 1s determined This procedure 1s continued until the time at which
the radio activity of the muscle 1s maintained near a steady level (zero line in Fig 106)
If now during one such period of 10 minutes the muscle is relaxed by exposure
to adrenaline the muscle takes up more potassium than during control periods
Thus adrenaline appears to stimulate those reactions which take place during
recovery when the 1onic concentration instde the muscle fibres 1s restored
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Fi6 10 —The effect of adrenaline (a) on the membrane potential spike frequency and
tension (b) on the rate of uptake of by the muscle d with

CONTRACTILE MECHANISM

There 1s at present no information available about the hink connecting the events
taking place at the membrane with the contractile mechamsm but 1t 15 clear that
any contraction observed 1n smooth muscle 1s comparable with a tetanus of striated
muscle The tension produced 1s directly proportional to the sptke frequency
because 1f the rate 1s fast the h I changes foll g each spike

and the total tension rises If on the other hand the rate of spike discharge 15 slow
the mechanical changes following each spike no longer summate and the tenstort
remains stationary or falls Synchromzation of a large number of fibres has to be
achseved 1f an effective change of tension 1s to be produced When pharmaco

logical agents or electrotonic currents are applied synchrontzation 1s probably
due to a uniform change of the membrane potential m all cells Paton (1954)
has shown that n an tsolated prece of intestine the muscle of the intestinal wall
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PEPTIC ULCER

MOUTH AND PHARYNX
Momliasis
Moniliasss occurs 1n about 10 per cent of patients treated with ACTH and cortisone
and 1t 15 almost as common 1n patients treated with the hormones alone as 1n those
treated with hormones together with antibiotics (Bratlund and Holten 1954)

In typical cases the mouth the pharynx and the larynx are mvelved with
consequent dysphagia and aphomia The lestons may spread down the trachea
and into the lungs and the organtsms may be found m the stoals but it 1s debatable
whether they actually infect the intestine Generalized skin rashes or monilids may
appear Local treatment conststs of careful oral hygiene mouth washes of saturated
sodium bicarbonate solutions and pamting with gentian violet or Mercurochrome

For general Nystatin (My ) and hy dine have been
used but the lestons are often resistant Nystatin 1s given by mouth in a dosage of
500 000 unts thrice daily Hydrox dine 1s given by mt;

dup dissolved 1n 200-300 mullilitres of § per cent dextrose or normal saline
solutton The dose recommended for adults 1s 3-5 mulligrams per kilogram of
body weight daily or on alternate days Other drugs recommended for fungal
infections but probably not very effective are p hydroxybenzoic acid and fatty
acds If the infection 1s mild the hormone therapy may be continued but 1f 1t 1s
severe 1t should be suspended

Sjogren s syndrome (heratocomjunctivitis sicca)

Improvement has been seen 1n Sjogren s disease following treatment with ACTH
and cortisone with subsidence of the swelling of the glands return of secretion
and disappearance of malaise Not all cases respond however and tn the later
stages of the illness the lesions are probably irreversible (Ehrlich and Greenberg
1954 Gaulhofer 1954)

Scleroderma

Scleroderma may ivolve any part of the alimentary tract but particulasly the
oesophagus and the colon experience has shown that the results of treatment with
ACTH and cortisone have been disappointing

PEPTIC ULCER

When Selye (1936) first described the alarm reaction he noted acute gastro
mtestinal ulcers stimulation of the adrenal cortex and mvolution of the thymus
and lymphatic tissues He found that gastro intestinal ulcers still occurred m
ammals from which the adrenals had been removed and therefore they were not
dependent upon an excess of adrenocortical hormones These observations should
be borne m mind nowadays when there 15 perhaps too great a tendency to attribute
gastro mtestinal ulceration to over activity of the adrenal cortex It 1s probable
that an excess of adrenal hormones does not actually cause peptic ulcers but 1t
sensitizes the gastro duodenal mucosa to stimuli which mught otherwise be
harmless (Engel 1955)

Soon after the mtroduction of ACTH and cortisone mto therapeutics 1t was
observed that their admunistration in man was followed by a rapid increase 1n the
excretion of uropepsinogen 1n the urine (Gray et al 1954) Increases were of the
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CHAPTER 2

THE EFFECTS OF ACTH AND CORTICOSTEROIDS
ON THE ALIMENTARY TRACT

L J wirts

INTRODUCTION

THE pituitary gland controls the activity of the adrenal cortex by the secretion of
corticotrophin or ACTH Under the stimulus of ACTH the adrenal cortex pours
out three different types of hormones the gluco-corticoids the mneralo corticords
and the androgenic hormones

The gluco corticoids of which cortisone 1s an example are the hormones which
are used up 1n the so called alarm reaction or reaction to situations of acute stress
The therapeutic effect of cortisone and similar gluco-corticoids depends on ther
ability to alter the reaction of the body to noxtous stimuli and 1n particular to
decrease the inflammatory response

The mineralo corticords promote the retention of salt and the androgemc
hormones 1 excess produce virshism in the female

The three groups of hormones are closely related and overlap 1n activity
Apart from this we are not specially concerned 1n gastro enterology with the
munerato-corticord and androgenic effects of ACTH and the adrenal hormones
This chapter will therefore be devoted to the effects on the alimentary tract
for good or 1ll of the antsinflammatory and anti stressor actions of these
hormones

Methods of admimstration

ACTH may be used either 1n the form of the soluble short acting preparation
or as the gel which 1s long acting Both preparations may be given subcutaneously
or itramuscularly When a prompt and maximal effect 1s desired soluble ACTH
can be given by imtravenous dnp The gluco-corticords which have most been
employed are cortisone acetate which 15 usually given by mouth 1n tablets of 25
mlligrams and hydrocortisone acetate which 1s used for local application
Hydrocortisone 1s also prepared n the form of the free alcohol and the hemi
succinate either of which may be employed for sys\em\c or toprcal apphcauon
Recently cortisone acetate 1s tending to be displaced in the t of
disease by prednisone (dehydrocortisone) and predmisolone (dehydmhydrocortl
sone) which are gnen by mouth 1n tablets of 5 milhgrams a dose of § milligrams
bemng appr to 25 of cortisone acetate The advan
tage of predmisone and predmsolone 15 that with ordinary doses there 15 no disturb
ance of the electrolyte balance and 1t 15 not necessary to prescnibe a salt free diet
and a supplement of potassium salts Until we have more expertence of predmsone
and predmsolcne caution must be used 1n extrapolating to them expenence gained
with cortisone and hydrocortisone
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HEPATITIS

hope that they might promote healing and only a small proportion have had
exacerbations Indeed a striking case has been reported by Deutsch et al (1956)
1n which ACTH was used successfully 1n the treatment of recurrent massive gastro
intestinal haemorrhage following subtotal gastric resection in a patient whose
gastric mucosa exhubited easy bleeding and friability of tissue

Sandweiss does not beheve that peptic ulcer 1s an absolute contra indicatson to
the admmistration of ACTH and corticosteroids though he advises great cau
tion Apart however from the small doses required 1n hypopituitarism and
Addison s disease ACTH and corticosteroids should not be preseribed i the
presence of a peptic ulcer or of a hustory of ulcer unless their use 1s obligatory In
other words they should not be prescribed for patients with rheumatoid arthnitis
or ulcerative colitis with a history of peptic ulcer Some disastrous accidents have
been observed 1n ulcerative colitis where this prolibition has been disobeyed
Occasionally 1t may be necessary to try to prevent complications when their use
1s imperative In one patient with gastric ulcer and an idiopathic acquired haemo
Iytic anaemia m whom death seemed 1nevitable 1f cortisone were not contmued
a partral gastrectomy was performed and the drug was then given without incident

Gastric and duodenal nlceration in patients takmg ACTH or corticosteroids 15
often asymptomatic haemorrhage may occur without warmng and perforation
may not give the usual symptoms I there 1s any epigastric distress during corticord
therapy alumimum hydroxide and alkahs should be given—indeed some
physicians prescribe them as a routine when predmsone and predmisolone are
used—and the possibility of peptic ulcer should be seriously considered

HEPATITIS

The information to hand on the effect of ACTH and cortisone on experimental
myury or inflammation of the Inver 1s confusing No clear evidence of benefit
has been obtamed In acute hepatic failure in rats produced by the injection of
small quantities of carbon tetrachlornide into the mesentenic vetn Reynell (1955)
found that cortisone failed to reduce the mortality Similarly n chronic carbon
tetrachloride poisoning in rats Aterman and Ahmad (1953) found greater deterior
atton of liver function and more widespread liver damage 1n amimals treated with
cortisone than in the controls

In acute hepatitis in man ACTH and cortisone produce a prompt and dramatic
fall in serum bilirubin and they speed up the return of other climeal laboratory
and pathological features to normal However relapse 1s more frequent in patients
so treated than in controls possibly because of distutbances n the virus host
relationshtp which hinder the development of immunity (Evans et al  1953) The
hormones therefore are not advisable n the average case of viral hepatiis but
they may be tried when there 1s progressive hepatic destruction and coma appears
imminent They are most likely to be helpful m subacute or recurrent hepatitis
The value of the hormones 1n circhosis 1n man 1s dubious Sklar and Young (1955)
have reported 10 cases of coma or impending coma tn advanced portal circhosts
treated with cortisone or ACTH all of whom died although there was the usual
fall in serum bilirubin They commented on the absence of the usual euphonc effect
of the hormones although other authors have claimed that this can be obtamed
and 1s of value 1n errrhosts
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THE EFFECTS OF ACTH AND CORTICOSTEROIDS

order of 100 per cent and they closely followed the changes in ketosteroid excretron
This did not happen 1n patients with pernicious anaemta or after total resection
of the stomach and 1t was clear that the uropepsinogen was derved from the
cells of the st h E: 101 of the gastric juice showed a similar
increase n the acid and pepsin of the basal and nocturnal secretion though this
came a httle later and might take 7-14 days to reach 1ts maximum which was of
the order of 100400 per cent Thus part of the early increase 1n uropepsinogen
was probably due to changes n the renal threshold and though the excretion of
uropepsinogen in the urine mirrors the secretion of actd and pepsin 1n the stomach
the reflection 1s not exact Removal of the gastric antrum and vagotomy do not
alter the response It was also noted that there was a fall in the viscosity of the
gastric juice as well as a decline in the visible mucus (Hirschowitz et al  1955)

A review of the older literature and the collection of fresh data showed the close
connexion between the thalamo pituitary adrenocortical mechamism and the
secretory capacity of the stomach Increases in the excretion of uropepsinogen
follow the stress of pain trauma surgery myocardial infarction burns and strong
emotions The gastric secretion 1s depressed 1n Stmntonds s disease and Addison s
disease and 1s restored to normal by cortssone It 15 often increased in Cushing s
syndrome and 1s restored to normal by adrenalectomy Kyle et al (1956) suggest
that even mn patients without endocrine disease there 1s some correlation between
the level of gastric secretion and the quantity of ketosteroids excreted in the
urtne but ather workers have found no evidence that adrenocortical activity as
measured by appropriate physiol [ and ch [ tests 15 d 1n patients
with peptic ulcer

Exacerbation of existing ulcers and the appearance of fresh ulcers of the stomach
and duodenum with haemorrhage and perforation are not uncommon 1n patients
treated with ACTH and cortisone these hormones are equally culpable in this
respect It 1s possible that ulceration 1s more common after predmisone and predny
solone but this may be a corollary of their greater potency (Bollett et al 1955)
It was at first thought that the ulceration was the result of an increase in the
gastric secretion but this 1s a httle doubtful Ulceration 1s equally common 1n
patients with and without a history of peptic ulcer and 1t may occur before the
nise 1n hydrochloric acid and pepsin which may be delayed until the end of the
second or third week At operatton or necropsy many of the ulcers have been
found to be recent or acute At times they are much larger than the usual peptic
ulcer and they resemble the acute ulcers of the alarm reaction

Some useful figures have been collected by Sandweiss (1954) Of 50 cases recorded
m the lterature of ulceration followtng hormone therapy 22 were duodenal

ulcers 12 gastric and 2 stomal Nineteen bled 11 perforated and 4 did both 9
out of the 50 patients died Of 500 patients given short term treatment wath ACTH
or cortisone for conditions other than peptic ulcer | patient developed 2 peptic
ulcer and 8 suffered activation of existing ulcers Of 480 patients on long term
treatment with these substances 25 either developed new ulcers or suffered reactiva
tion of old ones Many of these patients were suffermg from rheumatord arthritrs
About 6-8 per cent of theumatoid patients have a history of ulcer and a number
might be expected to break down durmg any parncular period of observation
even without ACTH or cortisone Moreover ACTH and cortisone have been
deliberately given to a considerable number of patients with peptic ulcer 1n the
14




STEATORRHOEA

lymph nodes and the tumica proprit of the mucosa of the small imtestine these
macrophages apparently contain a glyco proten and they are staned by the
periodic acid Schiff reagent Whipple s disease differs climcally in the preponderant
incidence 1 males onset in middle hfe and frequent presence of fever rased
erythrocyte sedimentation rate pigmentation migratory arthritis and polyserositis
The diagnosis can sometimes be confirmed by biopsy of a peripheral lymph node
showng the typical glyco protein Treatment had hitherto been umformly un
successful with a fatal termination 1~5 years after the onset of the 1ilness

The pigmentation hypotension asthema and low 17 hetosteroid excretton
have suggested adrenal hypocorticism though they are probably secondary to the
wasting and there 1s a normal response to ACTH A more cogent reason for
expecting benefit from ACTH and corticords 15 the resemblance to one of the
coMagen diseases of such features of the silness as the fever raised erythrocyte
sedimentation rate arthritis and polyserositis Although 59 cases of Whipples
disease had been reported 1n the world literature at the time of wrting information
1s avalable for only 9 cases treated with ACTH or corticoids (Puite and Tesluk
1955 Wang et al 1956) Two of these cases died but 7 showed remarkable

provement with disap e of all symp! of 11l health 1in some Relapse
15 likely to accur unless the treatment 1s muntained but contranly 1t has alo been
known to occur despite continued therapy In patients who have come to autopsy
within a month of starting treatment no change has been seen 1n the pathological
process of intestinal lipodystrophy It 1s not yet known whether prolonged treat
ment will result 1n mobilization and removal of the glyco protein from the foam
cells

ULCERATIVE COLITIS AND REGIONAL ILEITIS

The chief interest to gastro enteralogists of ACTH and the corticords hes 1n their
apphication to the treatment of ulcerative colitis and regional ileitis Other methods
of treatment of these two diseases medical and surgical have well known dis
advantages and disappointments Both diseases are of unknown aetiology but 1n
ulcerative colitis the nature of the colonic inflammation and the occurrence of
skin rashes and arthritis have suggested that the disease might be a mamfestation
of hypersensitivity  allergic disorders are known to respond frequently to the
hormones and therefore ileitis and coliis might equally well do so The hormones
are non specific anti inflammatory and euphoric agents and might therefore be
expected to produce local and general improvement quite apart from hyper
senswtivity

On the other hand the hormones are known to impair healing and the resistance
to nfection There 15 therefore a danger that they may provoke haemorrhage
perforation abscess formation giant ulceration and bacterial and fungalinfections
In contrast to rheumatoid arthritis ulcerative colitis 1s often made worse by
pregnancy though the exacerbations commonly occur either 1n the first trimester
or after parturition not 1n the second and third tnimester when the titres of
steroid hormones are at their ughest (Crohn et al  1956)

In regional 1letis there 15 usually much cicatrization which affects the entire
intestinal wall the regional lymph nodes and the mesentery 1n ulcerative colitis
the damage although severe 15 surpnsingly superficial bemng restricted to the
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THE EFFECTS OF ACTH AND CORTICOSTEROIDS

With ACTH and cortisone there 15 considerabk risk of water
1 disease of the liver but this may be avoided by the use of prednsone and
prednisolone

STEATORRHOEA

In 1936 Verzar and McDougall claimed that the excretion of fat n the faeces of
rats increased after extirpation of the adrenal glands This finding has not been
altogether corroborated by subsequent workers and although there are superficial
resemblances between sprue and Addison s disease as there are between pernicious
and Add s disease—pig 1on asthema disturbed absorption of

water—there 15 1n fact no evidence of primary depression of the adrenal cortex
in steatorthoea The effects of ACTH and corticoids 1n this disorder therefore
are not due to supplying a deficiency but are pharmacologieal

There 1s now no doubt of the therapeutic value of ACTH and corticoids 1n the
steatorrhoea of sprue coeliac disease and idiopathic steatorrhoea Inttial failures
were due to mnad dosage or fi duration of treatment The response
15 as follows Fat absorption improves diarrhoea disappears there 1s an increased
sense of well being appetite improves and weight 1s quickly ganed The abnormal
radiological findings 1n the small intestine—the so called deficiency pattern—
return to normal There may or may not be a time lag in the response to therapy
In 1diopathuc steatorthoea fat absorption does not revert completely to normal
and relapse occurs within a few days or weeks 1f the treatment 15 interrupted The
treatment 1s of particular value in severe cases where the debilitating watery
diarrhoea can often quickly be cheched

The mode of action of the hormones 1s not entirely clear they probably subdue
the wnflammation of the mucous membrane which 1s now believed to occur in
many cases of steatorrhoea they improve peristalsis and increase the appetite
The absorption curves of glucose vitamin A 1ron and vitamun B,, have all been
shown to be improved (Drenick et al 1955 Glass 1956 Kelley etal 1955) There
1S a nise i serum calcium and serum protemns a return of the prothrombin time
to normal and an increase in chylomicron counts after fatty meals The faecal
mitrogen as well as the faecal fat decreases and anaenua improves Unfortunately
experience suggests that both in primary and in secondary steatorrhoea the
biochemical lesion may become wreversible 1n the later stages

In acute or severe cases treatment 1s best begun with ACTH—either ACTH gel
40-80 units once daily oranintravenous drp of 20 umts of ACTH 1n 500 millilitres
of physiological saline solution or 5 per cent dextrose repeated daily In debih
tated cases up to 40 umts of ntravenous ACTH may be required daily Later 1t
should be possible to change over to one of the corticoids by mouth Maintenance
doses of cortisone have commonly been of the order of 37 5-50 milligrams dauly
The equvalence of the various corticoids 1n steatorrhoea has not yet been estab
lished and presumably depends on thesr absorbability Adlersberg et al (1953) 1n
a careful comparnison m 17 cases found that hydrocortisone acetate was not
effective 1n chromc steatorrhoea but hydrocortisone free alcohol was effective

Wiipple s disease
Whpple s disease or intestinal hpodystrophy differs n pathology from sprue
and 1diopathuc steatorrhoea in the presence of Sudan negatve macrophages :n the
16



ULCLCRATIVE COLITIS AND REGIONAL JLEITIS

much change 1n the electrolyte balance It 1s doubtful whether there 1s any mntrinsic
difference between ACTH on the one hand and the corticoids on the other butn
a sick patient 1t may be easter to obtam a quick effect with ACTH and then change
to one of the corticoids Where doses larger than 37 5 milligrams a day of cortisone
or 1ts equivalent are given for any length of time occasional booster doses of
ACTH should also be given to prevent adrenal hypoplasia for example 60 units
of ACTH gel daily on 3 successive days each month

In patients treated with ACTH or cortisone | gramme of potasswum chloride
should be given 4 times a day provided it does not merease the diarchoea A close
watch should be kept on the blood chemustry although experience has shown

electrolyte disturbances to be q E: of the huls in the blood
and the 17 ketosteroids 1n the urine 1s unnecessary except where resistance to
therapy or ad tical y 15 suspected Pr may usefully be

carried out at intervals of 7-14 days

Dramatic improvement m symptoms may occur 1n 24-48 hours fever promptly
subsides the clinical signs of toxaemia disappear the erythrocyte sedimentation
rate returns to normal and there 1s a gain 1n weight The control of dsarrhoea may
be immedrate or gradual bleeding may rarely persist up to 6 weeks Abdomunal
dustress 15 quickly relieved The pattent usually feels euphonc but this 15 by no
means always the case Pre existing anxiety or depression may deepen and several
cases of swcide have been recorded Swicide of course 1s not uncommon n
patients with chrome ulcerative colitis and there 1s no evidence that 1t 15 more
common 1n patients treated with the hormones

Objective 1mprovement 1n the colon lags a good way betund the subjective
wmprovement 1n symptoms In pattents reaching the stage of complete remission
the mucosa as seen through the sigmoidoscope returns to normal 1 1-3 months
It 1s 1mportant to note that a symptomatic remission may occur tn a patient whose
colonic mucosa 1s still inflamed  such a remussion 1s unstable Unfortunatelv even
when the remission 1s complete the patient cannot be promised lasting recovery
from the disease Radiological tmprovement 15 often inapparent or greatly delayed
Nevertheless over a period of months or years pseudopolyps may resolve
spasmodic strictures may open up and haustration may return

Some of the complications of hormone therapy have already been mentioned
Treatment must often be pushed to the extent of producing Cushing s syndrome
and ths 1s distressing to the patient Electrolyte disturbances cedema glycosuria
activation of peptic ulcer with haemorrhage or perforation and allergy to ACTH
have all been noted More important in this context are the complications which
are specially related to the treatment of ulcerative colitis Texter et al (1953)
noted that whereas as a rule the oedema and the inflammatory reaction 1n the
colome mucosa rapidly subsided and the ulcers healed i patients with fulmwnating
colits treated with ACTH 1n some patients large coalescent punched out ulcers
developed although the interveming mucosa was essentially normal Giant ulcera
tion nught occur longiudinal ulcers sometimes of great length their edges
undermined and unaccompanted by signtficant fibrosis or mucosal regeneration
Lesions of this kind are particularly liable to occur when therapy with corticords
15 abruptly discontinued Haemorrhage and perforation may occur 1 patients
treated with ACTH and corticoids and perforation may be clinically unrecogmized
exhuibiting no sign except an unrelenting downhill course Whenever there 5 a
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THE EFFECTS OF ACTH AND CORTICOSTEROIDS

mucosa and submucosa of the colon 1 most cases (Warren and Sommers 1954)
A prior: then better results might be expected in ulcerative colitss than m regional
tleitis and this indeed has proved to be the case Nevertheless even m chronic
ulcerative colitts the odds against permanent cure are high Although the mucosa
may appear superficially intact when the disease has reached the stage of remission
P ton shows a derable alteration in the structural pattern
(Lumb and Protheroe 1955) The mucous membrane 1s thinned and the regular
arrangement of the crypts 1s lost The lamma propria may be oedematous with
obstructed lymphatic vessels this being one reason why relapse 1s so likely to occur
Large senies of patients have now been treated with ACTH and corticords and 1t
15 possible to assess the d effects with derabl (karsner and
Palmer 1954 Truclove and Witts 1954 1955) Much less 1s known about the
long term effects and the value of maintenance therapy (Elliott and Giansiracusa
1954 Wirts et al  1954) Nevertheless 1t 1 already abundantly clear that ACTH
and the corticoids are a valuable addition to the therapy of ulcerative colitis On
occasion they may be life saving and they have greatly increased the freedom of
manoeuvre 1n ¢ The hazards dimg their use have proved less formid
able 1n practice than m theory It has not yet been shown however that the
natural course of ulcerative colitis has been altered In regional ileitis the value of
the hormones remains questionable The treatment of vlcerative colitys will fir t be
discussed

Ulcerative coliis

Radiological exanmnation of the chest should always be made before treating a
patient with the hormones and if the hustory 15 at all suggestive of peptic ulceration
a barium meal should be performed In a patient with active or arrested tubercu
losts or with an active or healed peptic ulcer the possible benefit to be gamed from
hormone therapy should be carefully neighed agamst the real nsk of activating
these lestons It cannot be said that hormone therapy 1s absolutely contra indicated
but certainly 1t must be carned out with extreme circumspection The unsval basie
treatment for ulcerative colitss 1s given—a bland diet with vitamin supplements
sedatives and ant spasmodics and haematimics and transfusions as required
Sulphonamides are probably of value and esther Salazopyrin or a poorly absorbed

Iph de such as sulpt dine may be used It 15 probably unwse to
give antibiotics as a routine owing to the nisk of fungal infections when a patient
1s recerving both antibiotics and corticoids If antibiotics are required because of
intercurrent infection penicillin 1s probably the least harmful After a few weeks
on any ch h drug or an ! flora develops which 1s
resistant to 1t st 1s desirable therefore to keep one or more antibrotics in reserve
(for example streptomycmn) mn case surgery becomes necessary

In very sick patients treatment may be commenced with an intravenous drip of
ACTH Otherwise ACTH gel 40-80 umits subcutaneously or cortisone 200-300
mulligrams a day by mouth should be used It 1s important to begin ireatment
with an adequate dose which can be reduced when the disease 1s brought under
control The equivalence of the various corticords m ulcerative colitis has not yet
been worked out but there 1s every reason to believe that hydrocortisone predn:
sone and predmisolone produce the same effects as cortisone when given n
corresponding dosage and the two last named have the advantage of not producing
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the stape of complete remussion about 50 per cent unfartunately relapsed agamn
within 2 years On the other hand the indications for surgery were broadened
and many patients who would formerly have becn too 1l were now rendered fit
for operation Elliott and Gransiracusa (19549) found that of 33 patients given
short term hormone treatment 21 (63 7 per cent) went into remission but of these
only 12 remained m remission at the end of 2 years

Truelove and Witts (1954 1955) with the help of a number of colleagues were
able to organize a controlled trial of cortisone 1n ulcerative colitis The trial was a

double blind one tnthat dummy treatment was givento SO percent of the patients
and neither the physician in charge nor the patient knew whether the cortisone or
the dummy was being given This was considered to be important on account
of the influence of psychological factors on ulcerative colitis All patrents were
treated as i they were having cortisone so that suitable precautions could be
taken 1n the event of complications developing The total number of patients was
210 of whom 109 recerved cortisone and 101 were controls Forty per cent of the
patients were 1n their first attach the remainder were chronic or relapsed cases
The results are shown 1n the Table

TABLE

RESULTS OF SHORT TERM TREATMENT WITH CORTISONE IN
ULCERATIVE COLITIS

First attacks Relapses
Cortisone Control Cortisone Control
grotp group group groip
(per cent) (per cent) {per cent) (per centy
Remission 42 13 41 17
Improved 36 16 2 10
No change or worse 22 7 37 52

Both 1n first attacks and 1n chronic cases the percentage of remissions was over
40 1n patients treated with cortisone as compared with 13 per cent and 17 p r cent
respectively mn the controls The total percentage improved (78) was higher in
first attacks treated with cortisone than n any other group Severely 1ll patients
did a good deal worse than those muldly 11l but with every degree of seventy there
was a distinct advantage on the side of those treated with cortisone This 1s a
finding of some importance as there had been dispute whether cortisone should
be limuted either to muld cases or to severe cases of the disease It 1s evident that all
patients with ulcerative colitis may benefit from cortisone 1rrespective of the
severity of the disease There was no increase in complications such as perforation
and haemorrhage but pyogenic complications were rather more frequent The
immediate mortality was 4 6 per cent 1n the cortisone treated group and 109
per cent 1 the control group

No maintenance therapy was given in this trial and the picture was less favour
able when the results were reviewed 9 months 10 2 years later In patients 1 their
first attacks 35 per cent of those treated with cortisone had remained free from
symptoms as compared with 13 per cent of the controls In chronic or refapsed
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possibility of perforation -wuscultation over the abdomen for penstaltic sounds
and radiological examtnation for free gns should be performed Distension may
be due to potasstum deficiency which may be revealed by the electrocardiogram as
well as by biochemical examimation

Local pyogenic complications around the rectum such as 1schio rectal abscess
and fistula 1n ano are more common 1 patients treated with the hormones as
also are more remote mfectious lications such 1s witis ridocychitts
ulcerative keratitis furunculosis septicaemia and pyaemia One fatal case of
bilateral massive adrenal haemorrhage sumilar to the Waterhouse Friderichsen
syndrome has been described (Wilson and Roth 1953)

A complication which 1s of particular importance 15 relative adrenocortical
msufficiency which may lead 1o intractable shock after major surgery sometimes
even after minor surgical procedures This may occur a yetr or more after the
suspension of corticord therapy (Hayes and Kushlan 1956)

Whenever possible therapy should be changed to ACTH before performing
ileostomy or colectomy and surgery should not be undertaken untif there 1s a
satisfactory response as shown by the hitcount and the k d
In an emergency an intravenous drip of ACTH or parenteral cortisone or hydro
cortisone should be given There 15 no evidence that adrenocortical 1nsufficiency
following corticoid therapy ever becomes refractory to treatment with ACTH
(Fredell et al 1955) A different condition which should not be confused with
adrenal hypoplasia 1s resistance to ACTH which may develop after several
months of treatment This 1s probably due to rapid destruction of the ACTH and
1t can be demonstrated by the failure of the ACTH to influence the eosinophil
count and the 17 ketosterotd excretion The treatment should be changed to one of
the corticosteroids

Local treatment with hydrocorusone has been adopted with varying degrees of
success Truelove (1956) has used an ampoule of 250 mulligrams of hydrocortisone
{free alcohol) dissolved 1n 50 millilitre  of 50 per cent ethyl alcohol which 1s emptied
nto a standard ntravenous infusion bottle contaiming 500 milhihitres of normal
saline solution The hydrocortisone 1s sufficently soluble to be held n this dilution
and the diluted alcohol does not appear to irritate the colonic mucosa The water
soluble hemisuccmate of hydrocortisone 1s now becoming available and 1s simpler
to use The hydrocortisone 1s dripped into the rectum through a standard trans
fusion set at a slow and steady rate so that there 1s no stimulus to ejection The
amount of flud 1s gradually increased from one quarter to one half a bottle each
night immediately before the patient settles down to sleep and the treatment 15
continued for 2-3 weeks Local treatment appears to be most effective 1n early
cases of ulcerative colitis and a remsssion may be nduced more rapidly than by
systemuc therapy It 1s also the treatment of choice m proctosigmorditis

Some numencal data will now be given to support the opinions which have
been expressed In a review of a large sentes of patients with ulcerative colitis
treated 1n Toronto Maltby et al (1956) have shown that there was no difference
1n mortality between the decades 1930-1940and 1940-1950 despite the troduction
of the sulphonamudes and antibiotics However in the quinquennium [950-1955
following the introduction of ACTH and the corticords the mortality fell from
40 to 11 per cent In 109 patients treated with the hormones no serious com
plication was observed except 1 case of adrenal y Of patients h
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the stage of complete renussion about 50 per cent unfortunately relapsed again
withm 2 years On the other hand the indications for surgery were broadened
and many patients who would formerly have been too il were now rendered fit
for Elliott and G (1954) found that of 33 patients gnen
short term hormone treatment 21 (63 7 per cent) went nto renusston but of these
only 12 remamed 1n remssion at the end of 2 years

Truelove and Witts (1954 1955) wath the help of a number of colleagues were
able to organize a controlled tnal of cortisone in ulceratne coliis The tnal was a

double blind one inthat dummy treatment was grven to 50 percent of the patients
and nether the physician n charge nor the patient knew whether the cortisone or
the dummy was betng given This was considered to be important on account
of the of p 1 1 factors on ul colitis All patients were
treated as 1f they were having cortisone so that suitable precautions could be
taken 1n the event of complications developing The total number of patients was
210 of whom 109 received cortisone and 101 were controls Forty per cent of the
patients were 1 their first attack the remammder were chromc or relapsed cases
The results are shown i the Table

TABLE

RESULTS OF SHORT TERM TREATMENT WITH CORTISONE IN
ULCERATIVE COLITIS

First attacks | Relapses
Cortisone Control Co tisone | Control
groip group group grotp
(per cent) (per cent) (per cent} (per centy
Remisston 4 BT 4 17
Improved 36 15 22 30
No change or worse 2 7 37 52

Both 1n first attacks and 1 chronic cases the percentage of remmssions was over
40 1n patients treated with cortisone as compared with 13 per cent and 17 per cent
respectively 1 the controls The total percentage improved (78) was higher in
first attacks treated with cortisone than in any other group Severely 1ll patients
did a good deal worse than those mildly 11l but with every degree of seversty there
was a distinct advantage on the side of those treated with cortisone This 15 a
finding of some tmportance as there had been dispute whether cortisone should
be limited exther to muld cases or to severe cases of the disease 1t 1s evident that alt
patients with ulcerative colitis may benefit from cortisone 1rrespective of the
severity of the disease There was no increase m complications such as perforation
and haemorrhage but pyogemc complications were rather more frequent The
immedate mortality was 46 per cent n the cortisone treated group and 109
per cent 1n the control group

No maintenance therapy was given i this tnal and the picture was less favour
able when the results were reviewed 9 months to 2 years later In patients in their
first attacks 35 per cent of those treated with cortssone had remained free from
symptoms as compared with 13 per cent of the controls In chronic or relapsed
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cases 31 per cent of those treated with cortisone had remained free from symptoms
as compared with 35 per cent of the controls The total deaths were now 8 per
cent 1n the cortisone treated group and 16 per cent 1n the control group

In acute ulcerative colitis hormone therapy 1s the treatment of choice If a
remussion occurs 1t should be confirmed by sigmoidoscopy and radiography and
treatment should not be completely suspended until the results of these have
returned to normal Withdrawal of the hormones should be carefully supervised
In fulmmating cases hormone therapy should be used to avoid the necessity for
emergency ileostomy and to make the patient fit for elective surgery should that
prove desirable Where a remission occurs in acute 1diopathic ulcerative colitis
1t should be seen 1f 1t wilf persist without therapy but if there are withdrawal
symptoms or relapse a mawntenance dose should be determined In chronic active
colitis contimuous treatment 15 usnally necessary and the discase often persists
even though there 15 a symp 1C T E: I difficulties may be the
reason for failure to improve and the hormones are sometimes of valuc in making
the patient accessible to psychotherapy

The effects of the Jong term control of chromc ulcerative colitss by continpous
therapy are not yet known particularly the extent to which the disease may pro
gress and lead to complications such as stricture and neoplasm despite symp
tomatic relief When there are gross structural changes 1 the bowel the hormones
cannot be expected to reverse them In these cases the function of the hormones 15
to make the patient fit for surgery and paradoxically enough the effect of the
mtroduction of hormone therapy 1 1diopathic ulcerative colitis up to the present
has been to mcrease the proportion of patients undergoing radical surgical treat
ment of the disease In the future more attention will have to be paid to treating
cases of ulcerative colitis with the hormones at the earliest possible stage in the
disease Resolute treatment at this phase supplemented by attentrve supervision
mught prevent the irremediable damage to the colon which 1s nowadays so often
present

Regional ilettis

Regional 1leitss occurs with only about one tenth the frequency of ulcerative
colitis and though there have been 2 number of reports of ssolated cases treated
with the hormones there have been no large sertes and no controlled trials The
effects are somewhat similar to those 1n ulcerative colitis—dimmutron 1n fever and
drarrhoea 1ncrease n appetite ind well being—and 1n an occastional patient there
1s a stnking remission but most observers have the impression that the hormones
have a smaller therapeutic effect 1n regional slethis than n vlcerative cohis {Van
Patter et al 1954 Cooke 1955)
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CHAPTER 3

USES AND DANGERS OF ANTIBIOTICS
L P GarrOD

ANTIBIOTICS may be administered orally either for the sake of an effect 1n the
alimentary tract itself or because this 15 a convenient route of administration to
achieve a systemic effect Although the object may be systemtc incidental Jocal
effects are nevertheless commonly produced and these almost without exception
are of an undesirable nature The worst of these result from a suppresslon of lhe
normal flora of the bowel for which this parad 1 and

has given us a new respect

PHARMACOLOGY

Antiblotics are divisible into three classes according to their behaviour when
admimstered orally Whether their effect 1s local or systemic or both depends
mainly on thetr absorbability but to a lesser extent on other factors

Streptomyem neomycin polymywan, and bacttracin

These antibiotics although all capable of exerting a systemic effect when given
parenterally have almost none when given orally since the amount absorbed 18
neghgble They are also stable under all conditions met with 1n the alimentary
tract and consequently maintain a high concentration until discharged 1n the
faeces the flora of which they modify profoundly but selectnvely since none of
them 1s 1n the true  broad spectrum  class Nystatin 1s also to be placed m this
category

Pemcillin

Pemcillin 15 the only major anubiotic of which oral admmstration has an
exclustvely systemic effect The greater part of a dose of the usual forms of pentcsliin
15 destroyed by gastric acid only phenoxymethyl penicillin (penicillin V) resists
this action It seems that this 1s not the sole factor preventing complete absorption
since only 25 per cent of an oral dose of penicillin V 1s excreted in the urine (Heatley
1956} 1n contrast to about 60 per cent so excreted when penicillin 1s given par
enterally The fate of that part of a dose which traverses the stomach unaltered and
1s yet unabsorbed 1s not known for certamn but any which reaches the lower part
of the small intestine where a profuse and varied flora begins to appear 1s liable
to destruction by pemicillinase—an enzyme formed by vanous coliform bacillt
In the lower bowel such destruction would be rapid hence pemicillin given alone
has no action here

The tetracychnes
Chlortetracycline (aureomycin) oxytetracycline (terramyecin) and tetracycline
(achromycin Tetracyn) are the broad spectrum  antibiotics par excellince and
consequently exert a profound local eﬂ'cc; as well as the systemic action for which
2
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they are usually given They are not complutely absorbed and the larger the dose
the higher 1s the proportien of 1t which remains unabsorbed (Brawnerd et al 1951
Herrell et al 1950) The concentration in the bowel 1s raised further by excretion
1 the bile This continuous process of bihary excretion followed by some re
absorption 15 the reason why even the least stable of the senes chlostetracychine
persists 1n the blood for many hours after a single dose (Gray et al  1953) The
same process apparently accounts for the very high concentrations maintained n
the blood by novobrocin (Taylor et al  1956) although with this antibiotic the
very low rate of renat excretion 15 an equally important factor

Emphasis on biliary excretion of the tetracyclines must not be thought to imply
that other antibiotics do not behave ssmilarly hike many other drugs most anti
biotics given parenterally are known to be excreted in the bile 1n concentrations
higher than those present in the blood Thts is true of pemicillin but it has no such
effect since little re absorption follows On the other hand the stability of the
tetracyclines tn the intestinal contents enables them to traverse the whole length
of the bowel and to appear in hugh concentration in the faeces sometimes with
striking effects on their appearance and odour and never without a far reaching
influence on their flora

Chloramphenicol

Chloramphenicol 15 1n the same category but rarely causes so much local dis
turbance evidently because 1ts range of ant1 bacterial activity 15 narrower 1t has
Iittle action on clostridia and a weaker one than the tetracychines on other Gram
positive elements The more selective of the newer antibioucs erythromycin and
novobiocin spare the Gram negative elements almost entirely and hence cause
even less disturbance of the bowel flora They must nevertheless be placed n the
category of antibiotics having a local as wellas a systemic action—for two reasons
(1) they are excreted 1n the faeces and must suppress the few faecal species sen
sitive to them and (2) both have been used with striking success to elmmnate
staphylococer when these have proliferated unduly m the bowel

THERAPY

Some 1dea of the results to be expected from treating acute witestinal nfections
with antibjotics can be gamed by determining the sensitivity to them of the causal
organisms Although there 1s much mformation about this data for different
antibiotics are often not comparable because of differences 1n the method of test
The Table gives the results of tests recently carried out by the author 1n order to
provide comparable data for the purposes of this chapter

By far the most active of the seven antibiotues tested 1s polymyxin but this can
safely be given only in small doses parenterally and attains correspondingly low
concentrations 1n the blood and tissues Tt 15 hence chiefly of mterest for its tocal
action that 1s when given orally Next i actwity—apart from neomycin which
15 also rarely given evcept by the oral route—are the tetracyclines Of these
tetracychine and oxytetracycline have about four times the activity of chlor
tetracychine against salmonellas and shugellas this difference may be due m part
10 the wstability of chlortetracycline 1n an alkaline medium The performance of
chloramphenucol may seem relatively untmpressive but this antibiotic attains
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TABLE

SENSITIVITY OF SPECIES OF BACTERIUM SALMONELLA AND
SHIGELLA TO 7 ANTIBIOTICS

Minimum nhibitory concentrations (; g 'mil’)

Chlor | Chlor | Ox;
\amphen | tetra m,’a Tetra | Strepto | Neo { pop gy
icol | cyeline | evelne | <line | myeim | mycin
Bacterum colt t 1 025 012 2 | 05 025
0126 s 1 1 4 1 005
55 4 ! 0s | 0s |1 2 1 025
o [ I 1 1 3 2 025
o119 P4 1 1 2 1 035
0127 4 os | 1 | os 16 1 025
0128 8 1 1 1 2 | oos 025
aerogenes 8 . 8 2 2 2 | o5 025
friediandert 1 os | 0s 1 03 012
Salwonelia vphs (3 strams) | 2 | 4 1 1 816 | 051 006012
parar phi A O] 2 1 3 | o025 025
B 2,4 i 0s 4 | o5 025
bphimurwm |2 4 1 1 4 1 035
enteriichs i |4 1 i 16 1 05
" som 4 | 4 1 1 8 | 2 05
Shigelta sonnes (2 strains) | 4-8 | 8 12 [ 12 24 | 1 006012
Lr 2 05 | 05 2 | 2 012
1|2 05 | 05 il o012
3 1|2 05 | 05 8 | 4 o1z
4 2 |2 05 | 05 4 | 4 012
(Res ltsoforg la dhthertounp bl hdoberato s Mshd Imllteofdoubl ddlt sof Ito of
th 1 dddt 14mNlwe fm ¢t fpH74 dplt pored A L4 oc 1 ted

ppt g fpHT
thimlimt loopf 1of I 500d1 1o of 4-ho bothc It re observ df prese ceofgrowthvi bl tonaked
eyeafter 18 ho rsat37 C)

Tugher concentrations 1n the blood dose for dose than the tetracychnes To
account for 1ts superionity for the treatment of enteric fever some additional
factor must nevertheless be assumed this may be a greater capacity to penetrate
foct of infection or individual cell membranes
Species of proteus and pseudomonas not included in these tests are variable in
their sensitivity to most antibiotics but generally much more resistant to chlor
h 1 and the tetr 1 than the species studied Hence they sometimes
assume predominance i the bowel when these antibiotics are being admmsstered

Typhoid fever

That chloramphenicol has a specific action i typhoid fever was first shown by
Woodward et al (1948) 1n Malaya It 15 now standard treatment for this disease
and an extensive Literature on this subject emanates largely from Latin countrres
in both hemispheres where opportunities for its study are numerous When
adequate doses are gnen fever abates in 3—4 days and recovery follows although
there 15 2 substantial hability to relapse Haemorrhage or perforation still occur
but the latter may not require surgical intervention The mortahty 1s greatly
reduced

A new comphcation occasionally scen in severe cases after 2-3 days treatment
1s vasomotor collapse with tachycardia prostration and falling temperature,
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a condition which 15 ascribed to the liberation of endotoun from typhoid bacills
which have been destroyed

Chemotherapy particularly at an early stage nterferes with the normal bodily
response to the mfection as has been shown by studies of agglutimn formation
Doubtless manly for this reason and because the drug does not entirely eliminate
the orgamism relapse 1s common and efforts have been made to devise a system of
treatment which will prevent this interference The alternatives are a single pro
Tonged course of chloramphenicol a shorter 1miial course followed by another
at about the expected time of relapse and either of these accompamed by a senes
of daily injections of O | millilitre of T A B vaccine to stimulate immumity The
first of these polictes 1s advocated by El Ramh (1953) who reported a relapse rate
of only 39 per cent after a course of 12 3 milligrams per kilogram gnven twice a
day and continued for 12 days after defervescence John and Vinayagam (1952)
on the other hand had more relapses after a single course than after two In the
expenence of Marmion (1952) with 300 cases in Egypt the relapse rate was 18
per cent after giving 0 5 gramme 4 hourly and later 0 25 gramme 4 hourly for a
total of 9-14 days but no less than 42 per cent when the same doses were given in
2 shorter courses with a 7 day interval When vaccine was also given these figures
fell to 17 6 and 4 8 per cent why vaccme should have made so much difference in
only one group 1s obscure Woodward et al (1952) descnbed a cas: 1n which relapse
followed no fewer than 60 days of 1t while
doubtful whether the best system could yet be defined they were inclined to
favour intermuttent treatment perhaps reinforced with vaccine dunng the second
course Marmion (1955) w a general account of more recent experience advises
a daily dose of 50 perk 1 2-6 1ndvidual doses until the tempera
ture falls followed by half this dose for a further 14 days a large imt1al loading
dose which has been given 15 d madvisable

It 1s now quite clear that drugs of the tetracychine group are all much infertor
to chl b 1 for the of typhoid fever On the other hand 1t has
been suggested that one of them should be given with chloramphenicol or after
1t one reason being that they are excreted 1n much larger amounts than chloram
phenicol 1n the bile

Another to be d s {ltn The typhotd bactllus 15 not as
nsensitive as most other mtestinal Gram negative bacill to pemicillin and 1t was
predicted by the Oxford workers 1n the early days of the sludy of thls antibiotic
that 1t might eventually prove useful mn the of
McSweeney (1946) used 1t 1n combmation with sulphathiazote obtamning favour
able results which others could not confirm at least one case (Boger et al  1951)
has since been successfully treated with very large doses of perucillin alone There
ts evidence so far not conclusive that this treatment may be successful for carriers
Penicillin 15 bactenicidal whereas chloramphenicol 1s merely bacteriostatic and
comequently neither dimmishes the liability to a persistent carrier state when
used 1n the treatment of the disease nor affects that state once established

The favourable report of Benavides et al (1955) on the results of treating 15
cases of typhoud fever m children 1n Mexico City with synnematin B has a bearing
on this since this substance 1s 1dentical with cephalosporin N and the latter has
been shown by workers at Oxford to be a form of penicillin (Florey 1955) It
may yet prove that treatment with large doses of some form of pemicilin although
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TABLE

SENSITIVITY OF SPECIES OF BACTERIUM SALMONELLA AND
SHIGELLA TO 7 ANTIBIOTICS

Mumimum inhibitory concentrations (ug Iml)
Chior | Chlor | Ox3
amphen | tetra | tetra T",’" Strepto | Neo | pyrspnyain
1col [ cycline | cycline | YEHNE| e ( myan
Bacterum colt 1 1 ¢2s | 012 2 05 025
026 8 1 1 1 4 1 006
055 4 0s 0s 1 2 1 025
i1t 8 1 1 1 4 2 025
0119 4 1 1 1 2 1 025
0127 4 0s 1 0s 16 1 02s
0128 8 1 1 1 2 05 025
aerogenes 8 8 2 2 2 05 023
friedlander: 1 1 05 05 1 05 012
Salmonella 1y pht (3 strawns) 2 4 1 1 816 05-1 | 006-012
paratypht A 4 8 2 1 8 025 025
B 2 4 1 05 4 05 025
N phr murtm 2 4 1 1 4 i 025
enteritidis 4 4 1 1 16 1 05
thomp: 4 4 1 1 8 2 05
Shigella sonnet (2 strains) 48 8 12 1-2 2-4 1 006-012
ner, 1 2 05 05 2 2 012
1 2 a5 05 4 4 012
3 1 2 05 05 8 4 012
4 2 2 0s 05 4 4 012
(R It oforg al dhthrio p bl hdobservato A shod Imllle ofdoblddltons 51t
1hotcsadd dto Mmiltire fmate tactpept g ofpH74 dpttespou d Are o e coltd
wth [ loopf t {1 $00d1t of 4ho bothcult obse edfo pres ceofg wih sblet  ked

mim
ey aft r1& hoursat 37 C)

higher concentrations 1n the blood dose for dose than the tetracyclines To
account for its superiority for the treatment of enteric fever some additional
factor must nevertheless be assumed this may be a greater capacity to penetrate
foct of infection or indnvidual cell membranes
Species of proteus and pseudomonas not included in these tests are yanable in
therr sensitivity to most antibiotrcs but generally much more resistant to chlor
h 1 and the tetr 1 than the species studied Hence they sometimes
assume predomnance in the bowel when these antibrotics are being admimstered

Typhoid fever

That chloramphenicol has a specific action 1n typhoid fever was first shown by
Woodward et al (1948) in Malaya It 1s now standard treatment for this disease
and an extensive literature on this subject emanates largely from Latin countries
1n both hemispheres where opportunities for its study are numerous When
adequate doses are gnen fever abates in 3-4 days and recovery follows nlthough
there 15 a substantial lrabihity to relapse Haemorrhage or perforation still occur
but the latter may not require surgical intervention The mortality 1s greatly
reduced

A new complication occastonally seen in severe cases after 2-3 days treatment
1s vasomotor collapse with y P and falling
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oral polymyxin 1n a dose of 15-20 mulligrams per hilogram daily for 10 days for
chminting the infection 1n chrome cases they were dealing with S flexnerim 4
home for mental defectives

Amoebic dysentery

Various antibiotics have some action on Entamoeba histolynca 1t 1s not always
easy to distinguish a purely amoebicidal action from one exerted at least sn part on
bactena with which the amocba necessarnily o exists not only 1n the body but sn
artificial culture i d as a pure bicide active 1n a
concentration as low as | in 4000000 and according to Anderson (1952) 15
Tughy effectve in doses of only 10 mihgrams daily in chrome amoebhiasis The
best antibtotic for acute amoebic dysentery appears unquestionably to be oxy
tetracycline

Martin et al (1953) who treated 538 cases in Korea on vanous systems had
only 6 relapses 1n 104 cases treated with oxytetracychne for 10 days orthodox
treatment with emetine and other ants amoebic drugs resulted m a good mmtal
response but a high relapse rate These authors belteve that the best treatment will
prove to be with oxytetracycline together with one of the regular amoebicides
Results 1n a short senies suggested that only S days treatment with oxytetracycline
and chloroquine may suffice Chlortetracychine is distinctly and chloramphenicol
much 1nferior to oxytetracycline for this purpose

Infantile gastro-ententis

Infantile gastro enteritis 1s a disease of multiple and sometimes unknown
actiology and very vanable sevenity When there 1s no certainty that different
workers were dealing with the same disease 1t 1s of fittle value to compare their
results and there has been some dispute about the usefulness of both streptomycin
and chloramphenicol The result of an orgamzed trial (Report 1953) embracing
1168 cases 1n 10 centres was to suggest that sulphadiazine which n the early
slages had been given to controls was more effective than exther chloramphenicol

line When the d 18 known to be due 1o one of the patho
EENC types of Bactertum colt 1t would seem from the findings in the Table (page
26) that any of several antibiotics might well have some benefictal effect on 1t
but clinical results m cases of defined aetiology have yet to be reported

PROPHYLAXIS
Pre-operative preparation of the bowel
The use of ch 1 drugs as has greatly i} d

colonic surgery mainly by minuntzing the effects of perntoneal sotling but also
by reducing gaseous distension For some years only the less soluble sulphonamides
were available then streptomycin was gnen in addition sometimes for too long a
period during which organisms became resistant to it

Chlortetracycline was then hailed as the most widely effective single drug—as
mdeed are all the tetracyclines—and was used for some time before 1ts dangers
became manifest Opinion now favours antibiotics having only a local action but
choice and methods va

To ensure success the bulk of the matenial in which the drugs must act should
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more arduous for the patient 1s worth while because 1t more certamnly eradicates
the nfection

Other salmonella infections

Paratyphoid fever responds to chloramphenicol hike typhoid and 1s usually so
treated Chlor ) 15 also 1nd d 1n the more severe cases of salmonella
ententis of the food poisoning type Chnical response 15 satisfactory but the
organism frequently persists in the facces (Ross et al  1950b) Penicillin has also
been tried 1n the treatment of this infection with results at least equal to those
obtamned with chloramphenicol (Rabe 1955) Salmonella enteritis 1s an nfection
of very varying seventy depending on which of many species causes 1t and on the
age and general condition of the patient When caused for instance by Salmonella
typhimurium 1n a healthy adult 1t 1s usually a comparatively mild and self limited
disease of only 2-3 days duration and 1t 1s doubtful whether a potentially danger
ous drug such as chloramphenicol need be given to such a patient An alternative
1s oral streptomycin which 1s harmless and probably more effective mn eliminating
the organism from the bowel

More severe infections 1n mfants or debilitated elderly subjects those accom
panied by septicaemia or producing a typhoid like state and those due to more
virulent species such as S choleraesws should of course be given the benefit of
systemic chemotherapy

Bacillary dysentery
Sulphonamide treatment was formerly satisfactory for this disease but so many
strains of dysentery bacilli are now resistant to these drugs that 1t has largely lost
its usefulness Several antibiotics can replace them and 1t 1s difficult on present
evidence to dectde which 1s the best They have been judged by two critena the
clinical response and reduced mortality 1n severe cases and the rate of elrmination
of bacilli from the faeces i mild ones Garfinkel et al (1953) who treated I 408
cases mostly of severe Shigella flexner: infection 1n prisoners of war m horea
commend chlortetracycline or oxytetracycline to which chloramphentcol was
only slightly inferior they tried several dosage systems and obtamned satisfactory
results from a total of only 4 grammes given 1n 3 doses 1n 24 hours McFadzean
and Stewart (1952) on the basis of experience with severe cases 1n Hong hong
d chlor )} 1 There 1s d about the value of
streptomycin  owing perhaps to different methods of administration some have
given 1t parenterally and others orally at intervals varymg from 4 to 12 hours
Chang and Su (1951) gave 1t by both routes to children 1n Shanghai obtaiming 2
recovery rate of about 97 per cent (in patients treated with sulphonamide 86
per cent) Ross et al (1950a) used the oral route only giving 400 mulligrams
4 hourly with good results both 1n alleviating the disease and in elimnating the
bacill: Much the largest of several subsequent series of cases treated by oral
streptomycin 1s that of Sangster (1956) who recommends 4 doses a day for 5
days this ehminated the organism in 86 per cent of patients and a second dentical
course cleared a further 115 per cent Murphy (1955) also judging the effect by
the number of patients with a succession of negative stools after treatment
obtamed his best results n S sonner mfe by giving strep and oxy
tetracycline together orally Fimally Lieberman and Jawetz (1951) recommend
28




SUPER INFECTIONS COMPLICATING ANTIBIOTIC THERAPY

because nutrients become available without competition  Alternatively 1t may
remove powerful restraiming wmfluences several species snhabiting the mouth and
bowel are hknown to form antibiotics or other immucal substances themselves and
these may be assumed to preserve a normal balance and to repel invasion by out
siders Thirdly the antibtotic being d may actually the growth
of the resistant spectes causing the super infection There 1s no doubt of the reality
of such stimulation (Garrod 1951) 1t 15 one of many examples of the Arndt
Schulz law (kletne Dosen ret en grosse Dosen lahmen) but how far 1t operates in
producing these infections cannot be said

Pentcillin suppresses the normal flora only it the mouth and upper air passages
and then only when fairly large doses are given leading to sts appearance m
suffictent concentration m the saliva and other seeretions The effect of this may
be a stomatitss or glossitis due to the proliferation of coliform bacill or Canduda
(Momha) More serious are the effects of antibrotics which largely suppress the
flora of the bowel and among these the tetracyclines are pre eminent owing to
thetr wide range of antibactenal actnity and to the fact that they are not only
incompletely absorbed but re excreted in the bile

A distinction should be drawn between two different gastro intestinal side-effects
of these drugs They frequently cause nausea with or without mild diarrhoea
presumably by acting merely as chemecal irntants It 1s claimed for tetracycline
apparently with good reason that 1t 1s less hiable to produce these eflects than
chlortetracycline or oxy 1 dly they predispose to super infe
with resistant orgamisms one result of which may be a diarrhoea of far greater
severity Their antibactental actions are so nearly wdentical and cross cesistance
between them 1s so complete that any difference between them 1n this tendency
would be mexplicable and 1t probably does not exist

Types of orgamsm causing super infections

Candida albicans —A stomatitis 1n severer cases amounting to frank thrush
and pruntus am due to the proliferation of this or other yeast like fungi i the
mouth and lower bowel respectively 15 fairly common after several days of
treatment with one of the tetracyclines chloramphenicol can alse have these
effects Occasionally candida infettion assumes a more extensive form mvading
the bronchi and even the blood stream recogmtion of this possibility came with
the desenption of 3 fatal cases of generalized candida infection following antibiotic
therapy by Brown et al (1953)

Proteus and pseudomonas Proteus species and Ps pyoc)anea —These are more
resistant to the tetracyclines and some other antibiotics than other coliforms and
1t has often been observed that I directed at g the
bowel flora leads to their extensive proliferation This may have httle untoward
local effect apart from some diarrhoea but invasion of other parts of the body
may be more dangerous (karakasevic 1955 Yow 1952)

Staphylococeus pyogenes —Attention was first drawn to the occurrence of a
staphylococcal  dysentery dunng treatment with oxytetracycline by Jackson
etal (1951) Since then similar cases many of them fatal have been reported from
Swiizertand (Bernhart 1952 Meer 1952) from England (Gardiner 1953)
from Scotland (Hay and Mckenzte 1954) from Germany (Gsell and Kesselring
1955) and elsewhere That oxytetracyclme 1s not alone to blame for this 1 proved
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be reduced a consideration demanding a low residue diet and saline cathartics
The treatment chosen should produce the desired effect within 2 days It should
preferably employ an antibiotic which 1s not absorbed 1s unlikely to be required
later for systermic use and to which resistance 15 not readily acquired These
conditions are all fulfilled by neomycin introduced for this purpose by Poth et al
(1950) and now widely used often in b 1on with a sulph d

A method which has been found satisfactory at St Bartholomew s Hospital
London 1s to admimster 2 grammes of phthalyl sulphathiazole 6 hourly and 1
gramme of neomycin 12 hourly for 2 days before operation the first dose of each
being double this quantity

Another combination for which ment has been claimed 15 neomycin with
erythromycin or carbomycin for the sake of the action of the latter drugs on
enterococct Four doses of this combination 1n one day are said to suffice (Prigot
et al 1954-5a and b) Perhaps the most pl PP of the 1
flora can be achieved by ng y polymyxin and bacitracin
together (Jawetz and Bierman 1952) Such treatment 1s very costly 1ts necessity
15 doubtful and there may well be some nisk of replacement with undesirable
species

Other prophylactic uses

It 15 strongly believed 1n some quarters that surgical use of antibiotics 1s grossly

sive Most of the supposed ind for their pre operative administration—

mcluding the fear of hitigation should this precaution have been omitted when
things go wrong—are outside the scope of this chapter but a policy for gastrectomy
and other operations on the stomach comes within 1t The bacteria mnvolved here
are those of the mouth and these are 1n general penicillin sensitive If any ant1
biotic 15 given prophylactically it should therefore be pemcillin only the necessity
for even this 1s doubtful In 443 gastrectomes (Hasslinger 1956) there were fewer
post operative infections of the wound or air passages in 290 patients given no
chemotherapy than n 153 who were given peniaillin Stmular findings are reported
by McKittrick and Wheelock (1954)

‘Whatever else may be thought advisable patients about to undergo an operation
on the stomach or mtestinal tract should not be given pemicillin with streptomycin
or any of the tetracyclines nor should these be given post operatively unless for a
very good reason These forms of medication are the almost invanable precursors
of acute staphylococcal enterocolitis This condition 1s deseribed 1n the following
section where an explanation 1s suggested for the peculiar hability to it of this
class of patient

SUPER INFECTIONS COMPLICATING ANTIBIOTIC THERAPY

Soon after pemcillin came into general use 1t was recogmized that otherwise

may be 1 d by the supenvention of a fresh infection
due to another and resistant orgamism  either at the site of the disease or elsewhere
The reasons for this are not yet entirely understood but there are at least three
possibylities of which any or all may operate Super infections usually occur
parts of the body possessing a vaned normal flora which the antibiotic suppresses
and this may be said to create a bacterial vacuum which tends to be filled if only
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because nutrients become waiable without competition Alternatively 1t may
remove powerful restraiming influences  several species inhabiting the mouth and
bowel are known to form antibiotics or other mtmical substances themselves and
these may be assumed to pruserve a normal balance and to repel invasion by out
siders Thirdly the antibiottc being admunistered may actually stimulate the growth
of the resistant spectes causing the super infection There 1s no doubt of the reality
of such stimulation (Garrod 1951) it 1s one of many examples of the Arndt
Schulz law (klesne Dosen res en grosse Dosen lahmen) but how far 1t operates
producing these 1nfections cannot be said

Penicillin suppresses the normal flora only 1n the mouth and upper air passages
and then only when fairly large doses are gnen leading to 1ts appearance in
suffictent concentration 1n the saliva and other secretions The effect of this may
be a stomatutis or glossitis due to the proliferation of coliform bacilli o¢ Candida
(Momhd) More senous are the effects of antibiotics which largely suppress the
flora of the bowel and among these the tetracyclines are pre emment owing to
their wide range of antibactenal activity and to the fact that they are not only
mcompletely absorbed but re excreted in the bile

A distinction should be drawn between two different gastro intestinal side effects
of these drugs They frequently cause nausea with or without mild diarrhoea
presumably by acting merely as chemcal irntants It 1s claimed for tetracycline
apparently with good reason that 1t 15 less hable to produce these effects than
chlor of OXxy 1 Secondly they predispose to super mfections
with resistant orgamsms one result of which may be a diarrhoea of far greater
severity Their antibactenal actions are so nearly identical and cross resistance
between them 1s s0 complete that any difference between them 1n this tendency
would be mexplicable and it probably does not exst

Types of orgamsm causing super infections

Candida albicans —A stomatitis 1 severer cases amounting to frank thrush
and prunitus am due to the proliferation of this or other yeast Iike fung: 1n the
mouth and lower bowel respectnvely 1s fairly common after several days of
treatment with one of the tetracychnes chloramphenicol can also have these
effects Occasionally candida infection assumes a more extenstve form nvading
the bronchi and even the blood stream recognition of this posstbility came with
the description of 3 fatal cases of generalized candida infection following antibtotic
therapy by Brown et al (1953)

Proteus and pseudomonas Proteus spectes and Ps pyocyanea —These are more
tesistant to the tetracyclines and some other antibrotics than other coltforms and
it has often been observed that antibiotic treatment directed at suppressing the
bowel flora leads to thew extensive proliferation This may have hittle untoward
local effect apart from some diarrhoea but invasion of other parts of the body
may be more dangerous (karakasevic 1955 Yow 1952)

Staphylococcus pyogenes —Attention was first drawn to the occurrence of a
staphylococcal  dysentery during treatment with oxytetracycline by Jackson
etal (1951) Since then simular cases many of them fatal have been reported from
Switzerland (Bernhart 1952 Meter 1952) from England (Gardiner 1953)
from Scotland (Hay and McKenzie 1954) from Germany (Gsell and Kesselrning
1955) and elsewhere That oxytetracycline 15 not alone to blame for thss 1s proved
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by the fact that Gsell and Kesselnngs 5 patients all of whom died had been
given tetracycline It 1s most important to recognize that this extremely dangerous
condition—and this applies equally to candida infections—can also be caused by
combined treatment with pemeilhn and streptomyem  Fairlie and hendall {1953)
describe 3 such cases Fowler (1955) 3 and Sanders and kinnaird (1955) another
while several other reports describe cases 1 which this combination was used
although the authors attribute the complication to a few doses of a tetracycline
given subsequently No explanation has been given for the action of this combina
tion 1n the bowel when 1dministered parenterally The action of 1ts two constit
uents adds up to that of a broad spectrum antibiotic they must reach the intestime
m the bile and perhaps the intestinal secretions and presumably the suppression
of coliform bacilli by streptomyein protects the peniciilin against destruction by
pemcilliase
The staphyl causing this d; 1s usually resistant to pemicillin
streptomycin and the tetracyclines and—in Great Brutain at least—sensitne to
chloramphenicol and erythromyan The suggestion has been made that the infec
tion can be autogenous the staphylococcus in a nasal carrier acquiring resistance
during treatment This 1s highly improbable and cross infection from another
source must be regarded as the usual mode of infection It 13 now well recognized
that antibiotic resistant staphylococct their pattern of resistance depending on
what antibiotics are being used can become widely distributed 1n hospitals caus
ing many minor as well as a few major infections many of the staff carry them
m their noses and they can be recovered from bedding dust and even the air of
a ward
The type of patient commonly attacked 1s elderly and debilitated both by the
primary disease and by the effects of a major operation though this 1s not always
the case One of Hay and McKenzie s fatalities was 1n a previously healthy child
being treated merely for an intestinal carrier condition but the nisk 15 evidently
much greater in surgical cases particularly after abdominal operations when 2
tetracychine has been used for pre operative preparation of the bowel It seems very
probable although this appears not to have been supgested before that starvation
1s a factor 1n surgical cases G y involves withholding food by the mouth
for 36-48 hours and other operations for a lesser period the bowel of such a
patient must be empty Antibiotics in 1ts lumen thus attain a high concentration
and rematning bacterra are unprotected from their action by food residues
In no other circumstances could elimination of the normal flora be more
complete
The diarrhoea 1s of rapid onset with profuse watery stools numbering as many
as 20daily containing mucosal sloughs and enormous numbers of staphylococct of
which they yield an almost pure growth Dehydration 1s raped and crrculatory
collapse follows death often resulting withmn 2 days of the onset The condition
found at autopsy Is an acute mnflammation involving mamly the small intestine
with superficial necrosis of extensne areas of the mucosa and an almost entire
replacement of the normnl flora by staphyl The histol ! app
produced are illustrated 1n Figs 11and 12 The relattonship if any between this and
a form of prostrating post operative diarrhoea which used sometimes to be seen
before antibiolics came 1o use 1s not known Stmilar cases stifl occur m which
no microbic cause 1s identifiable
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FiG 11 —Transserse scction of part of jejunum from a fatal case
of acute staphylococeal enterocohtis
Male aged 51 years given pemicillin and streptomycin prophy
lactically after partal gastrectomy onset of profuse watei
diarrhoea 2 days later death occurred on the following day despite
\ntravenous fluids erythromycin and 50 on Al autopsy there
were arcas of superficial necrosis of the mucosa throughout the
small intestine most extensive about the middle of the jejunum
The darkly stained material on the denuded surface consists en
tirely of masses of staphylococct (Gram stam x 50)
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Fi1G6 12 —High power view of an area from Fig 11 n which
the bacteria are less densely packed showing that these are
all Gram positive cocel (Gram stam X 1 000)
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Prevention and treatment

The overgrowth of candida during antibiotrc treatment can be prevented by also
adminstering nystatin in doses of 500 000 umits 3 imes a day the same treatment
1s applicable to the established infection This 15 2 purely ant: fungal antibiotic of
very low solubility and probably has ittle action outside the alimentary tract

The prevention of staphylococcal super infection 1s both more important and
more difficult The first line of defence 1s to shield the patient agatnst exposure to
cross snfection with antibiotic resistant staphylococe1” but we do not yet hnow
how to control the multiplication and migration of these organisms What we do
know 1s that their pattern of resistance 1s determined by local therapeuttc practice
every hospital or clinical unit makes 1its staphylococer what they are Hence 2
general restriction of the use of antibotics particularly for prophylactic purposes
of doubtful necessity 1s strongly to be commended The use of the tetracyclines or
of pemscillin with streptomycin as prophylactics n connexion with operations 15
equally strongly to be condemned Preparation for operations on the colon 1s
best achreved with sulphonamides and neomycin as described in an earlter section
If tetracychines are given for other indications moderate doses (1 0-1 5 grammes
daily) are safer than large ones

The stools of any patient at risk who develops diarrhoea should be examuned at
once by direct microscopy An undue proliferation of staphylococei can readily be
detected 1n a sumple stamned film and admmstration of the anubiotic responsible
can be stopped forthwath If this 1s done m time the outlook 1s better than published
descriptions suggest 1 have seen only one fatahty among at least 30 patients
whom a staphylococcal entenitss occurred although it cannot be known whether
all of these would have developed the full picture of profuse drarrhoea and collapse
had the nature of the condition not been recogmzed so early

In fully developed cases the other necessary measures are fluid replacement and
the admimstration of an antibiotic to which the staphylococcus 1s sensitive
ntravenous ad: ration may be advisable at first Eryth has generally
been used and novobiocin has also been found effective It 1s a sound policy to
reserve these antibiotics 1n hospital practice 1f not solely for such imperative
indications as this at least for such purposes that the development of resistance to
them 1 staphylococer will not be promoted Yoghourt has been adminsstered for
both the prevention and the treatment of staphylococcal enterocolitis with the
1dea of substituting a harmless for a potentially dangerous intestinal flora This
procedure nnocently ignores the fact that Lactobacillus acidophilus 1s highly
sensitive to the tetracycl and to eryth and hence could not be expected
to establish itself in the usual crrcumstances of erther preventive or curative use
The development of strains of lactobacilli resistant to these antibioties would
remone this objection and this p 15 now being explored
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CHAPTER 4

COLLAGEN DISEASES AND THE GASTRO INTESTINAL
TRACT

W A BOURNF

INTRODUCTION

THE collagen diseases comprise a group of syndromes of whose nature we are
ignorant but whose manifestations are located largely 1n connective tissue
(Bywaters 1956) Among these mamfestations the most important are fibrinoid
necrosis vascular lesions raised gamma globulin serositis arthnitis and lymph

d hy with the 1 add of changes 1n the kidneys blood skin and
other tissues and organs Damage to tissues and organs in these chinically vague
diseases 15 defimte but usually non specific 1t 1s secondary to the alterations 1n the
collagen ground substance fibroblasts elastic fibres and reticulum of connective
nissue It 15 associated with nfiltratton by or changes 1n leucocytes or leucocvte
activity on which diagnosts sometimes depends

To these syndromes the gastro intesttnal tract rarely adds symptoms or signs
which have chinical or pathological sigmficance In very few collagen diseases does
1t suffer charactenistic secondary changes due to the mamfestations 1n connective
tissue which the 1njuries of the disease process produce

The conception of a group of diseases associated with 1mury to connective
tissue widely distributed asitas throughout the body was regarded by itsintroducers
(Klemperer et al 1941) as a still further extension of the thesis of Morgagni that
diseases reside 1 certain organs and the later realization that they might reside 1n
certain organ systems such as that ble fort Sucha p
1s not at first sight hikely to have much relevance for the digestive system 1 which
organs and organ systems are particularly promtnent In fact the development of
our present views 1s closely related at two points with the digestive system The
new conception led to a re assessment of the observations of Osler (1903) who
reported cases in which marked disturbances of the digestive tract were assoctated
with skin and joint lestons before the ap of the latter Oslers
work was remarkable for its almost purely clintcal nature and the relattvely simple
and often dramatic nature of the gastro intestinal symptoms he observed gave
clear-cut data 1o correlate with those obtained from observation of the skin and

o1nts
! Another pomnt of contact was made when 1t appeared that rheumatoid arthritis
might be included among the collagen diseases and that rheumatotd pain and
shiffness might be ameliorated by jaundice as well as by other conditions It was
this observation which suggested to Hench (1949) the potentially reversible nature
of the rheumatoid process and was partly responsible for the tnal of adrenal
hormones in its treatment  Although the value of jaundice as a therapeutic agent 1n
rheumatord arthntis has been cnticized (Hartfall 1944) 1t s stll believed that the
failure of a damaged hiver to render adrenal hormones 1nactive may play a part
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1n the therapeunc effect of jaundice 1n some cases (Sherlock 1955) or that some
hepatic detovicating action may account for the failure of orally admimstered
hormones which must run the gauntlet of a healthy hver though parenteral treat
ment 1s effectine

The entenon applied by hiemperer et al (1941) for the diagnosis of damage to
collagen was the appearance of fibrinoid change 1n connective tissue As this
abnormal matenal and others (haematoxylmophilic bodies or abnormal sclero
proten) accumulate or cellular necrosis in vessel walls 1s followed by 1schaemua
undoubted changes occur in the quantity and quality of body flurds These are
not due to digestne disturbances (Robb Smuth 1952) but are secondary to this
accumulation of abnormal materials which disturbs the vital layer of connective
ussue through which all 1l P must be mediated
Abnormal peptid lysed by pi 2} enzymes may be the
mechamsm responssble for such damage The essential mechanisms of the gastro
intestinal system are however intracellular depend on other types of enzyme
acuon and tend to be mediated at cell surfaces There 15 an essential difference in
this respect which implies that 1n collagen discase disturbances of the gastro
sntestinal tract are not due to changes m essentral activity of its cells but are
secondary to changes 1n body fluids or blood supply Collagen disease may interfere
with the supply of the raw maternals of cell metabolism but leaves essential
gastro 1 lintar p hed

In considering such a difference 1t 1s worth recalling that collagen diseases are
commonly described as disorders of the mesenchyme In the embryo the mesoderm
grows rapidly and does not remain long undifferentiated but sphits into the somatic
mesoderm and the splanchnic mesoderm enclosing the coclomue cavity The
splanchnic mesoderm becomes closely associated with the entoderm so that the
primitive gut very early acquires 1wo layers one to ginve nise to the epithelial and
mucosal ining of the gut tract and 1ts glands and the other—the mesoderm-—
to give nise to the muscular and connective issue layers of the gut wall Ttis these
latter layers to which in the abdomen the penitoneum 1s added which will be
susceptible to mesenchymal disease Striated muscle related to the digestive tract
(the pharyngeal constrictors the diaphragm and the pelvic floor) will likewise
be liable to attack Finally the blood supply to the whole body arises 1n irregular
masses of mesenchymal cells lying between the splanchnic mesoderm and the
entoderm so that the vessels of the gastro 1ntestinal tract are susceptible 1n collagen
disease Any dtsorder of the mesenchyme will clearly involve structural or cir
culatory changes in very intimate connexion indeed with the essential tissues of
the digestive organs

Finally mention should be made of the part occupied by the gastro intestinal
tract in the aetiology of these diseases Their cause 1s still unknown Hyper
sensttivity to infecting organisms foreign proteins or drugs has been considered
important The concept of stress has been elab d and
physical infective or brochemcal stress may at times appear 10 be related These
forms of stress are very common and widely spread however and 1t does not
seem possible to relate them confidently to diseases of insidious and often febrile
onset liable in any case to be complicated by lowered resistance to infection
Ulcerative coliis parasitic infestation and new growth excepted primary dis
orders of the digestive tract have not been thought to play a signsficant part nor
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do suspect infecting agents notably streptococe: commonly 1mvade 1t Sulphon
amude treatment has been recorded as preceding the development of collagen
disease but mn almost all the recorded cases this has been guven for a respiratory
mfection As Rose (1956) pointed out cases should occur equally with 1nfections
1n other sttes 1f sulphonamide hypersensitivity were responsible and disorders of
the intestine frequently call for such therapy It does not appear that 1n the aetio
logy of collagen discase disorders of the alimentary systemwill with rare exceptions
need special constderation

Against this general background the indvidual mamfestations of gastro
wntestinal lesions 1n collagen disease will be reviewed The term usually meludes
rheumatord arthntis and ankylosing spondylitss polyarteritis nodasa generalized
tupus erythematosus dermatomyositis scleroderma  rheumatic fever glomerulo
nephritis Henoch Schonlein purpura erythema nodosum and others (Bywaters
1956) to which has been added thrombotic thrombocytopentc purpura

GENERALIZED LUPUS ERYTHEMATOSUS

Chmcal Manifestations
Generalized lupus erythematosus affects particularly female patients although
chronic discord disease shows hittle sex difference It 15 recogmazed that visceral
lesions may be present without skin lesions or that the latter may be confused
with seborrhoea eczema rosacea psortasss purpura or scleroderma or that
typical erythema nodosum may occur The polymorphic nature of these mam
festations has lent additional weight to Oslers description of gastro intestinal
complaints as important Most later reports agree in the frequency of such symp
toms 1n spite of minor post mortem evidence

Mucosal lestons are less common than skin lestons and tend to occur only at
the height of the disease whereas the latter are usually present i latent periods
(Tumulty 1954) If ulcerative they tend to heal Changes may nvolve the hp
margins cheek tongue palate or pharynx be indistingwishable from the lesions
of ltchen planus or present as erythematous or petechial patches or as herpetic
ulcers (Harvey et a1  1954) They may be associated as 1n a case seen personally
with lestons of the recto anal region so that simulation of the Stevens Johnson
syndrome 1s very close Klemperer et al (1941) reported a similar case

The oesophagus 15 involved 1n 7 per cent of cases {Tumulty 1954) and severe
dysphagia may be present due to lesions of its wall or from mediastimitts Though
nausea and vomting have been recognized as symptoms stnce Osler reported
them gastric lestons are not frequent but ulceratron secondary to arterial lesions
and 1n one case a filling defect by radiological examination which proved on
gastroscopy 10 be due to an oedematous haemorrhagic and eroded area (Golding
and Gowing 1953) have been reported Bowel symptoms are commeoner drarrhoea
associated with vomiting colicky pain and tenderness being present 1n approx:
mately 30 per cent of reported cases reviewed by Harvey et al (1954) Intestinal
bleeding accompanies these symptoms usually mild but occasronally severe

d P closely r bl ! colitis may be seen

P:monms 1s frequently found at autopsy but rarely causes symptoms nor do
pancreatic lesions The spleen 1s frequently enlarged and the liver more often stul!

though jaundice 1s rare
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These numerous symptoms and signs are rarely the first features of the disease
though they are found 1n 20-25 per cent of patients Of 62 cases reported by Dubors
(1953) they presented first 1 6 and werc promunent i 25 He constdered the
disease relatinely common (half as frequent as rheumatic fever) and its protracted
course—estimated by Tumulty to aserage 7 years—and its protean nature may
obscure the disturbances of the alimentary tract

Pathology

In the diagnosis of Tupus er ! 1 are
of great importance The appearance ol' the charactenistic cells 1s dependent on a factor
assoctated with plasma gamma globulm which 1s responsible for degradation of
polymorph nucler and the resulting d of and
There 15 hyperglobulinaemia which has been regarded as a fundamental anomaly
(Golding and Gowing 1953) assoctated often with a depression of serum albumin
so that the thymol turbidity and cephalin cholesterol tests become positne Such
changes are found 1n many chronic diseases and should not be regarded as evidence
of parenchymatous Irver dysfunction especially since the serum bilirubim and alkaline

levels and test are normal (Sherlock 1955) A false

positive serological test for syphilis present in 15-35 per cent of cases 1s an allied
finding

When gastro mntestinal haemorrhage 1s present or acute abdommal symptoms
develop haematological findings become mportant Anaerma 1s a common feature
and 1f haemolytic should suggest the diagnosis It 1s usually normocytic and normo
chromic though hypochromia may be present and its charactenistics will depend on
the relative degrees of blood loss renal failure and haemolysis Leucopenia below
5000 cells per cubic mulfimetre ts usual and even in the presence of infection the
total white count may not exceed 10 000

Gross post mortem changes charactenistic of the disease are few and none appear
1n the stomach or bowel the diagnostic macroscopic findings being in the skin and
endocardium Even microscopically collation of scattered findings tn connective tissue
blood vessels and blood kidneys and skin 15 likely to be necessary to sustain the diagno
sts Fibrinoid degeneration of collagen needs interpretation agatnst this general back
ground Itis for example well known that such degeneratton is found in the base of a
peptic ulcer

One visceral change—per artenial fibrosis of the spleen—is found commonly enough
10 be regarded as charactenisic though even this i1s not pathognomonic It consists
essentially of an aggregation of concentric rings of stout collagen fibres with a few
fibroblasts mn an onion peel arrangement Pert splenitis tends to be present but 1s not
peculiar to the disease nor is the peri hepatitis ongmally emphasized by Klemperer
etal (1941) though and fibrous by large and small
round cells may show occasional fibrinoid change (Golding and Gowmg 1953)
Perttoneal adhes:ons of this type are frequent in some senes and may be part of the
polyserositis which 15 a feature of some cases though chnical manfestations due to
them do not occur The Iver may show focal necrosis secondary to vascular lesions or
fatty imfiltration such as 15 found n a number of generalized diseases Occasionally
localized infective processes such as pylephlebitis or abscess formation are present

Diagnosis

Disorders of the ahmentary tract are not often a primary presentation of
lupus and d nd mght not seem likely to anse This
conclusion has however been based on reports of acute or subacute cases cormng
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to autopsy which are perhaps not charactenistic The now recogmzed lengthy
duration of the disease perhaps as long as an average of 7 years with repeated
remisstons of a year or more 1n as many as 12 patients out of 34 treated symptom
atically (Tumulty 1954) will give lengthy periods 1n which assessment of symp
toms1s very difficult If an exacerbation involves the ahmentary tract the association
of abdomunal pain and vomiting perhaps with melaena may simulate acute
abdominal disease and as Golding and Gowing (1953) remark when these patients
come under surgical junisdiction 1t may be with difficulty that the surgeons
hand 1s stayed Loss of weight malaise anorexia and similar vague complaits
frequently precede the relapse and confuse the picture If chromc discoid lupus
15 present the diagnosts may be at once suggested If there 1s doubt 1nquiry into
the past history for a wide range of complaints—pleurisy and effusion rheumatord
arthnitis nephritis pericarditis  drug sensittvity haemolytic anaemia  purpura
or eptlepsy—may lead to the tentative diagnosts and be supported by appropnate
pathological tnvestigations

Prognosis

Increasing realization of the disease has not improved the ultimate prognosis
despite the recogmtion of its subacute and chromic forms In these spontaneous
remissions are frequent following ivolvement of the skin joints or pleura but
much less common when other systems including the gastro mtestinal are imph
cated Gastro intestinal haemorrhage or necrosis of the intestinal wall may be

p ble for a fatal ter and are attributable to vascular disease
Treatment

There appears to be no cure for hzed lupus erytt the essential
metabolic defect not being susceptible to any t Supp of d

p
side effects may however be achieved in many cases by ACTH or steroid therapy
With these gastro intestinal symptoms respond well as a rule nausea vomiting
pamn and tenderness being releved mn a large proportion of cases Increase in
appetite and ability to tolerate food produce a gain 1n weight and marked general
improvement It does not appear however that the course of the disease 1s altered
and the inherent but unexplamed mability of these patients to combat infections
remamns Such infections must constantly be sought for and the suppressive
effect of steroid therapy will introduce addrtional dangers 1if given unnecessarily
A case has been reported (Harvey et al  1954) of a patient who died with peritonitis
while receiving ACTH and had Irttle evidence of the primary disease at autopsy
Such dangers and other effects of sterord therapy on the alimentary tract make
constant vigilance necessary

POLYARTERITIS NODOSA

Polyarteritis nodosa 1s a pan asteritis i which fibrinoid degeneration attacks all
coats of the smaller muscular arteries and artertoles Tt differs from generalized
Tupus erythematosus 1n the practical restriction of lesions to the vascular tree and
1n the predominance of males among those affected There 1s what has been termed
a melange of diseases going by this name (kranes 1956) which has been from
time to time divided and re divided on the grounds of chincal findings distribution
of lesions and morphological features Certain cases overlap with generahzed
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lupus and L E cells have been reported 1n them some have been classified as
hypersensitivity anghntis  with acute necrotizing inflammation around smalt
vessels 1nvolving the Iver and spleen but rarely the intestine others are classed
wath rheumatic artentss 1n which the heart and lungs are mainly affected others
appear to overlap with the so-called allergic granulomatous artentis others have
been related to temporal arteritis There 1s also the necrotizing arteritis found m
hypertenston It 1s however possible to attempt to distingwish one particular
group of cases by climcal and histologtcal cnteria and 1n view of the benefits
which treatment occasionally gves 1t 1s worth while to do so

Chmical mamfestations

Symptoms related to the digestive tract occur aganst the background of a
chronic indefimte tllness Loss of weight malaise anorevia generahized weakness
and pamns and low fever are common so that general infections such as acute
rheumatic fever typhoid fever or brucellosis may be suspected Drarrhoea
vomiting or constipation are frequent and abdominal pain with diffuse tenderness
may be due to lesions m the abdorminal wall which 1s involved 1n at least 50 per
cent of the cases (Miller and Daley 1946) In addition intra abdom:nal symptoms

such cond as ct pentonitis peptic ulceration appendt
citis or mesenteric thrombosts were present 1n practically 50 per cent of a senies of
230 cases reviewed by Mowrey and Lundberg (1954)

Clinucal examination rarely shows the subcutaneous swellings thought formerly
to be frequent Hepatomegaly with tenderness has been reported 1n 21 per cent of
cases but splenomegaly 1s rare Pain and tenderness are usually referred to the
epigastrium or right upper quadrant but the stgns may be those of perforation or
obstruction of a hollow viscus local inflammation or haemorrhage from the upper
or lower digestive tract It does not seem that lesions of the buccal mucosa or
upper onfices generally are found and they certainly have not the frequency of
those seenin dissemunated lupus The rectum and anus may however show changes
Felsen (1941) deseribed a case 1n which honzontal Iiear dark red streaks in
paraflel ines were seen on sigmoidoscopy and locahized by a spectal techmque to
the vascular layer He described two other cases in which inear and nodular lesions
often separated by skip areas were apparent It does not seem that the diagnosis of
polyartentis by this method has been recently reported though as 1n the case of
generalized lupus non specific ulcerative colitis has been found to be associated

Pathology

The cause of these vanied symptoms 1s 2 segmental necrosis of the media of the
medium and li-calibre arteries ¥ ema and progress
mg to fibrmoid necrosis Infiltration by mflammatory cells follows possibly with

or aneurysm and finally fibrosis healng and posstble
re-canalization These changes occur m the sessels of all organs and tissues to a varying
degree the hiver comng third in order of frequency followed by the gastro-intestinal
tract pancreas and mesenteric arteries and preceded only by the heart and lungs
There 15 evidence that these areas of necrosis and oedema tnvolving part or all of the
wall of the muscular artenies occur more frequently at arteral brfurcations and
branchings and this may account for their frequency at mesenteric attachments and
their widely recognized tendency to mvolve the gastro intestial tract So common 15
this that careful study of mtestinal histology has been recommended in cases in which
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focal embolic nephritis type I nephritis or } d
the renal histological picture as a necessary measure to exclude poly;\ncrms (Davson
et al 1948) Absence of gastro intestinal symptoms 1s no contra indication though
uncommon The usual vascular lesions may be followed by erosion or ulceration of the
mucesa leading occasionally to perforation and peritonitis or serous peritonitis with
adhestons as 1n generalized lupus may be present

Artenial lesions have been found in the pancreas in 50 per cent of cases 1n the gastro
sntestinal tract 1n 42 per cent the spleen 37 per cent the gall bladder 16 per cent but
infarction occurred m only 16 per cent of cases in the spleen 11 the liver 15 per cent
and in the gastro intestinal tract and pancreas 6 per cent each The liver may also show
mterstitial hepatitis disruption of periportal tissues bile duct proliferation and
parenchymatous degeneration Disturbance of liser function 1s however rare jn
spite of frequent clinical hepatomegaly and tenderness

A sub variety of polyarteritis  dufferent from pertarteritis nodosa 1n every respect
except the morphologic picture v»as described by Plaut (1951) who found arteritis of

the dix 1n 88 of 6 576 an meids of 134 per cent
No chincal correlaucn could be established and there was no recurrence after operation
A simlar lving the and gall bladder appears to

have been suggcstcd by Kline and Young (1934) and the histologrcal differentiation
again needs to be made in conjunction with clinical findings

Diagnosis
Muller and Daley (1946) specified as one of their chinrcal pictures of polyartentis
nodosa an atyplcal subacu!e or chromc abdomunal tllness The diagnosis should

also be r n 1c thrombosis or retroperitoneal
haemorrhage or when a!ypncal lesions are found at Iaparotumy on patients with
brief hustorzes susy d of st acute

or bleeding ulcers or malignant disease Frequent clues are found in a past hlstory
of peripheral neuritis sore throat arthralgias fugitive erythema and urticaria or
asrhma A second pomter s the addmon to the ongma]ly presenting abdomunal

of a y of pathol 1 lestons These findings
n a middle aged male should arouse suspicion but confirmation can only be by
biopsy and 1t 15 common to muss areas of skin and muscle involved while Iiver or
renal biopsy grves non specific changes Early diagnosis 1s at present rarely achiev
able and will probably not be until a laboratory test 1s evolved as reliable as the
lupus erythematosus cell test 1n the disseminated form of that disease In abdominal
conditions particularly other forms of artertis m1y give difficulty i diagnosts
From the Medical Research Counctl series of cases hypersensitivity to resptratory
nfections especially to those due to streptococer appeared to be the most likely
cause 1n many {(Rose 1956)

Prognosis

The prognosts 1s 1n general bad but 1s not markedly affected by the abdonunal
condition death usually occurring from damage to the central nervous system
the cardiovascular or renal systems The most favourable outlook 15 indeed 1n
the locahzed artentis of appendix or gall bladder

Treatment
Slcrold or corllcolmph:c therapy 1s probably most commonly used with a
for oral Its value 1s still undectded but gastro intestinal
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DERMATOMYOSITIS

1t has already been pomted out that on general principles and from chinical obser
vation sharp differentiation of collagen diseases 1s often difficult and dermato
myositss 15 a clear example Cutaneous lesions with extensive muscle weakness and
tenderness are 1ts essential chmeal features but it may be acute with involvement
of viscera or chromic with relative freedom from visceral damage Its full range
1s uncertain since skin changes are differently interpreted by dermatologists
The relation of these skin lesions to calcinosis and the subcutaneous tissue lestons
classified by Parkes Weber (1948) nto symptomatic sclerodermas and specific
disease sclerodermia or the systemic sclerosis of Goetz (1945) 1s still undefined

A review of the disease based on past case reports and reviews 1s for this reason
unsatisfactory and an estimate of the extent to which the alimentary tract 1s
wnvolved 1s correspondingly unreliable The point at 1ssue 1s very largely to deter
mrne the degree of damage done to the vital strrated musculature of the pharyny
larynx and diaphragm Early reports—for example of a child aged 6 years with
raw buccal and pharyngeal mucosa ulceration of the intestine and oedema and
round cell infiltration between the ﬁbres of the muscular wall of the intestine or
of another patient with wid and d of the
muscle wall of the oesophagus—may not refcr to the same disease since the
criteria now appled to acute collagen diseases had not then been developed
Simularly the uncertain mutual of der
scleroderma make reports of more chron ¢ cases equally uncenam “There are
nevertheless cases which can now be regarded as forming a reasonably defined
group and 1n which involvement of the alimentary tract can be studied

Another aspect which has lately attracted attention 1s the aetiological relation
ship of neoplasm to dermatomyositis New growths may be complicated by
dermatomyositis 1n somewhat the same unknown manner as by thrombophlebitts
migrans acanthosis mgricans polyneuntis or haemolytic anaemia A number of
examples of this association have been reported where malignant disease of the
alimentary tract was present

Chimical manifestations

Chuldren and (in most reported series) females are mainly affected In the acute
stage oedema of the face and patchy erythema with pam and weakness of proximal
muscle masses are the main complaints These may be preceded or accompanied by
fever jownt pains or deformities and occasional evidence of cardiac lesions so
that rheumatic fever or rheumatoid arthntis may be suspected at the outset If
the disease continues to the chronuc stage joint deformity and cutaneous atrophy—
poikilodermia—may appear

Among the skeletal muscles 1nvolved in the mnflammation and destructton
produced by the disease are those of the palate and pharynx If these are mnvolved
eatly in 1 patient with fever anupper respiratory infection may eastly be dragnosed
and an mfecnve basis postulated for the later manmfestations If in addition

b are given d 13 further l More
frequently howeyer the pharyngeal muscles are involved only after the main
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muscle masses elsewhere have shown marked weakness and after the appearance
of oedema and erythema

The disturbance 1n deglutition produced by pharyngeal mvolvement produces
some of the most outstanding features of the disease second only 1n mmportance
to the impairment of respiration Regurgitation through the nose may be an early
manifestation (in 7 of 25 cases reported by Sheard 1951) and 1s frequent at a
later stage Epigastric distress perhaps from damage to the diaphragm may be
associated

Associated with these disorders of function there are mucosal lesions O Leary
and Waisman (1940) reported stomatitis in 9 out of 40 patients of whom 27 had
dysphagia Wainger and Lever (1949) reporting the post mortem findings 1n 3
patients with emphasis on organs other than the skin and skeletal muscles found
ulceration of the oesophagus jgjunum tleum and rectum and oedematous
brawny thickeming of the intestinal wall 1n 1 case 1n whom during life there had
been gross abnormalities radiologically Microscopically there were severe vascular
lesions and 1t was considered that some of the histological findings closely resem
bled those found 1n lupus eryth or diffuse scleroderma The
difficultv of placing these cases into one diagnostic group 1s evident Since the
troduction of sterotd therapy the hability to ulcerative lesions may be increased
partly from the wncreased liability to peptic ulceration and partly from dtmimshed
resistance to infection A case has been reported in which there were multiple
perforated h [ gastric and duodenal ulcers after cortisone had been
gnen Dysphagia may however be due to o h 1 disturbance indi h
able radiologically from that found 1n scleroderma (Talbott and Ferrandis 1956)

1t has recently been estimated (Curtis et al 1952) on the basis of a sertes of
45 cases that 18 per cent of patients with dermatomyositis have malignant tumours
As the majority of patients are females 1n whom neoplasms of the sex organs are
frequent the digestsve tract 1s not often the site and 1n only 1 case 1n the above
series was 1t mvolved Other reports have recorded the parotid gland oesophagus
stomach gall bladder colon and rectum as sites of assoctated tumours usually
1n males The symptoms of dermatomyositis precede those of the tumour

Pathology

At autopsy gross changes are not conspicuous Irregular areas of oedema or hyper
aemua of the skin are present with occasional desquamation exconation or vesicle
formation The muscles appear pale and the long standing areas fibrotic Strated
muscle which particularly concerns the digestive tract shows diffuse and focal inflam
mation with | oedema and by Iympl Fibres swell and
become hyalimuzed with loss of striation the sheaths proliferate and fibrosis finally
occurs The walls of arteries and vems become thick and hyaline and as m poly
arteritis ulcers in oesophageal eprthelizm or the gastric and ntestinal mucosa may
occur from 1schaerma The liver and spleen may be affected n the same way or per!
Jobular cellular nfiltration be demonstrated

Diagnosis

Digestive disturbances usually occur late n the disease after generalized muscular

weakness and skin lestons have led to the dragnosis In rare cases buccal or rectal

ulceration has p d first or severe dysph has been a very early symptom
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The Stevens Johnson syndrome may be an 2ternative diagnosis and generalized
lupus erythematosus needs exclusion by the absence of the typical pathological
findings of that disease No charactenistic and diagnostic features are present in
biochemical imestigations Serum gamma globulin tends to rise but the albumin
globuhn ratio does not vary greatly and the body fluids show no gross disturbance

hese relatively normal findings probably indicate
lhc far morc locahzed savolvement of connective tissue (through which as quoted
above all p must be mediated) than n lized lupus
D. y tract anse from this localization John

the
stone (1952) referred (o lhc possible occurrence of scleroderma like lesions 1n the
pharynx and oesophagus in dcrm;\(omyosms and Talbott and Ferrandis (1956)
stated that the two d may be hable though changes in
dermatomyositis are considerably less frcquenl Duagnosis rests on the histological
findings 1n biopsy of altered skin and muscle repeated if necessary several times

Treatment
At present the use of ACTH or adrenal steroids 15 the method of first choice
No specific measures to deal with disorders of the alimentary tract have been
d but apanst 1 spill over  and search for
devell 1 dvisable With steroid therapy dietetic measures against

are
peplic ulcerauon alkali medication and tests for occult blood in the stools may
be wise

Prognosis

Talbott and Ferrandis (1956) stated that the discase 1s belteved to be fatal in
most Instances O Leary and Waisman (1940) thought implication of the wvital
striated musculature (including the pharynx) to be an extremely serious com
plication and 1t 1s likely that when gastro intestinal lesions are present the outlook
1s very bad However before modern treatments were available Roxburgh (1944)
considered there were mulder cases 1n which the prognosis was favourable though
skin changes and weakness from loss of muscle tissue were permanent In such
cases the alimentary tract may be 1mvolved more frequently than s realized
Although the fulminating form of the disease brings death rapidly the average

of Iife 15 app! ly 3 years and considerably longer survival
has been observed In these cases pharyngeal and oesophageal fesions may lead
to aspiration pneumonta and termunal infection and search for such sequelae may
enable precautionary measures to be taken

The presence of a malignant tumour does not appear to affect the ultimate
prognosis (Talbott and Ferrandis 1956) Although amelioration of the symptoms
and signs of dermatomyositis may follow treatment by removal irradiation or
chemotherapy of the growth the improvement does not seem to be either constant
or permanent

SCLERODERMIA (SYSTEMIC SCLEROSIS)
Klingman (1930} stated that scleroderma as an entity was scoffed at by most
authorities and there was at that time a necessity for Parkes Weber s differentiation
between sclerodernuia or systemic sclerosis (Goetz 1945) now regarded as a
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collrgen disease and the symptomatic sclerodermas in which sclerotic skin-changes
follow a vanety of conditsons circulatory endocnine or traumatic Conmectne
tissue may respond locally and so to speak symptomatically to sarious and often
local sttmuli by changes which macr pically and even micr y bl
the more generalized lestons of the essential and systemic disease sclerodermia
1t has been necessary to separate these lestons due to oedema erythema induratum
dysthyroidal states panmculitis fat sclerosts and pruniginous dermatoses from
the two main varneties of sclerodermia the circumscribed guttate or morphoeic
and the generalized There 1s also doubt about the umity of the generalized form
itself One of 1ts sub vaneties begins sidiously and attacks first the upper part of
the body spreading until in months or years the greater part of the body surface
1s involved the skin bound down and the joints and muscles so fixed as to interfere
with eating swallowing respiration and movements of viscera The other variety
begins like Raynaud s disease affecting several fingers or a hand or both hands
After months or years the skin of the distal phalanges becomes sclerotic the
fingers shrunken and the jornts fixed (Roxburgh 1944) Radrological examination
shows absorption or occastonally sclerosis of the phalanges and subcutaneous
calcinosis

This latter varety of lized sclerodermia has been dist hed from the
former on grounds of sex onset distnbution prognosts and visceral lestons
(Truelove and Whyte 1951) The visceral lestons in this variety or actually different
disease involve especially the digestive tract though they are widespread and to
the condrtion the terms  systemic scleroderma  or progressive systemic sclerosis
have accordingly been applied mstead of sclerodactyly or acrosclerosis as
formerly

Chmeal mamfestations
It 1s common for Raynaud s phenomenon to have been present for many years
before the patient becomes aware of any disturbance of the alimentary tract and
indeed functional and organic abnormalities of the tract itself particularly of the
oesophagus are quite often present without the patients knowledge In other
cases consciousness of delay at the cardta retrosternal pain vomtting and severe
loss of weight may be the presenting symptoms These may anse rapudly and
almost complete 1nability to swallow develops 1n weeks or months In a case of
Professor Grey Turner s with only 6 months history of Raynaud s phenomenon
operation was necessary to relieve dysphagia If delay 1s suspected |
over the epigastrium following a drink of water 1n the prone position may demon
strate 1t considerable prolongation of the usual 10 seconds wait betng necessary
before the characteristic sounds are heard Oesophagoscopy 1s usually dufficult
but 1f performed shows lakia patchy h and frequent stricture
Gastroscopy has been reported to show pearl white smooth glistening mucosa
surrounding the cardia apparently simular in appearance to the oesophageal
teukoplakia (Palmer 1949)
of 1 1n

p vol t more often than diarthoca
fmr;k steatorrhoea distension and rarely obstruction may develop Sigmotdo
scopy shows a peculiar pale dry grey rather rigid wall of the rectum and lower
sigmod colon regarded 1stic 1n the disease (Cullinan
1953) Rectal ulceration has also been reported
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Radiological appearances

The appearances tn this condiion as they 1ffect the pharynt and oesophagus
have been described by Johnstone (1952} In his account he included a case which
had be:n diagnosed as dermatomyositis in \\hlch there was defectine swallowing

normal ¥ ! peristalsts and hiatal hernta with

oesophagitis and Talbott and Ferrandis (1956} made a stmular report The liabihity
of dermatomyositis to involve the pharyngeal and palatal muscles has been
commented on above and i1t 1s of interest that the report by Ehrmann (1903)
which s usually stated to be the first on the subject of scleroderma with eesophageal
nvolvement might be nterpreted as dermatomyositis and that on endoscopy a
tumour was suspected a possibility which adds further 1nterest

Since Johnstones observatton that careful examunation of the pharynx and
upper oesophagus was destrable 1n scleroderma confirmation has been provided
(Ardranetal 1953) By ciné radiograph studies 7 patients with acrosclerosis were
compared 1n upright and supine positions with patients showing non scleroder
matous Raynaud s phenomenon with other patients having shight scleroderma
and with 1 patient having a long history of stomatitis pharyngilis and oesophagitis
leading to fibrotec strictures dilated satisfactorily at the time of exarunation In
these control patients no disorder of the tongue pharynx or oesophagus was
detected but 1n those with acrosclerosis the recogmzed difficulty in taking mast
cating and swallowing food was well demonstrated It appeared to be due largely
to of the normal ts of elevation of the tongue and excessive
backward projection of 1ts dorsal surface Marked elevation of the soft palate
contributed to the disability The force of gravity was necded to spill the bolus
into the mesopharynx and tf this and elevation of the tongue did not suffice there
was partial retention  After passage through the hypopharynx the cricopharyngeal
sphincter appeared to open normally but though pharyngeal muscular contractions
were normal n 2 cases 1n others they were weak or absent

The larynx usually closed normally but 1n 2 cases barium entered the vestibule
where 1t remained duning three swallowing movements and 1n 1 patient was seen
to enter the trachea

The mode of passage through the oesophagus was the same 1n 4 patients who
showed abnormal swallowing In all these the primary propulsive wave disappeared
Just above the level of the sternal notch There was no delay at the cardia int the
erect posttion except :n 1 patient When these 4 patients were examined 1n the
honizontal position however the time for transit of barium from the oesophagus
to the stomach was much prolongcd and amounted m 2 cases to half an hour
Ardran et al (1953) J of defective pharyngeal
when oesophageal retention 1s prcsent stnce 1t wall bc likely to Ie:\d to the spill
over 1nto the trachea later demonstrated by kemp Harper (1953)

Oesophageal function

Disorder of 1 function has been d by Dorn
horstetal (1954) by simuttaneous radiography and intra cesophageal pressure measure
ments Pressure readings confirmed the ciné radiographic findings of Ardran et al
(1953) that propulstve waves falled to continue normally into the lower half of the
oesophagus The upper half contracted with normal vigour though usually more
briefly and often with spontaneous iteration but the contraction etther failed entrely
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collagen disease and the symptomatic sclerodermas in which sclerotic shin changes
follow a variety of conditions circulatory endocrine or traumatic Connective
tissie may respond locally and so to speak symptomatically to various and often
local sttmuls by changes which macroscopically and even micr prcally resemble
the more generahzed iesions of the essential and sy disease sclerodermia
It has been necessary to separate these lestons due to oedema erythema induratum
dysthyroidal states panmiculitis fat sclerosts and prurigtnous dermatoses from
the two main vaueties of sclerodermua the circumseribed guttate or morphoeic
and the generalized There 1s also doubt about the unity of the generalized form
itsell One of 1ts sub vanieties begins insidiously and attacks first the upper part of
the body spreading until in months or years the greater part of the body surface
1s involved the skin bound down and the jonts and muscles so fixed as to interfere
with eating swallowing respiration and movements of viscera The other vartety
begins like Raynaud s disease affecting several fingers or a hand or both hands
After months or years the skin of the distal phalanges becomes sclerotic the
fingers shrunken and the jomnts fixed (Roxburgh 1944) Radiological examination
shows absorption or occasionally sclerosis of the phalanges and subcutaneous
calcinosis

Thus latter variety of generahized sclerodermia has been distmguished from the
former on grounds of sex onset distbution prognosis and visceral lesions
(Truelove and Whyte 1951) The visceral lesions m this varety or actually different
disease 1nvolve especially the digestive tract though they are widespread and to
the condition the terms  systemic scleroderma  or progressive systemic sclerosis
have accordingly been applied mstead of sclerodactyly or acroscleross  as
formerly

Chimcal mamfestations

1t 1s common for Raynaud s phenomenon to have been present for many years
before the patient becomes aware of any disturbance of the alimentary tract and
indeed functional and organic abnormalities of the tract itself particularly of the
oesophagus are quite often present without the patients knowledge In other
cases consciousness of delay at the cardia retrosternal pain yomtting and severe
loss of weight may be the presenting symptoms These may anse rapidly and
almost complete mability to swallow develops 1n weeks or months In a case of
Professor Grey Turner s with only 6 months history of Raynaud s phenomenon
operation was necessary to relieve dysph If delay 1s d 1
over the epigastrium following a drink of water in the prone position may demon
strate 1t considerable prolongatton of the usual 10 seconds wait being necessary
before the charactenstic sounds are heard Oesophagoscopy 1s usually difficult
but 1f performed shows leukoplakia patchy oesophagiss and frequent stricture
Gastroscopy has been reported to show pearl white smooth glistening mucosa
surrounding the cardia apparently strular 1n appearance to the oesophageal
leukoplakia (Palmer 1949)

Symptoms of ) nt more often than diarthoca
frank steatorrhoea distension and rarely obstruction may develop Sigmoido
scopy shows a peculiar pale dry grey rather nigid wall of the rectum and lower
sigmoid colon reg; dasa 15t1IC app m the disease (Cullinan
1953) Rectal ulceration has also been reported
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Radiological appearances
The appearances 1n this condttion as they affect the pharynx and ocsophagus
have been described by Johnstone (1952) In his account he included a case which
had been diagnosed as dermatomyositis 1n whch there was defectine swallowing
1 h ! penstalsts and hratal herma with

PP normal g
oesophagitis and Talbott and Ferrandis (1956) made a simlar report The hability
of dermatomyositis to imvolve the pharyngeal and palatal muscles has been
commented on above and it 1s of interest that the report by Ehrmann (1903)
which s usually stated to be the first on the subject of scleroderma with oesophageal
involsement rmight be nterpreted as der s and that on end y a
tumour was suspected a possibihity which adds further interest

Since Johnstone s observation that careful examination of the pharynx and
upper oesophagus was desirable in seloroderma confirmation has been provided
(Ardranetal 1953) By ciné radiograph studies 7 patients with acrosclerosis were
compared 1n upnght and supine positions with patients showing non scleroder
matous Raynaud s phenomenon with other pattents having shight scleroderma
and with 1 patient having a long hustory of stomatitts pharyngitis and oesophagitis
leading to fibrotic strictures dilated sausfactonly at the time of examination In
these control pattents no disorder of the tongue pharynx of oesophagus was
detected but in those with acrosclerosis the recogmzed difficulty in taking mastt
cating and swallowing food was well demonstrated 1t appeared to be due largely
to limutation of the normal movements of elevation of the tongue and excessive
backward projection of 1ts dorsal surface Marked elevation of the soft palate
contributed to the disability The force of gravity was needed to spill the bolus
into the mesopharynx and 1f this and elevation of the tongue did not suffice there
was partial retention After passage through the hypopharynx the cicopharyngeal
sphincter appeared to open normally but though pharyngeal muscular contractions
were normal 1n 2 cases in others they were weak or absent

The larynx usually closed normally but in 2 cases barium entered the vestibule
where 5t remarmed duning three swallowing movements and 1n | patient was seen
to enter the trachea

The mode of passage through the oesophagus was the same 1n 4 patients who
showed abnormal swallowing In all these the primary propulsive wave disappeared
Just above the level of the sternal notch There was no delay at the cardia in the
erect position except in 1 patient When these 4 patients were examned 1n the
horzontal position however the time for transit of banum from the oesophagus
to the stomach was much prolonged and amounted in 2 cases to half an hour
Ardran et al (1953) emphasized the sigmificance of defective pharyngeal clearance
when oesophageal retention 15 present since 1t will be likely to lead to the spill
over 1nto the trachea later demonstrated by Kemp Harper (1953)

Oesophageal function
N Disorder of b function 1n has been by Dorn
orstetal (1954) by ds hy and int hageal pressure measure

ments Pressure read
(1953) that propulstv
oesophagus The u
briefly and often wi

ings confirmed the cime radigraphic findings of Ardran et al
e waves failed to continue normally nto the lower half of the
pper half contracted with normal vigour though usually more
1th spontaneous iteration but the contraction either failed entirely
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to propagate or became very feeble and inco ordinate 1t 1s pointed out that this disorder
occurred 1n patients with sclerodactyly who were free from dysphagia and that the
association may easily be overlooked particularly if the radiological examumatton is
conducted 1n the standing positton and a barium cream of average consistency 1s used
Lower oesophageal weakness was demonstrated radigraphically if a thin bartum
emulsion (specific gravity 12) was swallowed i the supmne slightly head down
position when the bolus was carried to about the position of the tracheal ifurcation
At this pomnt progress ceased and though a further mouthful might push the barum
on a little 1t would enter the stomach only when the patient stood

Recent radiological exammnation of the itestine has shown far more frequent
mvolvement of the colon than of the small intestine (Kemp Harper 1953) In the colon
changes are easier to demonstrate and asymmetry with haustration on one side and a
wide mouthed diverticulum on the other may be striking In a minority of cases the
small intestine showed delay m motility and occasional out pouchings

Pathology

Laboratory examtnations rarely contribute to the diagnosts of the primary disease
few of the characteristics of other collagen diseases being present Occasional changes
m the serum protemn concentrations have been reported but must be uncommon
There may be a flat glucose tolerance curve if intestinal activity 1s rmpaired

Vartous histological changes 1n the alimentary tract have been described Dorn
horst et al (1954) found simple atrophy of the matn oesophageal musculature with
mmmal fibrotic replacement and cases observed y show simular
However other observers report localized muscular hypertrophy with swelling
a 1on and fibrous repl of the circular and longitudinal fibres (Goetz
1945) coagulatrve necrosis loss of striation and granular cytoplasm of the muscula
ture of the tongue pharynx and wall with no pr of
collagenous tissue between the muscle bundles (East and Oram 1947) or atrophy of the
true muscularts which was surrounded by extremely dense collagenous tissue (Abrams
etal 1954 Goetz 1945) It 1s clear there 1s no constant histological pattern mn the

) 1 wall The ) 1 may show if leukoplakia

has been present or thinming interruption and round celled mfiltration if ulceration
or oesophagitis have been present Histological findings are more consistent 1 the
bowel perhaps because complicating peptic lesions are absent Loss of muscle thicken
tng and cellular mfiltratton of the submucosa and 1 general hypertrophy of the
connective tissue are present (hemp Harper 1953) Muscular atrophy mvolves both
longitudinal and circular coats (Abramsetal 1954 Goetz 1945) and accounts for the
paper thin translucent appearance of the bowel wall which may perforate If necrosis
and ulceration of the mucosa 1s present Local pouchings and narrowing of the oeso
phagus and bowel have been attributed to lesions of the mesenteric plexus but these
are not constant though the disease may occasionally damage them 1n its progress

Dhagnosis

Sclerodermia with visceral involvement otherwise known as acrosclerosis
sclerodactyly or progressive systemic sclerosis can indeed when fully developed
be recognized more readily on clinical examination than any other collagen disease
(Talbott and Ferrandis 1956) The gastro intestmal disturbances of function and
anatomy which 1t produces are also often charactenstic and constant and their
association with Raynaud s phenomenon or in later stages with cutaneous
atrophy of the hands and face leaves httle doubt about the diagnosts Radiological
exarmnation of the hands and the oesophagus 1s usually suffic ent n cases which
are at all advanced
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SCLERODERMIA

At the same time the lesions demonstrated 1n the ousophagus by ridiography
can certanly be matched tn patients with shding hiatal hermias and oesophagiis
Tt 1s dafficult not to feel that the primary manfestation of the disease tn the oeso
phagusis 1n the early stages at any rate~and like the associated Raynaud s
phenomenon—a disturbance of function The obsenvations of Ardran and his
colleagues and Dornhorst and his colleagues indicate this and 1t may be that
mmpatred contractile power 1n the muscles of the oesophageal wall and of the
upper and lower pinch-cocks of the oesophagus causes a failure to mamntain
sufficientintra lununal pressure to resist reflux of gastric contents When this occurs
there may be a sudden exacerbation of symptoms so that rapid development of
oesophageal obstruction may suggest neoplasm Alternatinely slow deselopment
of non specific oesophagitis ulceration and hiatal hernia gives the vartous appear
ances found in that syndrome

Treatment

Although there 15 evidence that cortisone or corticotrophin therapy may relieve
the symptoms of scleredermia 1t appears that cases hkely to respond are those in
which vasomotor disturbances are absent (Zion et al  1955) Since wisceral lesions
are more frequent when vasomotor disturbances are present no benefit would be
expected and experience 1n several cases treated personally 1s 1n agreement The
element of oesophagitis present 1n some cases probably makes steroid therapy
hazardous In one such case admumistration of cortisone was followed by a very
severe oesophagitis necessitating gastrostomy

Localized scleroderma has been relieved occastonally by the use of cinchoninic
acid dernatives (Renmie et al  1951) Personal trial in 6 cases showing oesophageal
lestons gave no evidence of improsement

Benefi of the hageal lestons seems best directed to the usual

of h with an adeq supply of calorie protein and

vitamin requirements Obstruction can be safely dealt with surgically in suitable
cases dilatatton or operation having been justified 1n 4 cases seen personally
Sympathectomy has been of na benefit (Cullinan 1953y

When the bowel 1s involved treatment has to be empinical and medical directed
as far as possible to any anaema or steatorrhoea or vitamin defictency that presents
The lesion 1s diffuse and surgery 1s not indicated

THROMBOTIC THROMBOCYTOPENIC PURPURA

Thrombotic thrombocytopente purpura 1s rare though 1t will probably be 1n
creasingly recognized The bastc leston 15 at present thought to be an accumulation
of hyaline material beneath the endothel of and which
protruding into the lumen of the vessel becomes covered by platelets Diagnosis
1s made by finding the lesion 1n aspirated bone marrow specimens or 1n shin and
muscle matenal

Fever and mdefimite symptoms of malaise jomnt pains mausea and yomiting
are followed by purpura anaemia and Jaundice The anaemia 1s haemolytic n
type Hepatomegaly and splenomegaly are present in 50 per cent of the cases and
central spinal or peripheral neurological symptoms are frequent
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COLLAGEN DISEASES AND THE GASTRO INTESTINAL TRACT

Haematemesis and melagnt do not appear to occur independently of generalized
purpura though present mn about 20 per cent of published cases Changes 1n serum
protem levels may affect liver function tests and serum bilirubin levels are raised
but no primanly gastro enterological conditions seem to have entered the dif

d M 1c thromt has occurred 1n the course of the disease
but operative measures are regarded as hazardous because of purpura

HENOCH S PURPURA

In Henoch s purpura there 1s a generalized disturbance of the small blood vessels
which may show fibrinoid change endothelial swelling or perwvascular mflam
matory exudate

The conditron mamifests itself by abdomunal pain purpura and an erythematous
exanthem with which may be associated urticania joint pains or evidence of
nephntis Its most striking symptom 1s the abdomtnal puin due to oedema and
often haemorrhage 1nvolving the wall of the bowel and producing colic vomtting
and blood n the stools The cause 1s unknown but hypersensitivity to bacterial
infection has been suggested or allergy to 1tems of food Very rarely evidence
supporting the latter 1s obtained

In general no aetiology can be fully proved When the skin lesions do not
appear until after the abd I symp d may be ble though
mquiry should be made for a previous history of the vartous elements the
syndrome Many laparotomies have been performed and the condition found 1s
usually the above mentioned oedema and haemorrhage into the wall of the gut
Whitmore and Peterson (1946) pointed out that haemorrhage into the mucosal
layer would obliterate the mucosal folds and 1n severe cases cause separation of
patches of mucosa and ulceration They reported a case 1n which exanunation by
barium meal demonstrated trregulanities 1n calibre and outhine of the small bowel
with loss of mucosal pattern

A number of smular reports has been published In general there 1s hypomotility
rather than the hypermotility of enteniis  Gastric emptying tends to be delayed
Abnormal appearances may begin in the duodenum which shows spasm dila
tation or irregulanty and the mucosal pattern particularly 1n 1ts termunal region
and throughout the small intestine tends to be lost The loops of small bowel show
abnormal segmentation and marginal definttion 1s obscured with occastonal
suggestions of ulceration or early diverticulum formation These appearances
have 1n several cases preceded the appearance of the skin rash and have dis
appeared 1n from 4 to 12 weeks

Unlike the commonly associated nephritis joint swellings and intestinal bleed
ing seldom recur n the natural course of the disease It 1s not considered that
corticotrophun and cortisone are of any vatue (Philpott and Briggs 1953}

RHEUMATOID ARTHRITIS

Rheurnatord arthritis 1s classified among the colfagen diseases because of ats tendency
to show from time to time the vascular lesions tymphadenopathy raised gamma
globulin nodules fibnnoid necrosis serositis and arthnitts which are present with
occastonal exceptions but much greater seventy in the Tull blown members of this
group
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RHEUMATOID ARTHRITIS

‘When 1t 1ppears 1n its common and pure form gastro intestinal complications or
manifestations are very rare indeed However it has complex relations with generalized
tupus erythematosus and polyartenitts nodosa n which gastro intestinal lesions have
already been described The condition may develop as a complication of ulcerative
colitis or be associated with Sjogren s syndrome 1 which lesions of the alimentary
tract are undoubtedly present and which have been previously constdered 1t 1s prob
ably the commonest cause of amyloid disease in which the liver 1s very often affected
Thus n sanous indirect ways rheumatord arthritis has its gastro-enterologcal
influences

Some 20 years ago the problem was looked at the other way round entirely and a
very important causal factor of the diseasc was considered to be some general abnor
mality of the gastro intestinal tract Extensive series of post mortem examunations
make no mention of significant gastro tatestenal lesions 1n the uncomplicated disease
though Cruickshank (1954) found 2 cases in which vessels closely associated with the
oesophagus were considered to show the changes of rtheumatoid arthntis

However when polyarteritis nodosa arthrstis
the stomach and bowel 1s frequent and vascular lestons practcally mvanable Fam]
haematemesis and melaena have also been reported in theumatoid arthritis comph
cated by amyloid disease and termmated by urzemia

The ncidence of amyloid disea e 1n an unselected serses of hospital patients with
rheumatotd arthritis 1s about 4 per cent (Fearnley and Lackner 1955) and the Iner has
been involved in all cases where autopsy or biopsy has been possible It 1s of no chinteal
importance except dragnostically and all liver function tests are normal

1t may perhaps be added that a sunvey by the National Institutes of Health in the
United States of America revealed that mn a sertes of arthritic patients recenving corti
sone over a period of years the inctdence of ulcer approximated 35 per cent and that
tests for occult biood are routne 10 many rheumatic cimes 1t 1s perhaps surpnsing
that an alternative treatment giving asprrin orally i high dosage aimung at 1 gran per
pound of body weight per day has not 1n some years of personal experience been
associated with haema(emesxs There has seemed no doubt howeser that a therd

agen has been for several and
rerforations of pcpnc ulcers and occasionally jaundice with Iner function tcsts
mdicating biliary tract obstruction The of
arthnitis may be appreciably gastro-enterological

ACUTE RHEUMATISM

To complete the hist of commonly mcluded diseases 1t has been found that per
vascular granulomas are present 1n the intestinal submucosa and connective tissue of
the muscle coat in theumatic fever (Svartz 1956) Digestive disturbances are however
notoriously wnsignificant and rare Henoch s purpura may be associated but as
theumatoid arthritis gastro intestinal symptoms are hkely to be tatrogenic
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CHAPTER §

CANCER OF THE ALIMENTARY TRACT
1 Aetroloy of Cancer of the Stomach

RICHARD DoLr

INTRODUCTION

LiTTLE 1s hnown about the direct cause of cancer of the stomach but a great deal
has been learned about the predisposing causes which form the background to ats
development For the purpose of discussion these causes may be classed under
three headings (1) constitution (2) local gastric factors and (3} external environ
ment The classification s however arbitrary and some factors mught be classed
under two headings while others 1n one group may be dependent for their effect
on the presence of further factors classed in another group

CONSTITUTION
Heredity
That heredity may pk\y a part 1 determining the susl:epublhly to gastrnic cancer
has long been ts have been d of families in which a

remarkably high proportion of the members suffered from the disease (including
the family of Napoleon Bonaparte) these have been reviewed by Maimon and
Zimminger (1953) The evidence has recently been strengthened by compartson of
the madence of the disease 1 the families of gastric cancer patients with that in
the farmlies of other patients or in the whole population of a region or country
By such methods Videbaek and Mosbech (1954) 1n Denmark and Macklin (1955)
1 the United States of Amenica estimated that the disease was some 3—4 times
commoner in the affected families Other workers in the United States of America
(Hagy 1954 Woolf 1955 1956) have however estimated that the famihal
ncidence 1s only about twice normal and 1n view of the methods used this latter
estimate would seem likely to be the more accurate

Fanulial emvironment

Some of the farmilial excess 15 probably due to a common familtal environment
but 1n view of the known assocration between gastric cancer and the possession of
a specific blood group substance some 1s undoubtedly genetic in onigin Whether
these two factors together with perhaps an hereditary tendency to achlorhydna
are sufficient to account for the apparent vaniation 1n susceptibility 1s not clear 1t
may well be that other and important genetic factors are still to be discovered
Racial factors

The exstence of major racial differences n susceptibility has not been proved
‘The most striking apparently racial difference to have been recorded 1s that
between the Indonesian and Chunese residents in Java This was brought to hight
when Snyders and Straub (1923) reported that gastnic cancer formed only 1
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CANCER OF THE ALIMENTARY TRACT

per cent of all cancer seen among the Javanese while 1t accounted for 19 per cent
of cancer among the Chinese A stmular difference was subsequently reported by
Kouwenaar (1951 1955) in Sumatra The conditions of hife to which the two races
were exposed were largely stmilar butat 1s not tmpossible that some 1
factors (for example 1n the diet or the methods of cooking) may have been respon
sible for the findings

Luttle difference n incidence has been recorded between the white and the Negro
races when the two races are exposed to stmular environments It has certamly
been much less than the difference between sections of the same race when these
are lning under different conditions

ABO blood group

The surprising association between gastric cancer and the possession of the A
blood group substance was first discovered by Aird et al (1953) since then 1t has
been confirmed by several other groups of investigators in Great Britan Denmark
Switzerland and the United States of America The results obtaned n some
6000 cases and 100 000 controls are summarized 1n Table I On average the
mcidence among persons with group A substance relative to that among persons
of groupO151 19to 1 [t1sstrkngthat the relative incidence found between persons
of groups A and O in Basle and Copenhagen 1s similar to that found in Great
Britun although the normal distribution of blood groups 1n Switzerland and
Denmark 15 appreciably different from that in Great Butan

In Glasgow Sydney and Vienna no appreciable difference has been found
between the meidence m groups O and A but when all the sertes are considered
together 1t can be shown that the vanation from place to place 1s not significant
so that there 1s as yet no reason to beheve that the effect of the factor vares in
different parts of the world

According to two of the latest reports the significance of the blood group may
vary with the site of ongin of the cancers within the stomach (Jenmngs et al
1956 Billington 1956) Both these reports agree that the greatest excess of patients
1n group A occurred when the site of origin of the cancer was m the antrum {or

pre pylonic  region) they differ however 1n that for other gastnic cancers
Billington found an excess of patients of group O while Jenmings and his colleagues
found the distribution of groups 10 be essentrally normal Both serres are small
and the results need confirmation they may however be of considerable 1m
portance sunce they imply that the blood group substance could be 2 mayor factor
1n the aetiology of one particular type of the disease According to Billington s
data pre pyloric cancer could be 3 times as common among persons of group Aas
among those of group O

The mechanism by which one blood group can confer an increased susceptibility
to gastric cancer {or another an mcreased resistance) 1s unknown If as appears
Itkely the same relative incidence between the groups 1s found in many countries
1t will be dufficult to belteve that there 1s niot a special stram within the population
which carries both a high susceptibility to gastric cancer and a high meidence of
A substance Tt could be that the genes which control the desclopment of the
blood group substances also participate in the development of the normal physio
logical reactions of the gut A stmpler explanation however 1s derved from the
fact that group substances of the ABO and Lewis systems usually appear m the
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CONSTITUTION

gastro and probably the principal source of soluble
gastro intestmal mucus persons of group O usually secrete one substance (H)
while persons ofgroups AB and AB usually secrete their spcmf‘c group substances
in additon Ch y the are muco pol des and although
they resemble one nnother closely their molecular slzcs and the proportions and

TABLE |
RELATIVE INCIDENCE OF CARCINOMA OF THE STOMACH IN PERSONS WITH
BLOOD GROUP A COMPARED WITH PERSONS WITH BLOOD GROUP O
COLLECTED SERIES

Carcinoma Controls ,fr’,"‘,’{’:,‘:,
Centre Authors
o A o A A O

Birmingham 37 57 458 16 1
Leeds M 1 11359 | 9805 131 1
Liverpool 85 97 462 4021 13 1 Aurd etal (1953
Manchester 343 349 4512 31512 1 Awrd etal (1954)
Newcastle H 44 6398 | 5261 ] 125 1
London 578 617 4518 4219 | 116 1
London n 55 10.0 1093 | 18 1 Walther et al (1956)
Glasgow 159 108 8 4 101 1 Wallace (1954)
Sydney 116 97 | 14672 | 11514 | 107 Biltington (1956)
Basle 255 3714 1882 ] 2036 ] 136 1 Hottander (1953)
Copenhagen 141 212 5804 | 6299 | 139 1 Koster et al (1955,
lowa 38 416 7892 1 2625 12 1 utk\\'alkr <l at (l‘)SG)
Vienna 41s 508 3631 44221 10 |1 Spesser (19
Total all areas ! 2680 | 3031 | 61791 | 54308 | 119 1%

AfeR berts J A F (1957) mod 6 dbythe dd1  ffeshd ¢
$Obt edf mth weghtd  ge fth 4 d tee byth m hd mm dedbyW IM(1955)

of therr ch 1 are distinct and 1t 1s concetvable
that they react differently 1n the presence of certamn external carcinogens Not all
persons who possess a given group substance possess the ability to secrete it and
1t may be that a stronger association will be observed between the susceptibility
to gastric cancer and the muco polysaccharides 1n the secretions than has already
been observed with the group substances 1n the blood There s as yet no direct
evidence on this point bul Clarkc et al (1956) ha\e shown that this 15 true of
another gastro that 1s duodenal ulcer

Sex factors

In all countnies and at all periods for which data are available the mortality and
1t seems certain the incidence of gastric cancer has been less m women than in men
but the diference has not been great Recent mortality figures for 14 national and
racial groups are shown in Table 1I 1n all these instances the range of female
mortality varies only between 43 and 66 per cent of the male mortality It may be
that this difference 15 due to a constitutional difference 1n susceptibility of the two
sexes but from our knowledge of other types of non endocrine cancers 1t 1s also
possible that it 15 the result of consistent differences m dietetic or other personal
habits Tt rmught for example be due in part to simple quantitative differences 1n
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TABLE II
MORIALITY FROM CANCER OF THE STOMACH IN DIFFERENT COUNTRIES
Equnalent average
death rate
per 100 000 persons Female rase (per cenr) as
Country Pered | (ogea 3518 searss | e cons e
Men Romen
Japan 1951 220 112 51
Finland 1951-3 216 122 56
Iceland 1940-9 209 130 62
orway 1952 131 66 50
Netherlands 1950-2 116 70 60
Denmark 1951-2 96 56 58
France 1952 94 51 54
England and Wales 1951 91 48 53
Sweden 1952 90 60 66
Israel 1951 86 57 66
United States of America
(non whites) 1952 16 33 43
{whites) 1952 48 24 50
anada 1950 15 39 52
Venezuela 1950 65 43 66
Cal 1tedfromdat olectdbyN deb g(195%)e pbl hd nthent al t1 e tes Themeth dof
cleul tonofthe €q1al 1 erag death t  nth foot ot top £ 59

the amount of food eaten and hence 1n the degree of exposure to any carcinogenie
factors ingested at the same ime

LOCAL GASTRIC FACTORS

Gastrntis, pernicious anaemia and achlorhydria

The view that gastritis 15 a precursor of gastric cancer has been accepted by
dividual pathologists for many years (honjetzny 1913 Orator 1925) while Hurst
(1929) believed that the presence of chronic gastritts was the most common condt
tion predispostng to the disease and also d for the of
the disease with achlorhydria The concept of chromic gastritis 1s not an easy one to
define but it 1s clear from all reports that atrophy ts the primary feature of the
type of gastrtis which s often associated with cancer 1n the presence of atrophy
the test meal usually but not invaniably shows achlorhydria and it has recently
been shown that glandular mucoprotem 1s also absent from the secretions
(Wolfetal 1953) It seems probable that metaplasia of the surface epithelium and
gastric glands to an jntestinal type of epithelum (with goblet and Paneth cells)
1s an important hustological characteristic of this type of gastritis (Morson 19552
and b) Metaplasia 1s however not confined to patients with carcinoma of the
stomach but 1s found 1 an extreme form with pernicious anaemia to a lesser
degree 1 stomachs resected from patients with gastric ulcer and on occasions
1n patients without any gross gastric lesson It 15 notable that 2 high mcidence
of intestinal metaplasia was observed i the stomach of the Chinese i Java
whereas the condition was rare among the Indonesians among whom gastric cancer
was also rare (Bonne et al  1938)
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LOCAL GASTRIC FACTORS

Hurst s view that achlorhydra is a precursor rather than an accompamiment of
cancer has largely been developed by workers at the Mayo Climc Comfort (1951)
after reviewing the evidence concluded that it tends to support the hypothesis
that atrophy of the gastric mucous membrane plays an important role 1 the de
pression of mean gastric secretory activity before the development of cancer and
the atrophic gastric mucosa 1s a sol in which cancer frequently develops  Berkson
et al (1956) have now di the chimieat of these i
by following up—15 or more years after hospital investigation—a group of over
800 patients who had had achlorhydnia without having had esther pernicious
anaema or gastric cancer at the tume of the first examination They have also
stmilarly followed a group of over 200 patients 1n whom achlorhydnia was assoct
ated with pernicrous anaemta  Their results show that whereas the total number
of deaths 1n each group was close to the number expected from the mortality
recorded 1n the whole country the number of gastriccancer deaths was about
$1x times the number expected To some extent the excess deaths from gastric
cancer may have been due to a greater readiness to diagnose the disease 1n patients
already known to have achlorhydnia but this is unlikely to account for them all
Several other workers have recorded an incidence of gastric cancer 1n patients with
pernictous anaermma of about three imes normal  (khaplan and Rgler 1945
Mosbech and Videbaek 1950 Jorgensen [951) and chmecal data suggest that a
similar excess of gastric-cancer deaths may be expected 1n simple achlorhydria *

If these latter figures are accepted 1t follows that the inctdence of gastric cancer
must be approximately eight times higher m persons with clinical achlorhydria than
18 persons in whom gastric secretion 1s less severely depressed Whether the panemt
also suffers from permcious anaemia appears to be ummportant and n the
present state of knowledge 1t seems reasonable to attnbute the high incidence 1n
both groups to an underlying chronte atrophic gastntis

Gastric polyps

Polyps are uncommon 1n the stomach Schindler (1950) reported an merdence of
2 per cent 1n all persons coming to gastroscopy and their incidence 1n normal
persons must be very much lower They are however found more frequently in
persons operated on for cancer of the stomach 1n patients with pernicious anaerma
and 1n the presence of achlorhydria Carcinomatous zones hase frequently been
observed 1n individual polyps and it must be concluded that an adenomatous polyp
i the stomach 15 p a pre (Edwards and Brown
1950 Morson 1955c) The frequency with which malignancy occurs may not be
great and Cary and Hay (1950) have been able to follow 30 patients with gastric
Polyps for up to 9 years without sceing one develop imnto a cancer

Gastric ulcer

That cancer of the stomach may on occasions anise in the edge of a chronic
gastric uleer cannot be dented such a development must even be antictpated m

view of the natural history of chronic ulceration elsewhere in the body Clearly
however mal d

must be or the y of its
A, 8 Eh d w o  femoth d The e [ ¢
- - . < pedin paten wih  hl
bsia @ nefth fllpesa fh omepod g geshd B hydn b se'h ncdence mo x
orhdie 1t mt h htopopl w dabeg—4 1 h i23301
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TABLE It
MORIALITY FROM CANCIR OF THF STOMACH 1IN DIFFERENT COUNTRIES

l Equnalent average
! death rate
per 100 000 persont Female rate (per cent) as

Country Peri of f {aged 35-74 jears} per cent of male
I en | Women
Japan T o198 20 | 2 st
Finland 1951-3 2i6 122 56
Teeland 1930 § 209 130 33
Norway 11952 131 66 50
Netherlands 1 19% 2 e |1 w0
Denmark 1951 2 9 56 58
France 1952 9 s 34
England and Wales 1951 91 | a3 | 53
Sweden | 192 | % 0 | %
Isracl 1951 86 57 66
United States of Amenca 1 [
(non whites) 1952 76 33 43
(#hites) 1952 | 4 2 0
Canada [ 1% s 3 2
Venezuela pase | e | @ P
Caleu! ted fom d tacollect by N denb (195 0 p bl hed nth t T it1tt tcs The method of
€1 tto ofthe eq T raged th te ) thefoor tetop g %9

the amount of food eaten and hence in the degree of exposure to any carcinogenic
factors ingested at the same time

LOCAL GASTRIC FACTORS

Gastnitis permicious anaemia, and achlorhydna
The view that gastnitis 15 a precursor of gastric cancer has been accepted by 1n
dividual pathologsts for many years (konjetzny 1913 Qrator 1925) winle Hurst
(1929) believed that the presence of chronic gastritis was the most common condi
tion predisposing to the disease and also accounted for the common association of
the disease with achlorhydna The concept of chronic gastnitis 1s not an easy one to
define but 1t 1s clear from all reports that atrophy # the primary feature of the
type of gastritts which 15 often associated with cancer 1n the presence of atrophy
the test meal usually but not invarrably shows achlorhydria and 1t has recently
been shown that glandular mucoprotemn s also absent from the secretions
(Wolfetal 1953) It scems probable that metaplasia of the surface epithelum and
gastric glands to an ntestinal type of epithelum (with goblet and Paneth cells)
1s an important histological charactenstic of this type of gastritis (Morson 19552
and b) Metaplasia 1s however not confined to patients with carcinoma of the
stomach but 1s found 1n an extreme form with permicious apaenma to a lesser
degree 1n stomachs resected from patients with gastric ulcer and on occasions
n patients without any gross gastnic leston Tt 1s notable that a high incidence
of mtestinal metaplasia was observed in the stomach of the Chinese mn Java
whereas the condition was rare among the Indonesians among whom gastric cancer
was also rare (Bonne et al  1938)
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peptec uleeration tn a stomach wall weakened by the presence of a cancer and that
the cancer 1s sufficiently slow growing to enable the signs of chronwerty to develop
1n the ulcer

Whether such app of ch y could be produced 1n one or two years
15 not clear but patients with bemign ulcers which are pathologically very chronic
certarnly give a history of a year or less on occasions

It1s impossible to decide how important the contribution of benign ulcers may
be to the pathogenests of gastric cancer It s not large but 1f 1t accounted for only
5 per cent of all the cancers 1t might still be an important cause of that proportion
of cancers found aganst a background of an actively secreting mucosa

EXTERNAL ENVIRONMENT

Decrease in mortality
One reason for believing that environmental factors are of importance tn the
production of gastric cancer 1s that in several countries a substantral reduction has
been recorded in the mortality attributed to the disease For example in the
United States of America the equivalent average death rate from gastric cancer
for men aged 35-74 years was 1n 1952 45 per cent less than 1t had been m 1930 *
Stmlarly 10 Norway the rate had been reduced by 30 per cent and 1n the Nether
lands between 1939 and 1951 1t had been reduced by 31 per cent In England and
Wales on the other hand the change i mortality has been comparatively slight
Between 1913 and 1933 the death rate increased by 13 per cent but duning the next
20years it foll steadily and 1n 1954 1t was 3 per cent less than it had been 40 years
before In recent years there has not been an appreciable increase 1n mortality 1n
any country

When different age groups are considered separately 1t 1s found that the extent
of the declme has been greatest in the younger age groups while 1t has as yet hardly
ornot at all affected the older age groups In view of the long inductton period for
most types of cancer 1t must be expected that reductton 1n the prevalence of any
external agents capable of producing cancer would first show itself by a reduction
in the mortality of the younger ages and the observed changes 1n mortahty are
therefore consistent with the 1dea that the reduction 1s 1n part due to a decreased
exposure to such agents

It 1s true that a greater proportion of cases may now be regarded as operable
but the prognosis in the average case 15 so bad that 1t cannot be claimed that any
major proportion of the reduction 1n mortahty 1s due to a reduction 1n fatality

Geographical variation

Major differences are recorded tn the mortality from gastric cancer in different
countrnes A selection from the avarlable data 1s shown 1n Table I
The maximum rates are seen to occur in Japan Finland and Iceland 1n these
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occurrence would not still be disputed by physicrans who have had the chnscal
care of hundreds of gastric ulcer pauents In fact very few authenticated cases
have been recorded and the hypothesis that malignant degeneration 1n a chronte
uleer 15 1 reltinely tmportant cause of gastric cancer 15 derved entircly from
pathological considerations

Much time has been given to studying the histological appearances of ulcer
cancers - and strict enterta have been evolved for therr diagnosis (Newcomb
1930 Stewart 1955) The great difficulty ltes 1 distinguishing between a chronic
ulcer in the edge of which 1 cancer has developed and the occurrence of an ulcer in
tissue devitalhized by the presence of a spreading cancer In Stewart s view the
presence of 1 chrome gastric ulcer effectively rules out the second possibility
and so long as the cancer s sufficiently closely related to the ulcer he believes that

the positive diagnosts of 1 chromie ulcer 1s suffi to justify the diag of an
ulcer cancer On this basis Stewart found that uleer cancer was present in 103 out
of 1503 gasti y personally d at Leeds duning the years

1921 10 1949 of the other specimens 922 showed a simple chromic ulcer 465
showed a pnimary gastnic carcinoma and 13 showed the presence of both lesions
unrelated to one another That 1s to say [0 per cent of the chronic gastnc ulcers
examimed showed related cancer and 18 per cent of the cancers had ansen 10 2
chronic ulcer To check his conclusions Stewart compared the chinical and surgical
findngs 1n the threc groups of cases classified on histological grounds and found
that the duration of symptoms the acidity of the gastric contents and the tendency
for the lesion to tear on surgical removal were similar in patients with ulcer
cancer and 1n patients with chronic gastric ulcers Both groups of patients were
n these respects sharply distinguished from the patients with  primary gastric
cancer  On the other hand the site of the leston 1 ulcer cancer was intermediate
between the other two groups

The difficulty 1n accepting such results at thewr face value lies solely 1n the ranty
with which the transformation 1s observed during the follow up of gastric ulcer
patients treated medically It must be reahized however that even though gastric
cancer 1s responstble for aImost 3 per cent of all male deaths 1t has a high fataltty
rate and 1its annual incidence 1 a given population 1s low In England and Wales
only about | man 1n every 1 000 aged 45 years and over can be expected to develep
the disease during the course of a year so that even if one sixth of all gastric
cancers arose 1n chrontc uleers only about 3 out of | 000 ulcers would be expected to
become mthignant annually and this proportion would not be easy to detect
Swynnerton and Tanner (1953) 1 therr follow up study of gastric ulcer patients
treated medically found that 3 out of 262 had died of cancer of the stomach and
3 others had developed 1t in  some 2 000-3 000 years of observation These figures
are compatible with either the hypoth that no ulcer d or that an
appreciable proportion {say 10 per cent) of cancers arise from ulcers Swynnerton
and Tanner thought that the original diagnosis of 2 bemgn ulcer was erroneous In
2 of their cases and they preferred to ascribe the association between uleer and
cancer (if one exists) toa  preference of both for the same sorl  That there may be
a smularity of soil 1s perhaps suggested by the finding of a high prevalence of

| 1; n the hs of patients with chrome gastric ulcers
(Morson 1955a) If this 15 so 1t must be presumed that the observations of Stewart
and of many other cxperienced pathologists result from the occurrence of secondary
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45 per cent and 56 per cent—of the numbers expected from the data for the white
population Thatis the mortality among the Bantus was about 50 per cent of that
recorded for the population with the Iowest mortahity in Table II

Even within the boundanies of a single country substantial dilferences have been
recorded Thirty years ago the mortahity from gastric cancer 1n North Wales was
more than double that 1n the south cast of England and a stmular difference stil
eusts Stocks (1954) found that the proportion of cases confirmed by operation or
radiography tn North Wales was much the same as in the neighbouring region with
2 lower mortahty and 1t 1s probable that the difference 1s a real one Regional
differences have also been recorded in other countries i the United States of
Amenca for example the cancer survey of 1947 confirmed that gastric cancer was
50 per cent commoner i the north than 1n the south (Dorn and Cutler 1955)

Urban rural differences

Dufferences m incidence between town and country are 1n general not marked
Early in the century 1t was the rule for higher rates to be reported from rural areas
but this excess has now generally disappeared Tt still persists tn Denmark (Clem
mesen and Nielsen 1952) but in Finland there 1s practically no difference {Saxén
1955) and in Norway and in England and Wales the rate has become slhightly
higher i the towns (Pedersen 1957 Stocks 1947)

Relationship to soit

Several workers have sought to attribute regional differences to differences 1n
the character of the soil Tromp and Diehl (1955) showed that the mortality from
gastne cancer 1n the Netherlands was higher in situated
on peat souls than in those on sandy or on niver-clay soils and they suggested that
this meght be due to a difference n the distribution of trace elements In this
respect 1t may be recalled that Stocks (1924) found a posttive correlation between
ahimentary cancer and goitre frequency 1n Switzerland and a similar correlation
was subsequently noted 1n the United States of America (cited by Stocks 1947)
Stocks 15 now carrying out a large scale investigation into the nature of the soil at
the homes of persons dyng of different types of cancer in North Wales and the
surrounding counttes and 1n a preltminary report (Stocks 1956) he has presented
data to suggest that a certan high content of organic matter in the soil may be
associated with the homes of patients with gastric cancer This observation 1s of
particular interest since Davies and Wynne Gniffiths (1954) independently found a
similar characteristic to be associated with high gastric cancer incidence 1 Anglesey
North Wales Presumably if a relationship with one or more specific types of soil 1s
confirmed 1t must be interpreted as meanung that certain factors which are capable
of inducing or preventing gastric cancer are transmitted from the sotl to the local
food or water supplies

Socio-economic factors
One of the most striking facts about the distribution of gastric cancer 1s its
predilection for the poorer economic classes This 1s shown clearly by the reports
of the Regutrar General for England and Wales (1938 1954) When the male
population 1s divided into 5 classes according to occupation and marred women
are classtfied ding to the of their husbands 1t 15 found that the
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countnes the death rate from gastric cancer 1s between 4 and 5 times as great as it
1s among the white population of the United States of America These differences
cannot reasonably be attributed to differences i racial susceptibility The differences
between the 4 Scandinayian countries and between the 3 Enghsh speaking countries
weigh against such an explanation Nor does 1t seem that they can all be due to
diffe €S dards of d or Such an expl. mught
account for the positson of some countries—in Venczuela for example the low
rate 15 due to a disproportioniately low rate in the older age groups and these are
the groups which are most ltkely to be madequately investigated—but 1t cannot
surely account for the differences between Iceland Norway Sweden and the
United States of Amenica Evidence against such an explanation 1s moreover
provided by the data collected 1n those countries which hasve established schemes
of cancer registration A companson between the ncidence of gastne cancer
recorded 1n such suneys in Denmark Finland and the United States of Amenca
and the mortality recorded from death certificates shows that the 1wo sets of data
agree closely irrespective of whether the recorded mortality 1s lugh or low (Dol!
1956) It1s therefore probable that the differences which have been shown reflect
real differences and that they result from variations in the degree to which men
and women n the different countries are exposed to environmental carcinogens
Even more marked differences would probably be recorded if detailed vital
statistics were available for parts of Asia and Africa Clinscal and autopsy series
agree 1n showing that cancer of the stomach formed only a small proportion of all
cancer 1 many of the countries with relatively undeveloped medical services but
such data are very difficult to interpret Large differences may well be spurious and
due to differences in the average age at death and the relatne frequency of other
diseases ncluding other types of cancer
The available data were summanized and critrcally examuned by Nouwenaar
(1955) with the following conclusions
(1) The tncidence of gastric cancer among Africans hiving under pnmitne
Afrnican conditions was much Jower than among Africans hiving in a highly civilized
count
@) r'}he Malays of Indonesia and Malaya appeared to have a low mcidence
(3) Among the Chinese on the other hand the incidence may have been much
the same 1s among Europeans irrespective of whether the Chinese Ined m Indo
nesia Malaya or China
(4) In Vietnam the ncidence was much lower m the south than n the north
approumatig 1 the south to that found among the Malays
Since houwenaars report the first firm estimate of the mcrdence of cancer
among a natnve African population has been made by Higgmson and Oettle
(1957) who studred the Bantu populition of Johannesburg over the years 1953~
1955 and were able to relate the cases discovered to the population at nish with
some degree of confidence They showed that whereas the incidence of some types
of cancer was the same as or appreciably higher than would have been expected
from the martality data available for the non white population of the Unted
States of America the incidence of most types was apprectably lower For cancer
of the stomach the numbers of cases found (41 in men and 19 1 women) were
ectively 31 per cent and 39 per cent of the numbers expected from the data for
he United States of Amenica and were about 50 per cent-~that 1s
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What factors do these diets share in common which are deficient from the diets
m North Amenica and from the dict eaten by the South Afnicwn Bantu? Is 1t that
North American diets contan some protective factor? If so 1t would be com
prehensible that the 15 g lly low among the wealthier classes and that
1t has decreased recently 1n many parts of Europe

Whatever 1t may be 1t 1s difficult to see how the same factor could account for
the difference between the Chinese and Malays in Indonesia According to Kou
wenaar (1951) the principal foods of both are rice and fish  but the Chiese some
times eat pork and use fat freely while the Javanese sometimes eat beef and use
vegetable oils

An observation that may have some bearing on the dietetic factors nvolved
was made by Elkeles (1953) who reported that atherosclerosis as shown radio

hically by call of the abd laorta was bly less m
patients with gastric cancer than n other patients When allowance 1s made for
differences 1n age distnbution his figures indicate that calaification was present 1
36 per cent of a group of patients without gastric pathology agatnst 4 per cent
among 70 gistric cancer patients A similar though less marked difference has
been observed by Doll et al (1957) at the Central Middlesex Hospital London
(unpublished data) Tn 161 cases of gastric cancer caloification was seen n 12 per
cent while 1t was present 1n 29 per cent of a group of other patients of the same
sexand age distribution examined for vanous non gastric conditions These findings
recall the experience ot Dungal (1953) that ath Terosis 1s relatively
m Iceland (despite the high fat diet) and that it 1s comparatively rare 1 Japan 1t
15 concervable that dictetic factors antagonistic to one another are involved 1n the
developi of the two d

Methods of cooking may perhaps be of greater importance than the actual
food employed The pyrolysis of orgamc matter by heat can produce many potent
cascinogens (for example 3 4 benzpyrene) and such a reaction may be more
Iikely to occur with one mode of cooking than with another Frying gnlling and
roasting cause different chemical reactions from boiing and stewing Moreover
as Peacock (1956) ponted out the vessels used for cooking may also be significant
{ron 15 a potent catalyst for heated fats and induces more vigorous reacttons than
for example aluminium or glass and Peacock found that cotton seed oil heated
to 320 1n the presence of ron was more for the fore hs of
muce than the same o1l heated m glass vessels without contact with sron Whether
such an effect would also be reproduced 1n man 1s unknown but the results of his
experiments suggest that even such a simple change m human habats as the in
creasing use of non ferrous cooking vessels might exert an appreciable influence
on the incidence of the disease

The temperature at which food 1s taken may also be relevant Direct evidence 1
inconclusive but the habitual dninking of over hot fluids mav well contnibute to
the production of one of the cond: which pose to the log of
cancer—that 1s atrophic gastritis (Edwards and Edwards 1956)

Alcohol and tobacco

The abuse of alcohot 15 a factor which 1 view of s association with certatn
types of cancer of the pharynx and larynx might well be of actiological importance
Infact as has already been referred to men employed in the alcoholic trades show
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mortality i the poorer groups 15 \pproumately three times as great as that in the
wealthuest Simifar results hase been obtained at each of the three lst censuses m
1921 1931 and 1951 the results arc shown in Fig 13

A simtlar relaonship with economic status has been observed Norway
(Rennacs ind Ostburg 1955 and Torgersen and Putersen 1956) and to a somewhat
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FiG 13 —Standardized mortality from cancer of the stomach
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lesser extent in the United States of America (Cohart 1954) and Denmark {Clem
mesen and Nielsen 1951) From a detailed study of gastric cancer in Connecticut
Cohart (1954) concluded that 1t 15 1mpossible to attribute the differences in
mncidence to differences in erther iccuracy of diagnosis or completeness of
reporting

Occupation

No occupation has been found to give nise to a special risk of the disease and no
special nisk results from employment 1n those trades which are associated with a
high consumption of alcohol (Registrar General 1938)

Dhet

It 15 natural to suppose that one of the principal environmental factors to affect
the ncidence of gastric cancer should be the nature of the food put into the
stomach and that differences tn dietetic habits can explain many of the differences
n ncidence which have beer recorded In fact there 1s practically no evidence
about the carcinogenetic effect of foods This 1s due partly to the fact that until the

discovery that of the hwasa cause of death in captivity
of one species of rodent (Mastomys) no experimental animal was known to develop
cancer of the glandular part of the h ly often to be useful expert

mentally (Oettlé 1955) and partly because 1t 1s only recently that reliable eprdemio
logical evidence has been obtained of the great differences i nerdence which can
occur among racially stmilar groups At a first examnation 1t 1s extremely difficult
1o see what factors ate shared in common by the diets eaten by people who suffera
high ncidence and which are absent from the diets of those who have a lown
cidence According to Dungal (1955} food in Iceland is rich 1n ammal protein and
fat the staple foods are meat muilk and fish—boiled or fried—with relatively
great quantities of fat and fair amounts of bread and potatoes but with very httle
vegetables or frit On the other hand the Japanese who suffer an even higher
incidence of the disease eat diets which are extremely poor wn fats and which
consist essentially of boiled rice and vegetables with occasional fish—which 1s
often eaten raw
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What factors do these diets share in common which are deficrent from the dicts
1n North America and from the diet eaten by the South African Bantu? Is it that
North Amenmn diets contamn some protccmc factor? If so 1t would be com

h that the 15 g ly low among the wealthier classes and that
1t has decreased recently 1n many parts of Europe

Whateser it may be 1t 1s difficult to see how the same factor could account for
the difference between the Chinese and Malays sn Indonesia According to RAou
wenaar (1951) the prineipal foods of both are rice and fish but the Chinese some
times eat pork and use fat freely while the Javanese sometimes eat beef and use
vegetable oits

An observation that may have some bearing on the dietetic factors mnvolved
was made by Elkclcs (1953) who rcpon:d that atherosclerosis as shown radio

y by of the abd. laorta was bly less n
patients wnh gastric cancer than in other patients When allowance 1s made for
differences in age-distribution his figures indicate that calcification was present in
36 per cent of a group of patients without gastric pathology aganst 4 per cent
among 70 gastric-cancer patients A simtlar though less marked difference has
been observed by Doll et al (1957) at the Central Middlesex Hospital London
(unpublished data) In 161 cases of gastric cancer calctfication was seen m 12 per
cent while 1t was present m 29 per cent of a group of other patients of the same
sexand age distributton examined for various non gastric conditions These findmgs
recall the expenience of Dungal (1953) that ath 15 relatrvely
1 Teeland (despite the high fat dret) and that it 1s comparatnely rare 1n Japan 1t
1s concervable that dietetic factors antagonistic to one another are mvolved in the
development of the 1wo conditions

Methods of cooking may perhaps be of greater importance than the actual
Tood employed The pyrolysts of organic matter by heat can produce many potent
carcinogens (for example 3 4 benzpyrene) and such a reaction may be more
Iikely to occur with one mode of cooking than with another Frying grilling and
roasting cause different chemical reactions from boiling and stewing Moreover
as Peacock (1956) pointed out the vessels used for cooking may also be significant
Iron 15 a potent catalyst for heated fats and mduces more vigorous reactions than
for example alumenium or glass and Peacock found that cotton seed oif heated
to 320 1n the presence of ron was more for the fore of
mice than the same o1] heated 1n glass vessels without contact with iron W hether
such an effect would also be reproduced 1n man 1s unknown but the results of his
expeniments suggest that even such a simple change 1n human habuts as the in
creasing use of non ferrous cooking vessels meght exert an appreciable influence
on the incidence of the disease

The temperature at which food 1s taken may also be relevant Direct evidence 1
inconclusive but the habitual drynking of mcr hot fluids may well contribute m
the production of one of the ond d to the desel,

hich
cancer—that 1s atrophic gastritis (Edwnrds and Edwards 1956)
Alcohol and tobacco

The abuse of alcohol 15 a factor which in view of s assocration with certam
types of cancer of the pharynx and larynx might well be of actiologreal importance
Infact as has already been referred to men employed in the alcoholic trades show
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no grewter mortahty from gastric cancer than other employees and direct study
of patients has confirmed that those with gastric cancer give historses of no greater
alcohol consumption than those given by patients with other diseases (Stocks
1956)

Tobacco appears to be unrelated to cancer of the stomach irrespective of whether

1t 1s smoked 1n the form of cigarettes 1 a pipe or 1s chewed (Doll and Hill un
pubhished data)
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IT PRF MALIGNANT STATES OF THE COLON
D RICTUM

CuTHBLRT E DULES

THREE lesions of the colon and rectum arc hnown to be followed frequently by
cancer namely (1) bentgn epithelial tumours (2} famulial colonic polyposts and
{3) severe chronic ulcerative coliss The cvidence m support of ths 1s briefly stated
and the imual phases of mahgnancy in each lesion illustrated because this 15 of
the utmost importance 1n relation to surgical treatment It will help to avoid
musunderstandings 1f certain terms 1n common use by pathologists when reporting
on biopsies are first explamed

Defimitions

Irregular epithetial prolif —Thts may be t! it 'y or
monigin It 1s not necessanly a pre-cancerous lesion

Carcinoma 1 sitt —This means that cells having alt the typical morphological
charactenistics of carcinoma have been found in the sections but these malignant
looking cells are stifl i thewr natural relationship with surroundeng tissues and there
15 no evidence of either invasion or infiltration When the histological picture of
carcinoma i st s found 1t may be very difficult to decide whether this 1s actually the
first stage of cancer or 1s only a transitory of local tial
and repair In other words one cannot always say whether what appears to be carctnoma
m st will mevitably proceed to clinical cancer for this reason such cases should be
either excluded from cancer statistics or 1f included placed 1n a special category
The view of the author 1s that they should be classed as doubtful lesions possibly of a
pre-cancerous character (Fig 14 (a) and (b))

Focal carcinoma — This term s used to describe a small focus of undoubted carcmoma
but of microscopte dimensions and still kmuted to its site of origin and mmediate
surroundings (Fig 15) The difference between carcinoma m sifie and focal carcinoma
should be cleatly appreciated the former if left untreated may or may not proceed 1o
chinical cancer but the latter certainly will and should therefore be meluded n the
statistics as cases of cancer and not as doubtful lesions Distinction should be made
however between acctdental findings and cases of knawn focal carcinoma deliberately
treated by a local excision

Imasne cancer —A consertient term to describe a later stage i the development of
acarcinoma 1nvasive cancer mmplies that the mahgnant growth has proceeded beyond
the focal stage and that there 1s now obvious infiltration and mnvasion of surrounding
tissues (Fig 16) If snvastve 15 found ma d benign
tumour removed by a local excision the question arises as to whether or not further
surgteal treatment 15 necessary jmmediately Much wilf then depend on the histology
of the tumour and the evidence as to free margin In general st may be said that un
differentiated or anaplastic tumours are not safely treated by local excision but well
differentiated tumours which appear to be of a low grade of malighancy may often be
successfully treated by a loal operation only The progressive stages in the develop
ment of carcimoma In a pre existmg adenoma are represented diagrammatically s

Fig 17
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PRE-CANCEROUS NATURE OF BENIGN EPITHELIAL TUMOURS

Fic 14 —(a) Adenomatous rectal polyp showing much trregular epithelial proliferation
and patches of carcinoma m suu appeanng dark an colour in this picture (by courtesy
of the Edior of 3 R Colt Surg Edinb) (b) patch of carcinoma s siu from one of
the darker areas in (@) Though m these looking
cells are still 1n their natural relationship to surrounding tissues

PRE CANCEROUS NATURE OF BENIGN EPITHELIAL TUMOURS

The following points are evidence of the well-established close relationship between
bemgn epitheltal tumours of the intestine and cancer

(1) When patients withad villou I ftherectum orbath have
been kept under observation over a period of years it has frequently been found
that carcinoma has developed 11 a tumour previously known to be non malignant

(2} In the routine reporting on apparently benign tumours removed by local
exeIsion 1t 1s not uncommon to find unexpectedly a small focus of carcinoma 1n a
tumour the greater part of which has the histology of an adenoma or willous
papiloma Obviously the carcinoma has developed 1n 2 pre eusting bemgn
tumour

(3) Even 1n a large and typical carcinoma a careful search at the edge not

teveals some portions of a preceding benign tumour
(Figs 18 and 19)
These facts justify the that an ad, or papill of the colon
or rectum should be regarded as a pre cancerous lesion This does not mean that
all bemgn epthelial tumours become mal or that

mvanably begms in an adenoma or papilloma These lesions are described as
pre cancerous only because chimcal and pathological expenience proves that cancer
often develops within them
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FiG 15 —Section through a large broad
based papillary adenoma of the rectum
showing a small focal carcinoma
(marked by arrow}
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F16 16 —Adenomatous rectal polyp show
e much irregular eprthelial prohfera
ton  {(dark patches) and a small
carcmoma commencing to invade the
stalk of the tumour This mvasive
carctnoma 1s marked by an arrow (B
courtesy of the Editor of the Lancet)
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Fic 17 —Dtagram 1ll stages in d of mn a pre-evsting

adenoma (a) Mucus secreting e 1n ad

i suu (d) focal carcinoma (¢) and (f) mvasne carcinoma (By courtesy of the Editor

of the Lancet)

PRE CANCEROUS NATURE OF COLONIC POLYPOSIS

Colonic polyposis or familial mtestinal polyposis 1s a hereditary disease char
acterized by the development within the colon and rectum of large numbers of
adenomatous tumours 1t 15 a rare disease but during the last 30 years of sesearch
into its ongn and treatment at St Mark s Hospital London more than 60
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Fic 19 —Small protuberant carci
noma of the rectum The central
portion {marked by arrow) 15 1n
vasive but the growth on each side
1s benign

FiG 18 —Surface view of a large rectal
tumour the upper third of which was
hard and ulcerated and peoved to be
malignant (marked by arrow) The
Tower two thirds was soft and paler and
had the histology of a villous papilloma

polyposis farilies (approximately 1200 members) have been ivestigated and
famiiy pedigrees prepared The word member 15 used to describe polyposis patients
their brothers and sisters and direct descendants of these individuals Amongst
these members no fewer than 234 are known to have suffered from polyposts and
167 have developed intestinal cancer

Familial charactenstics
Evidence lhal the discase 1s famulial i character 1s not found n all cases of
1yp! but when 1s made between solitary and obviously
famthal cascs no difference 1s noticeable 1n the size or the number or distribution
of the tumours nor 1s there any difference 1n the age of onset symptoms or course
of the disease The solitary cases of polyposis also tend to develop carcinoma after
the same average peniod of 10-15 years and the average ag~ of death from cancer
1s approximately the same for both solitary and obviously familial cases

Onset and course of the disease

The following facts concermng the mhentance of this disease are now well
established Although hented 1t does not usually manifest 1tseif unul childhood
or early aduit Iife the first symptoms being some looseness of bowel action accom
pamied by the passage of excess of mucus and perhaps small quantities of blood
The course of the disease 15 very varrable 1n different families and even m different
members of the same famuly but in the more severe cases health 1s soon undermined
and the patient becomes 1t nounished and anaemic Cancer of the rectum or colon
15 almost certamn to develop and 1t 18 not uncommon to find multiple foct or malig
nancy when operation specimens are examined

Polyposts affects males and females equally and exther may transmut the disease
In most polyposis families only half the childeen are likely to inhent the abnor
mality and so become capable of transmutting it to the next generation The
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FiG 20 —Pudigree of a polyposts famdy Unaflected males and females are
ndicated by squates and curcles respectisely Members with both polyposis and
cancer arc marked black those with polyposts only are marked by shading
Other itlustrations of the member marked by an arrow are shown m Figs 21
and 22 (Figs 20 21 and 22 by courtesy of the Editor of Bt J Surg)

Fi6 21 —Surface view of mucosa of the colon
from a member of a polyposis famuly marked by
an arrow m Fig 20 More than 5000 tumours
could be counted in this specimen  None of them
looked or felt like malignant tumours and this
patient was successfully treated m the pre Fia 22 —Close up of surface of mucosa
malignant phase of polyposis (reproduced actual size) from patieat

Wltustrated 1n Fig 21 and marked by
arrow n Fig 20
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SEVERE LONG STANDING ULCERATIVE COLITIS

Fig 23 —Small focus of epithe
lial proliferation n mucoas
from a case of familial poly

posis an early stage in the

Fi 24 —Low power vew of
three adenomatous tumotrs
from a case of famultal poly
posis Note normal mucosa
between tumours (Bv cour
tesv of the Editor of the
Lancet )

of by bers 15 a question requiring further

investigation but in the meantime 3t can be said that they are very unlikely to
transnut the disease

The pedigree of a typical polyposis family 1s recorded 1n Fig 20 The patient
1ndicated by an arrow developed symptoms of polyposis at the age of 16 years and
was treated by colectomy and 1leo rectal anastomosis 2 years later More than
5000 tumours were found 1 the colon (Figs 21 and 22) The histology of another
similar case of polyposis 1s shown 1n Figs 23 and 24

During recent years there has been a great improvement 1n the end results of the
surgical treatment of colonic famhal polyposis The mamn reason for this 1s be
cause more and more patients are being treated 1n the pre malignant phase of the
disease an advance made possible by follow up of both affected and unaffected
members of polyposts families

SEVERE LONG STANDING ULCERATIVE COLITIS
Relation to cancer

Almost every surgeon who has mquired 1nto the relationship between ulcerative
coliis and cancer has reached the conclusion that severe ulcerative colitis pre
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16 21 —Surface view of mucosa of the colon
from a member of a polyposts family marked by
an arrow 1n Fig 20 More than 5 000 tumours
could be counted 1n this specimen None of them
looked or felt like malignant tumours and this
patient was successfully treated n the pre
malignant phase of polyposis

PRE MALIGNANT STATES OF THE COLON AND RECTUM
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FiG 20 —Pudigree of a polyposis family Unaﬂ'ec(:d males and fcmnlcs are
ndrcated by squares and circles resp ly Members with both pi and
cancer are marked black those with polyposis only are marked byrsh::dmg
Other iltustrations of the member marked by an arrow are shown i Figs 21
and 22 (Figs 20 21 and 22 by courtesy of the Editor of Bt J Surg)
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FiG 22 —Close up of surface of mucosa
{reproduced actual size) from patient
iltustrated 1n Fig 21 and marked by
arrow 1n Fig 20



SEVERE LONG STANDING ULCERATIVE COLITIS

FiG 23 —Small focus of epithe
lal proltferation in mucoas
from a case of familial poly
posis an early stage n the
development of an adenoma

Fic 24 —Low power view of
three adenomatous tumours
from a case of familial poly
posis Note normal mucosa
between tumours (By cour
tesy of the Edior of the
Lancet )

possibility of by bers 1s a question requinng further
mvestigation but m the meantime 1t can be said that they are very unhkely to
transmit the disease

The pedigree of a typtcal polyposts famuly 1s recorded 1n Fig 20 The patient
ndicated by an arrow developed symptoms of polyposis at the age of 16 years and
was treated by colectomy and tleo rectal anastomosis 2 years fater More than
5000 tumours were found 1 the colon (Figs 21 and 22) The histology of another
stmutar case of polyposis 1s shown 1n Figs 23 and 24

During recent years there has been a great improvement in the end results of the
surgical treatment of colonic famthial polyposis The main reason for this 1s be
cause more and more patients are being treated in the pre malignant phase of the
disease an advance made possible by follow up of both affected and unaffected
members of polyposs farmihes

SEVERE LONG STANDING ULCERATIVE COLITIS
Relation to cancer

Almost every surgeon who has inquired mto the relationship between ulcerative
colitts and cancer has reached the conclusion that severe ulcerative colitis pre
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PRE MALIGNANT STATES OF THE COLON AND RECTUM

disposes to carcinoma and that the extent of this predisposition has been under
estimated 1n the past because of difficulties in diagnosis both clinical and patho
logical Observations at St Mark s Hospital have confirmed this and also brought
to hight the fact that the ncidence of cancer varies with the seventy and duration
of the preceding colitis Cancer 1s most likely to be found 1n severe cases of ulcera
tive colitis which have continued for several years In cases personally studied the
average duration of symptoms of ulcerative colitis before the onset of secondary
intestinal cancer has been 15 years This latent period before the onset of mahg
nancy corresponds exactly to that observed 1n familia! intestinal polyposis
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Fic 25 —Rectal cancer following ulcer  Fi¢ 26 —Small focus of collod carcnoma
ativecolitis The growth had the appear discovered within submucosa from a
ance of a dense stricture encircling the patient wath ulcerative colitis treated by
rectum It was I m it (By courtesy of the Editor of
and had spread diffusely 1n the perrectal Ann R Coll Surg Engl})
tissues and given mise to many lym
phatic metastases (Bv courtesv of the
Editor of Bt J Surg)

In a consecutive sertes of 120 colectomies undertaken for the treatment of
ulcerative colitis the author found unsuspected cancer 1n 7 cases (5 8 per cent)
and these included many young people the average age of the 120 patients being
42 years No doubt 1n the future cancer will be found less frequently 1n colectomy
specimens because surgeons are now operating at an earlier stage of the disease
and before cancer has had time to develop

The present posttion may be summanized by saying that any patient mn whom
severe ulcerative cohitis has lasted more than 10-15 years has entered a phase when
intestmal cancer has become a definite risk
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SEVERE LONG STANDING ULCERATIVE COLITIS

Fi6 27 —Down growth of
epitheltum within an i
flammatory polyp at the
margmn of a healing ulcer
in a case of ulcerative col
itis This must be distin
puwished from malignant
ivaston or infiltration

Fi6 28 —Misplacement of
normal epitheluum within
submucosa the result of
reparative processes in the
heahing stage of ulcerative

colitis. 1{3
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Prognosis of cancer following ulcerative colitis

‘When consid the of cancer foll g ulceratne colitis
1t 15 1mportant to distinguish between patients diagnosed clinically as suffering
from cancer and those 1n whom the presence of an unsuspected cancer was dis
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co:cred in & colectomy which had been undertaken for the treatment of the coliis
only

When clhinical cancer follows ulcerative colitis 1t will generally be found that the
growth ts anaplastic 1n character and has given nise to widespread lymphatic
metastases (Fig 25) On the other hand expenience has shown that patients with 1
small focus of cancer 1n 1ts pre clinical phase enjoy a good prognosis after colec
tomy due to early removal of the mahgnant discase An example of a small
mucroscopic focus of collord carcmoma lymg beneath intact mucosa—a chance
finding n 1 col y sp din Fig 26

Recogmtion of malignancy

The recogmtion of minute foc: of of colitss
15 not always easy In the sections they h:ne lo be distinguished from benign
down growths of epithelium and sslands of normal nusplaced epithelium such as
occur 1n the healing stage of ulcerative colitis as the result of reparative processes
Two such cses are illustrated 1n Figs 27 and 28 This 1s an important pont
because 1t 15 1n this healing stage of colitis that cancer 1s most likely to develop
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11T EXFOLIATIVE CYTOLOGY OF THE
GASTRO INTESTINAL TRACT

Howarp F RASKIN JosEPi B KIRSNER AND WALTER L
PALMER

INTRODUCTION

TE fundamental characteristic of cancer cells which makes possible exfoliative
cylology 15 loss of adherence to one another or to the parent tissue Coman (1944)

rated by micro I} that fewer mil of force are required
to part carcinoma cells from one another than to separate normal cells Gastro
ntestinal cytology has developed more slowly than gynaecological or pulmonary
cytology because of the greater difficulty in obtaining well preserved diagnostic
exfoliated cells This handicap now has been largely eliminated by important
techrological advances The purpose of this chapter 1s to describe the simplest and
most effective methods of collecting cells from varous portions of the gastro
intestinal tract to indicate the problems of the procedure and to evaluate its
current usefulness

Stanstics
The Gastro Exfol Cytology Lab, y at the Unnersity of
Chicago has been functioning for 5 years Table I Iists the over all results for the
4 magor areas of the alimentary canal
As the cxpenence of the group d and refi m tech were
Ic accuracy { Table II lists the results of the last 16

months

Enaluaton of cytologteal reports
The two most common causes of fallure to obtan mahignant cells are the
submucosal location of the tumour without involvement of the mucosal surface
and the presence of a thick tenactous exudate covering the surface of the lesion
Ermrs may occur during the examination and nterpretation of slides as atypical
cells are Ily overlooked or unrecognized Failure to detect
cancer when present 1s constdered an error of omussion a  false negative report
The converse of this sitwation 1s the misinterpretation or erroneous positive identifi
cation of non malignant cells a false positive report A report positive for ma
Iignancy may constitute cytologrcal confirmation of disease already suspected
or diagnosed by other means but chinically 1t contributes a decisiveness to the

not d by other hods In many the procedure has
disclosed a neopl not d d by other dragnostic tests Ncgalnc reports
have a very i However di such as

or suggestive of cancer are often misleading and confusing and contribute

Iittle to the evaluation of the climcal problem In the final analysis a positive

or negative report must always be eval d arately 1n each individual case
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EXFOLIATIVE CYTOLOGY OF THE GASTRO INTESTINAL TRACT

Every physician requesting exfoliative studies must appreciate that i spite of
high standards errors due to falure to obtamn cells or to msinterpretation will
occur m a small p of cases Histological confirmation of cytologically
diagnosed cancer should be obtained if possible to complete the study

General technical principles

Expertence has demonstrated that maximum efficiency 1s achieved when the
same individual collects stams and reviews the shides (Graham 1954) A phystcian
need not be involved 1n the more routine aspects of this time consuming and
tedious work Skilled resp bl t seem adeq for this purpose
nevertheless a physician expersenced 1n gastro 1ntestinal cytology 1s essential to
supervise and evaluate the results 1n relation to the total chinical situation

Successful exfol e cytology requires d 1 to
details Faulty or careless technique may result tn the loss of the few malignant
cells exfoliated n a particular case and hence a false negatne report The cyto
technician should know the clmrcal reason for the examination as well as the
laboratory and roentgen findings Knowledge of the presence of an oesophageal
dnerticulum a2 large diaphragmatic herma or subtotal gastric resection 1s timpor
tant when the stomach 1s to be intubated It 1s likewsse important to know the site
of a suspected lesion so that the Levin tube may be placed accurately and the
suspected area lavaged vigorously Both the rubber and plastic tubes utilized are
radio opaque facilitaung fluoroscopy when necessary All tubes are passed
through the mouth to avoid carrying nasal columnar mucosal cells into the stomach
On two occastons knowledge that the patient had coryza prevented a false diagnosss
of lymphoma of the stomach These patients had swallowed nasal secretions

a large cell bling a lymphobl: two weeks after

recovery from the upper resp Y e faifed to produce
stmilar cells Apart from the time spent with the patient collecting the material
the technician usually devotes several hours 1n examimng the shides hence climeal
contact with the patient produces that extra endeavour by the technician on behalf
of cach patient during the urnng and faborious job of scanning the stides The
average gastro intestinal shide requires half an hour of study compared to 5
minutes for gynaecological smears Usually 6 shides are prepared m the examina
tion of the stomach while only 1 cervical smear 1s usually made These figures
alone will explain why gastro 1 eytology will probably remam himited to
selected cases while mass eytological screening of the female population is possible
for uterme cancers

The recogmtion of the typical cancer cell from any locality of the gastro
1ntestinal tract 1s not difficult as a rule when sufficzent cells are present The major
problem has been the inconsistency of cellular quality and quantity Certamn
fundamental rules should be observed The exammnation should be deferred when
detnitus obscures the cellular component Patients with pyloric obstruction should
be given a clear Liquid diet for at least | day the stomach should be emptied and
lavaged through a large Ewald tube the mght preceding the examunation Strictures
of the colon require special efforts to ensure complete removal of facces Food
and barium nterfere 1 two ways (1) the heavier contaminant will grind and pack
the cellular material during centrsfugation and (2) debris on the slide mcreases the

difficulty of recogmzing cancer cells
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Certamn precautions are necessary 1n the collection of the cytological matersal
The aspirate should be placed promptly m 50 mullilitre plastic centnfuge tubes
suspended in an ice water bath This chilling 1s performed routimely for collections
from all areas but 15 most lmponan! m the gastric wash to minimize enzymatic

peptic di of cells Desq i gastric cells at room temperature
for 10 minutes 1n the presence of strongly acid gastric juice often lose their cyto
plasm and appear as naked d nucler The lete collection 1s centrt

fuged at 5000 revolutions per munute for 2 minutes The supernatant fluid 15
decanted and the sediment from several tubes 1s rapsdly transferred by spatula to
a frosted glass shde A second shde 15 placed upon the face of the first the two
shides are pressed together then pulled apart with a rapid honizontal motion and
placed back to back 1n an equal mixture of 95 per cent alcohol and ether The
slides should not be allowed to air dry 1n fact only a few seconds should elapse
from the time the sediment 1s smeared until 1t 1s fixed

The purpose of this chapter 1s not to describe 1 detml the appcarance ol’ gastro
intestinal cancer cells excellent ph h:
the monographs of the Stafl of the Vincent Mcmonal Hosputal (l950) and Papam
colaou s atlas (1954) Moreover personal experience 15 more vatuable than an
atlas of photormicrographs Cancer cells are distinctive and are easily recognized
they rarely simulate berugn and atypical cells On the other hand several diseases
may exfoliate non malignant cells mimuicking cancer 1n many respects These
cells have been encountered thus far mn the oesophagus the stomach and the
colon and have been responsible for false positive diagnoses An mtnguing and
potentially significant fact 15 that these atypical abnormal cells are the product
of diseases generally thought to predispose to alimentary cancer namely oeso
phagitts with leucoplakia benign healing gastric ulcer the post wrradiated stomach
permicous anaemma 1n relapse {atrophic gastnuis) and the regeneraung phase of
ulcerative coliis Exfoliative cytology thus provides an unusual opportumty to
examine rep dly gastro p and atypias

Morphological changes

Cowdry (1955) has desenbed i great detml \he differences n cyloplasm and
nuclearplasm between benign and mal cell. cellsarede d
ated thatis through a loss or fatlure to dc\:lop specific function the cells are not
specralized They resemble one another more closely than the normal cell from
which they onginated More attention has been focused on the alteration of nucleo
cytoplasmic ratio Many cancer cells exceed the size of normal columnar cells
twofold or more The nucleus 1s disproportionately increased 1n size and indeed
may constitute 80 per cent or more of the cell The intra nuclear material undergoes
typical changes The nucleoli may increase in size and with the presence of false
nucleol and chromatin the general 15 one of 1rregular
heavy clumping Such nuclear mottling 15 one of the more important features
of the cancer cell Less common are changes in the nuclear membrane which
may be thin and quite normal 1n appearance but more often are thickened with
roughened edges Mitotic figures and abnormal cell division such as br nucleated
ce]ls are noted occasionally The cytoplasm 1s usually reduced 11 amount and

15 1rregularly lackmg smoothness and homogenesty

Some cancer cells are phagocy and of other
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EXFOLIATIVE CYTOLOGY OF THE GASTRO INTESTINAL TRACT

malignant cells within the cytoplasm Cancer cells scraped from malignant Jesions
mmmeduately after surgery and stained with the Papanicolacu method resemble
closely the exfoliated cells collected by stmple Javage

THE OESOPHAGUS

Exfoliatne cytol le of the h 15 the most direct and
easiest of all the gastro intestinal cytological procedures and as a result the most
accurate Only 2 false negatives and | false positive examination have been reported
in 50 proven cases of cancer of the oesophagus examined 1n our laboratory
Dysphagi1 the earliest symptom of carctnoma 1s the most common ndication
for the study Other indications are stricture secondary to chemcal burns peptic

fl logy of the ph 15

ulceration and chromc 1on Exfoliative
of value 1n cases of cardiospasm because of the d incidence of
Klayman (1955) 1n a routine examnation of a patient with cardrospasm detected
malignant cells ansing from a silent carcinoma mfiltrating the dilated wall of the
oesophagus  Sideropenic dysphagra (Plummer Vinson syndrome) 1s another
disease pred d to the devel of ¢ The licaty of the test
makes1itapplicableasaclinical procedure thereis no need for potentially dangerous
mstruments such as the mandnil sound (Cabre and Garcia 1954) or the oesophageal
bag (Lorber and Shay 1950) Routme yearly examinations of patients with oeso
phageal diseases are useful and highly desirable

Exfoliative cytology 1s of value in the study of patients with post surgical
recurrent carcinoma or with tumours at the cardio oesophageal junction an area
from which posstive biopsies are ot d with ity h 1 reasons such
as kyphosts an unco operative patient or a cuff of normal tissue projecting
above the lesion may render oesophagoscopy unsuccessful

Techmque

The patient usually requires no sedation or topical pharyngeal anaesthesia Break
fast 1s omittted but water 15 permutted up to 2 hours before the exarmnation 1f obstruc
tton 15 indicated by repeated vomtting or roentgen study restdual mucus food and
cellular debris are removed by gentle saline lavage This 1s rarely a problem except n
severe cardiospasm when large amounts of thick tenactous fluid may require removal
by vigorous Ewald aspiration Food barium and gelatinous exudate have been so
firmly adherent to the oesophageal wall that several days of a clear liquid dret with
daily aspirations have been necessary o cleanse the oesophagus completely A No 20
Levin tube 1s passed a distance of 45 centimetres the tp s then projecting into the
cardia of the stomach Often 1n the presence of discase reststance will be encountered
at a specific point m passage but usually the tube will advance rapidly to the cardia
If the narrowing 1s severe the tube may double on rtself and actually ascend the oesoph
agus 1f nserted farther Such situations are best managed therefore under fluoroscoptc
control Rotation of the entire tube by twistmg 1t at the gum margm will turn the
tip sufficiently and permut 1t to epgage the onfice of the stricture It 1s not absolutely
necessary to pass the stricture but the yield of malignant cells will be higher and the
absence of mahignant cells will be more valid 1f the entire mucosal surface of the lesion
has been irrigated With the catheter at a depth of 45 centimetres the patients asked to
swallow slowly approximately 100 mullilitres of Ringer s or normal saltne solution
at the same time gentle aspiration 1s applied with a 100-mullilitre syrninge A general
sampling of the entire oesophagus 15 thus obtamed Twenty to forty mullilitres of
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(@) cell of the h ) of the stomach
(c) reticulum cell sarcoma (d) atypical gastric columnar cells from a benign gastrie ulcer
(e) bland gastric cells from a case of untreated pernicious anaemia (f) adenocarcmoma
of the colon
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THE OESOPHAGUS

Runger s solution are then njected through the Levin tube and immediately aspirated
vigorously the volume of the return wilf vary but the collection of one half of the
volume of each wash is y The tube 1s withd n 5

segments and severa! washes are made at each level Mimimal narrowtng of the cesoph

agus may often be located by the sudden increase m the amount of fluid recovered
as an area of stasis diatation and impaired oesophageal peristalsis has been reached

The return volume can be increased by the Valsalva manoeuvre at the same time as the
saline solution 1s introduced Another method to be tried when considerable amounts
of wash escape into the stomach 1s to place the patient 1n a recumbent posttion with the
head elevated Manipulation of the tube often produces some gagging and retching

although of temporary discomfort to the patient these retropenstaltic contractions of
the oesophagus definutely increase and may matersal of

value from below the area of narrowing An oesophageal wash 1s usually completed
within 10 mnutes

Normal epithelial cells
The adult squamous epithelial cells of the oesophagus are sumular to those of
the mouth or utenne cervix These cells are large flat and many sided with
orangophilic cytoplasm the nucler are oval shaped centrally located shghtly
basophilic and contain finely granular chromatin Smaller round cells orginating
from the basal strata of the hel are seen less ly These cells are
not keratimzed they have a deep blue green cytoplasm and a relatively large
round hyperchromatic nucleus Pulmonary histiocytes  polymorphonuclear
and a few hocy tes lete the normal cytological picture A few
columnar epithelial cells from the cardia or from the mucus secreting glands of the
aesophagus are occasionally observed
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EXFOLIATIVE CYTOLOGY OF THE GASTRO INTESTINAL TRACT

Oesophageal cancer

Malignant cells (Plate I (a)) from the ocesophagus may take several forms
Epidermord cancers slough cells quite ssimilar generally to the mature prototype
however the malignant squamous cell 1s smaller Ths 1s the only exception so far
encountered 1n gastro intestinal mal where the mal cell ss not Jarger
than normal cells of the common epithelium The cytoplasm 1s frequently coarsely
vacuolated and vanes in colour from the basal green blue to the red orange of
well developed keratinized pearls The determiming factor of malignancy 1s the
nucleus which s dark and dense with a heavy thick rough and irregular nuulear
membrane best described as rat bitten  Alteration of the nuclear cytoplasmic
ratio may not be as outstanding as elsewhere 1n the digestive tract When the
nucleus becomes unusually large the heavy clumping and hyperchromatism are
less evident  Bird s eye cells are phagocytic cancer cells with a clear zone of
cytoplasm surrounding ingested particulate  Tadpole cells are tumour cells
consisting of large lobulated malignant nucle: enveloped by a thm zone of cyto
plasm tapenng off belund mn streamer fashion Basal cell carcinoma may be
dentified by morphologtcal sinulanities to cells previously descnibed Frequently
the exact type of cell present cannot be identified precisely and can be classtfied
only as undifferentiated or lastic  Ad of the ph 15
uncommon but has been diagnosed several tmes These cells resemble adeno
carcinomn cells of the stomach the cytoplasm s vacuolated and may contain
secretory droplets of muein These tumours are difficult to diagnose since they
tend to extend submucosally with very hitle penetration of the squamous epithe
Ium  hence not many cells exfoliate In one instance adenocarcinoma cells were
dentified pre operatively although the pathologist was unable to demonstrate the
mucosaf break through of submucosal tumour with serial sections (Raskin 956}

A case of fibre cell carcinoma of the h has been ed the
exfoliated cell 1s Iong and narrow with a hyperchromatic centrally placed nucleus
Mal it of the ph: also 3} a cf 1stically

recognizable cell

Oesophagitis

There 15 one hazard 1n the nterpretation of oesophageal cells Johnson et al
(1955) and others who have studied the oesophagus extensnvely report the
occasional unavoidable misinterpretation of cells assoctated with inflammation as
mahgnant These perplexing cells have been seen m peptic ulcer of the oesophagus
and 1n oesophagitis with and without leucoplakia Fortunately relauvely few
cases of oesophagitis shed such cells many of which are too large to be sqguamous
cancer cells Some approxmmate to small keratinized cells 1n size while others prob
ably are giant tissue macrophages and yet other cells anse perhaps from mataplastic
ocesophageal glands Morcover these cells are few in number compared to the
usually dant e of typical mal appearing cells from carcinoma
These difficult cases are best managed by withholding 2 final report until after a
peniod of appropnate therapy for oesophagitis Subsequent examimations will m
all likelihood no longer demonstrate abnormal cells

Numerous giant squamous epithelial cells with relatively unchanged nuclear
cytoplasmic ratios have been noted in untreated permcious anaemia (Graham
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THE STOMACH

and Rheault 1954) These macrocytic cells are truly spectacular several are
capable of covering the entire field of the high power objective The cytoplasm and
nuclearplasm are bland 1n appearance as 1if the normal quota of cell substance had
been spread thin to fill an d cell volume O lly plt

and less commonly heavy nuclear clumping are featured These abnormal cells
rapudly disappear within a few days after the admmustration of vitammn B, or
folic 2id Rubin (1956) has reported several cases of squamous macrocytosts 1n
fohic acd deficiencies of nutrition and pregnancy Gardner (1956) has noted stmilar
cells 1n tropical sprue

THE STOMACH

Special apparatus

Exfoliative cytological studies of the stomach comprise 70 per cent of all gastro
mtestinal examinations at the Gastro intestinal Exfoliative Cytology Laboratory
of the Unnversity of Chuicago The indications are abrormalities demonstrable by
roentgen studies or gastroscopy unexplamned gastro intestinal bleeding permcious
anaemua recurrence of tumour following resection and a clinical suspicson of
gastric cancer 1n the absence of any definite evadence The techmique of obtaming
gastric cells has passed through various stages Speciahized apparatus using abrasive
balloons (Panico et al 1950) and retractable rotatory brushes (Ayre and Oren
1953) have been only partially successful Experience with these mstruments m
a small number of patients 1nd that the were definitely un
comfortable furthermore the cellular matenial was in no way superior to stmple
lavage Sheets of tissue several cell layers thick were n fact found more difficult
to evaluate than individual cells The balloon may not scrape a small lesion as
only a Jimited amount of the collapsed wall of the stomach can possibly be abraded
by the roughened dilated balloon as it 1s pulled back and forth over the gastric
mucosa Rossman and Wolf (1956) recently reported the accidental tearing of
gastric mucosa with the Ayre brush on several occasions a small knuckle of mucosa
caught 1 the telescoping brush was avulsed Since the over all accuracy does not
compare with the simple lavage technique and the services of a physician are re
quired abrastve methods have definite lmitations and disadvantages

Enzymes
Mucolytic agents such as papain and chymotrypsin have been used to remove
the protective coat of mucus the underlying mucosa from the irngating

flud Papain as advocated by Rosenthal and Traut (1951) produced satisfactory
exfoliation m some cases but 1ts action was unpredictable smce columnar cells
were owcasionally digested together with mucus Considerable experience has been
accumulated m this laboratory with the use of chymotrypsin There 1s no scienttfic
proof of mucolytic action at pH 5 5 w1 vivo The stimulating studies by Rubin and
Bendutt (1955) and by Kiayman et al (1955b) with chymotrypsin probably reflect
the meticulous care and skill of these investigators 1 obtaming and terpreting
the matenial more so than the use of a mucolytic agent Undoubtedly 11 time
more productive methods of promoting cellular exfoliation will be developed but
untﬂ[ then the simple lavage appears to be the most effective technique for gastric
cytology
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Techmgue

In the presence of pyloric obstruction the stomach 1s lavaged with an Ewald tube the
nught before exarmination Less than 10 per cent of patients have retention but complete
emptying of the stomach 1s an absolute prerequisite to a successful test The patient
fasts for 8 hours A No 18 Levin rubber or plastic tube 1s passed through the mouth to
the 60-centimetre mark The overmight gastric residual is placed in a 50 millilitre
chilled tube Th his then barb: d with 300~500 mull
of Ringer s or normal salme solution vigorous lavage of the stomach 1s highly essenttal
The contents are aspirated repeatedly and re mjected with a small amount of arr to
promote the greatest amount of turbulence in the stomach The position of the tube 15
constantly raised and lowered so that the force of the flurd being ejected will be disst
pated over the entire surface of the stomach The pattent lies recumbent for part of the
procedure so that the flud may reach the cardia The irmigating flud 15 aspirated after
approximately 4-5 minutes of Javage This materal 15 tmmediately centrifuged and
smeared The purpose of the wash 1s prmanly to remove protective strands of mucus
and to weaken the surface cells of the tumour Five hundred mihiires of sodwm
acetate solution buffered to pH 55 are then instilled nto the stomach The buffered
acetate reduces gastric acidity and preserves cell morphology The patient les for 2
munutes on his back and then rotates 90 degrees every 2 minutes The techmician or the
pattent himself massages the upper abdomen during thys mterval In a thin person the
fluid can be felt splashing about there 1s no discomfort After 8 mmutes the patient
stts up and the fluid 1s aspirated Quute often 450 of the origmal 500 mullilitres can be
recovered During the summer or if the patient 1s dehydrated 2 glasses of water may
be permitted one hour before the examination to prevent raptd emptymg of the stomach
during the acetate lavage When the lavage fluid 1s difficult to Jocate 1t 1s most likely
trapped temporanly in the stomach by gastric contractions By introducing 50 cubic
centrmetres of air through the tube the mucosa can be blown away from the tip
allowing the water to seek the more dependent portions of the stomach Saltva should
not be swatlowed since this adds unnecessary matenial to the gastric wash The patient
should be encouraged to retain the tube 1n the corner of the mouth to avoid excessive
gagging and salivation Since it 1s impossible for a pattent with a gastro-enterostomy or
sub-total resection to retain all the flud for 8 minutes he 1s allowed to remain on his
back and left srde and the volume of the lavage 1s reduced

Gastnic cytology

The h 15 undoubtedly the most sp lar of all organs of the digestive
tract 1n ats ability to exfoliate varied types of cells Normal gastric columnar cells
are rectangular n shape with a faintly basophilic cytoplasm which may be vaculo
lated and often mdistinct The nucleus 1s unipolar when the cell s viewed from the
stde and centrally located when viewed end on The nuclearplasm s finely granular
and may contain several small chromatin condensations Body and chuef cells are
not recogmizable 1n over 1 000 h d by 1 cytology parnetal
cells have been noted on only two occasions apparently there 1s little exfoliation
from the epithelium of the deeper portion of the glands 1 normal stomachs
Goblet cells columnar cells with nuclet pushed to one side by a large mass of
cytoplasmic mucin are not common they are encountered most frequenty m
atrophy or intestinalizatton of the gastic mucosa  Other commonly observed
cells are normal squamous epithelral cells from the mouth and the oesophagus and
hustocytes from the Jung The latter cells are not troublesome diagnostically 1f
dust particles are noted 1n the foamy cytoplasm The eccentrically placed nucleus
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ads dentificatton m addition these cells are often found trapped m fong strands
of mucus Many leucocytes and fewer Iymphocytes are seen Clincal sigmeficance
cannot be attached to the relatine numbers of these mononuclears but a marked
wnerease mn normal lymphocytes may suggest the possibility of lymphoma

Malignant cells

Adenocarcinoma cefls (Plate 1 (5) ) 1ake many shapes and forms but always scem
to resemble one another 1n each spectfic case The cells are always larger than
normal columnar cells a four fold rcrease m sxze 13 noted octaswnal}) Each
malignant cell does not have all the hol d earler
but the study of many cells will satisfy most of the requirements such as hyper
chromatism changes in nuclear membrane sacuohzation 2ndsoon Onnumerous
occasions a3 most peculiar feature of gastric tumour exfoliation has been noted
Quite often large old tumours both fungating and mfiltratane yreld a surpnsingly
smalt sumber of mahgnant c:lls V\halc smll relatively )ounc tumours exfoliate

‘There 15 no for thus p other than
the supposition that older 1umcurs continually bathed b) the gastnic jwices are
denuded of fnable surface cells and the more resitant core remans Smaller
tumours are prolferating rapidly and thus shed cells easily mereasing the possibity
of obiaming malignant cells 1 early gastric cancers Seybolt et al (1951) have
made stmilar obserations

Lymphoma

Gastric cytology 1s an excellent method of detecting 1ymphosarcoma of 1he
stomach Klayman et a} (1955a) have recorvered Iymphoblasts 1n 4 of 6 cases of
gastrie [ymphosarcoma  Even though lhcre |s frzquemly am increase i the number
of normal ymp! the & cannot be made without
wdentifying the lymphobhst While larger lhan a lymphocite a Ivmphoblast 1s
yet smaller than an adenocarcmnoma cell and bemg rather scarce they may be
completely overlooded A thim ¢rescent of pale blue cytoplasm surrounding 2
round deeply basophrlic nucleus with heavy chromann pariicles characteryzes the
cel}

Reticutum-cell sarcoma cells (Plate 1(c)) are quite similar m general appearance
10 the )ymphoblasi m fatl therets good evidence that these are the stem ccHs for
wany of the O between il 1l and
lymphoblast can be made by mmmal dxﬂ'rrtnc:s that 35 1be reticulum celt b
farger has coarser nuclear cdumping and 1s more actdopheiic The multt nucl
giant cell of the Dorothy Reed type has been recovered by several msestgators
from Hodghins fesions of the stomach On two occasions the authors have
recovered benign gant cells with 10 or more nucle; from chronte antral uicers
1 both instances an unusval granulomatous gastnus with mult nueleated pant
cells 1 the ulcer base was demonstrated histologically

Atypia
Between the extremes of definitely bemgn cells and uneq at
malignant ones lies a ventable panorama of abnormal and atypical cells It has
been a parastaking at tumes frurtless endeavour to determine the hustological
pomt of onigin of the active or atypical cells found in gastric favages when spect
85




EXFOLIATIVE CYTOLOGY OF THE GASTRO INTESTINAL TRACT

mens have become available through biopsy or surgery Healing gastnc ulcers
have been the most consistent source of these cells Not all benign healing ulcers
shed such cells but a sufficient number of cases have been encountered to make
this phenomenon a definite entity n gastric cytology The morphology of these
cells vanes from simple enlargement of the total cell with mmimal ncrease n
nuclear clumping to cells (usually few 1n number) with many features of malignancy
(Plate I (d)) Pracucally every cytologist who has studied stomach exfoliation
extensnely has at some time musinterpreted such tells With expenence such
errors should become 1 Tn some direct scraping of
the ulcer base or edge yields cells simlar to those seen in the wash haematoxylin
and eosin stained tissue sections also have comparable cells It must be conceded
that abnormal cells may onginate from areas of gastriuis often situated at some
distance from the wlceration These bizarre cells disappear on healing of the
chronic ulcer (or gastnitis) acute ulcerations do not exfohate such perplexing cells

The most logical explanation seems to be that the epithelium attempting to cover
the raw exposed area as rapidly as posstble sends out streams of immature atypical
cells often only one cell Jayer thick The implication of this obseryation requires
serious thought Does carcinoma ever anse from bemign ulcers and are these
cells the forebears of the more misguided mahgnant ones? Morson s observation

(1955) of intestinal metaplasia associated with benign and malignant conditions
from a pathological viewpont 1 1 !

p the cy

Other conditions occasionally associated with cellular atypra are unexplained
cyche vomiting  hypertrophic gastritis promunent rugal folds and achlorhydria
In a small series of cases the correlation between radiology gastroscopy gastric
analysis and bropsy (usually the Wood tube) has not been very mformative The
abnormal cells d; with clinical improvement m many cases which makes
some of the complamts of the patients appear less functtonal

Permictous anaenma

The gastric cytological changes associated with pernicious anaerua are of
particular nterest The stomach has long been imphicated in the aetiology of this
disease Two types of cells are desquamated by the atrophic mucosa Untreated
patients and those 1n haematological relapse shed the bland P A cell abuadantly
This cellular stigmata of the disease can be found i the gastric wash of all pattents
1n remission  but may be few 1n number The diagnostic cell (Plate I (e) ) 1s at least
three times larger than the average normal columnar cell The cytoplasm and
nuclear materal are bland and delicate 1 appearance The nucleus often has a
charactenstic longitudinal crease The cell designated the active PA cell s
smaller than the bland type and has many malignant features Caution should be
exercised 1n diagnosing cancer in untreated permcious anaemia particularly 1f
only a few bizarre cells are observed They may disappear after adequate therapy
Massey and Klayman (1955) found an occasional Jarge bland columnar cell
some patients with simple achlorhydna gastric atrophy and carcizomt of the
stomach

Roentgen changes
An interesting change also occurs m the cellular exfoliate of patients recetving
small amounts of x ray to the gastric fundus for the treatment of peptic ulcer
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Progressive increase 1n cell size and nuclear alterations develop soon after the
tenth day of therapy and persist for 6 weeks The cytoplasm becomes clumped
and vacuolated the nucleus may become pyknotic and hyperchromatic or it
may increase 10 size with enlargement of nucleoh and chromatin granules The
findings may suggest malignancy but careful scanning of the entire shde reveals
that (1) the cytoplasmic nuclear ratio remains unchanged and (2) practically
all the exfolated cells are similarly affected whereas 1n carcmoma the cellular
collection 1s a mixture of normal and abnormal cells

THE PANCREAS BILE DUCTS AND DUODENUM

The diagnosis of cancer of the pancreas 1s one of the most challenging of
& it \p Early with exfol cytology 1 this
area was not encouraging Not only was mtubation a difficult and unpredictable
procedure for both the patient and the physician but errors of interpretation were
frequent Lemon and Byrnes (1949) and McNeer and Ewing (1949) reported small
series of carcinomas of the biliary tract correctly diagnosed by the cytological
study of duadenal drammage Mackenzie and Miller (1949) recovered malignant

cells from a rare primary d while Gold et al (1953)
reported a case of primary of the duod d d by
cytology

The avatlabiity of a safe and stable pancreatic stimulant secretin and the
development of a raptd means of duodenal intub mthislab y d
further d efforts the of the tech and the

accuracy of diagnosts

The 60 per cent over all accuracy of correct diagnoses 1n proven cases of pan
creatic bile duct gall bladder and primary duodenal carcinoma does not com
pare with other regions but seems to be the best non surgical method of diagnosing
primary mahgnancy in this segment of the dgestive tract When the volume of

secretion foll 1s small | cells may not be

found as this usually indicates blockage of the ducts and
force of flow to wash out the cancer cells A tumour ansing tn the mid portion of
the gland may progress and occlude the pancreatic ducts completely a long time
‘before pancreatic wsufficiency retropentoneal pam or metastases produce the
first symptoms of disease On the other hand jaundice 15 a farrly early symptom of
cancer of the head of the pancreas and the ducts often remain partially patent 1n
many cases at the time of intabation as bile 15 present in the drainage Cytological
studies are almost always positive when the pancreatic tumour has penetrated the
wall of the duodenum Exfoliative cytology thearetically should be an ideal method
of diagnosis of cancer of the ampulla On several occastons mahignant cells have
been recovered from pancreatic dramage and duodenal washes which proved at
surgery to originate 1n sites other than the pancreas The important function of
cytology 1s merely to demonstrate the presence or absence of cancer statistically
most of the cancers n this area of the digestive tract are pancreatic in ongin
Adenocaremomas of the gall bladder and common bile ducts and an anaplastic
primary tumour of the first part of the duodenum have exfoliated cells sufficient
for a correct pre operative diagnosis of cancer
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Techmque

A double lumen Diamond tube 1s used the duodenal portron extends 6 inches
beyond the gastric opentngs and has a small metal ofive at 1ts terminal end  Separate
dratnage of the stomach and duodenal contents 1s obtamed to prevent contamination of
the duodenal aspirate by gastric juice and saliva The volume of duodenal jutce and its
bicarbonate content are mcasured for 30 munutes following admunistration of mtra
venous secretin

A rapid method of intubation

The patient 15 fasted and 1s given 160 miligrams of pentobarbitone sodium intra
muscularly 30 minutes before intubation The Diamond tube 15 passed through the
mouth until the 45centimetre mark 1s reached the patient then lies on his left side on a
Tow bench The head of the bench 1s raised on 18 inch blocks The pattent then slowly
swallows 12 centrmetres (5 inches) of tubing This manocuvre permits the metal olne
and excess tubing to lie along the greater curvature of the body and fundus The patient
then places his feet on the floor and while 1n a sitting position bends forward as far as
possible and takes several deep breaths This position enables the antertor wall of the
stomach to separate from the postertor wall and the metal olive to pass mto the antrum
The patient then lies on his night side his feet are now elevated 18 mches He lies for
5 muinutes 1n the Trendelenburg position on the right side and then for § mimutes on his
back The position of the tube 1s checked fluoroscoprcally If the procedure has been
performed correctly the metal bucket will be at the junction of the second and third
portions of the duodenum The table 15 then placed 1 a horizontal position The
stomach and duodenal tubes are connected to a suction pump and to a trap for collec
tion of duodenal yuice After several mimnutes the turbid duodenal fluid clears mtra
venous secretin 1s gnen w a dose of 1 unit per kilogram The pancreatic flow which
may normally exceed 100 millilitres 1s collected for 30 minutes The sediment 1s utilized
for cytological study and the supernatant flurd for chemical analysts Patients who are
Jaundiced are given mhalations of amy! nitrite to increase secretion The duodenum 15
then lavaged with saline solution 1 an effort to collect tumour cells from the mucosal
surface The tip of the tube Is then retracted into the stomach and any flnd present 15
collected for cytological examination The stomnach s lavaged with saltne solution
because tumours of the body of the pancreas occastonally mvade the postertor wall of
the stomach by dtrect The often requires approxi
mately 2 hours and 1s performed entirely by cyto technicians

The only cells recovered from a normal 1c d are coll cells
from the duodenal mucosa resembling those of the gastric mucosa During the
height of pancreatic secretion the pH often reaches 8 0 which 1s sufficiently alkaline
to produce fragmentation and pyknosis of cells A normal pancreas apparently
does not exfoliate a recognizable cell The average positive drainage contains but
a few malignant cells so that all atypical cells must be carefully scrutmized Some
of the cells appear typically adenocarcmomatous others may be metaplastic and
partially resemble squamous carcinoma

In several pattents examined by the method described and 1n whom malignant
cells were found the surgeon was unable to confirm the diagnosis the surgical
opinton or biopsy report was usually nterpreted as chronic pancreatitis but the
subsequent clinical course or autopsy confirmed the diagnosis of cancer of the
pancreas In spite of such dramatic cases the majority of biliary and pancreatic

have been ble at the time of diagnosss because of metastases
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THE COLON

The chief obstacle to satisfactory colonic cytology 1s the difficulty in cleansing the
colon adequately Cancers of the colon readily exfoliate cells easily 1dentified as
malignant but the absence of faeces and barium 15 an absolute prerequisite to a
successful test Colonic cytology has a very definute role 1n gastro enterclogy but
offers no advantage for tumours withm reach of the biopsy forceps Roentgenolo
gists are lughly accurate m the iterpretation of colomtc lestons but surgeons have
found cytological study to be a valuable confirmative pre operative procedure
Exfolative cytology has been even more useful 1n panients with complaiats sugges
tive of carcinoma but with normal rad hic and p e 10n;
malignant cells have been recovered 1n a few instances Repeat roentgenograms of
the colon have then demonstrated a small lesion which was previously overlooked
Other ndications for exfohative study of the colon include narrowed segments
of bowel secondary to diverticulitis extrinsic masses or post surgical strictures

recurrent and melena E: of cells 15 more prolific
from caecal and ascending colon neoplasms as these are polypoid and fungating
Jesions whle those of the ding colon are and Accuracy

in the diagnosss of cancer of the colon regardless of site iutially approxumated
60 per cent but as better methods of colon preparation were developed the rate
has mcreased so that presently 9 of every 10 carcinomas should be detected as
reported 1n the studies of colonic cancer by Bader and Papanicolaou (1952) and
Galambos and Klayman (1955)

Technique

The procedure of cleansing the bowel 1s varied in the presence of partial large bowel
obstruction When no obstruction 1s present the patients are given orally a cathartic
dose of phosphate salts the evening prior to the test The pattent ts placed on a hquid
dict 18 hours before the examination On the morning of the colonic wash he 1s given
aseries of normat sal until the returns ai free of faeces and banum
To accomplish this the foot of the bed 1s raised on wooden blocks and the patient
bes on s left side with the feet elevated In this posttion the enema fluid will run
downhill to the transverse colon will not collect in the rectal ampulla and hence may
be given slowly without cramping The patient then fies on his back and then on the
night side permitting the cleansing fluid to reach the caecum After 10 munutes the
enema 15 expelled On the average 5 enemas of 2 500-3 000 mulliitres will completely
cleanse the colon Much more difficulty 15 encountered 1n preparing the bowel 1n the
presence of marked obstruction or ulcerattve coliis Tn the former there 15 usually
dilatron of the colon with faecal impaction above the lesions and 1n such cases cathartics
orally are contra indicated In ulcerative colitis faeces seem to adhere to the bowel
and are removed only with difficulty furthermore patients cannot retam a large volume
of fluid because of reduced calibre of the colon

To circumvent these problems the patient 1s placed on a Irquid diet and given phos
phate enemas and enemas of 1sotonic saline sofution daily for several days 1f necessary
Nevertheless patients occasionally cannot be cleaned completely because of the large
quantity of stool above the lesion contnually trickling down past the obstruction
most of these strictures are on the Jeft side and malignant cells may be recovered
frequently as only the left colon requires lavage

The actual colonic wash 15 relatively simple The proctoscopic table 1 lowered a
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standard proctoscope 1s introduced as far as possible without difficulty and an Ewald
tube 15 passed through the proctoscope the latter 1s then removed One thousand
cubic centimetres of normal saline are ntroduced 1nto the rectosigmord through the
Ewald tube The flurd runs downward to the transverse colon The table 1s then raised
to the horizontal position and readjusted to create a level surface The patient then
Ties on hus right stde and the flind passes to the hepatic flexure when he hies on his back
the solution reaches the caecum The tube 1s unclamped and the enema fluid recorered
and filtered through 2 tea strainer The night side of the colon 1s higher than the poster
torly directed rectum enabling the enema fluid to drain 1n a few mmutes A second
1dentical wash 1s then performed  there s less sediment and cells are more abundant
Left sided lestons can be lavaged quite quickly by raising and lowering the table so as
to shift the flurd about the descending colon

Colonic cytology

Smalt of h lobin 1n the sed are oflen as colonie
cancers readily ooze blood The typical malignant cell resembles other adeno
carcinoma cells but the red nucleol are more promunent (Plate I(f)) The normal
epithelium of the colon 1s composed of a relatvely consistent type of simple
columnar cell as 1t functions mamly to absorb water and to concentrate faeces
mucus goblet cells are sometimes noted Compared to the complicated mucosa of
the stomach there are no atypical or intermediate type cells except 1 ulceratne
colitis Therefore with the exception of ulceratrve colitis the presence of abnormal
cells often indicates carcinoma Hyperplastic polyps including adenoma mahignum
rarely exfoliate an abnormal cell The studies m the hterature describmg abnormal
cells 1n considerable numbers (particularly 1n ulceratne cohitis) have utilized
abrastve balloons or scrapers and 1n a strict sense thus 1s not exfoliative cytology
but more accurately a modified bropsy

Ulcerative coliis

The cytologist must be aware of the hazards of diagnosing carcinoma i ulcerative:
colitts Boddington and Truelove (1956) and Galambos et al (1956) hase each
studied this problem i 31 patients with ulceratne cohtis Thus 15 the only disease
of the bowel to our knowledge which can mimic carcinoma Other mflammatory
conditions such as dwerticultis and post urradiation coltis have not exfoliated
simular ceflls The examination of numerous patients with uicerative colitis m
various phases of activity indicates a consistent correlation between this phenom
enon and the healing phase of the disease The atypra disappears or decreases
when the disease subsides The cells are probably tissue macrophages and altered
cells onginating 1n the crypts of Lieberkuhn Therefore scrapings of the mucosa
yield abnormal cells 1 greater quantity than sumple lavage The cells range from
Jarge bland types simular in many respects to the bland P A cell of the stomach
to distinctly mahgnant appeanng cells Experience with this problem to date 1s
funited but the safest policy to pursue in difficult cases seems to be as follows
If the cells which appear malignant are few mn number and are associated with
cells mamifesting lesser degrees of abnormality then one 1s most likely dealing with
a regenerating mucosa On the other hand 1f malignant appearing cells are
numerous and there are no dimumshing degrees of metaplasia and if many of the
nucler contain red nucleol: then a carcinoma should be strongly suspected The
absence of red nucleol should not be an excludmg factor but their presence 15

90



BIBLIOGRAPHY AND REFERENCES

ominous Truelove (1956) has noted conspicuous red nucleolt 1n ulcerative colitts
but his matenial has been obtained by rectal scrapings
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CHAPTER 6
CARCINOID TUMOURS

1 CLINICAL ASPECTS
JAN WALDENSTROM

INTRODUCTION

THE clinical picture charactenistic of the special type of intestinal tumour that has
been called argentaffinoma or carcinoid has been worked out slowly by a number
of authors It had been already established that the cells constituting such tumours
are ar, and ct fine and 1t was th d that they were
derived from cells with these staming properties which are found in the normal
itestinal wall Ths cell type the Kultschitzky cell has been studted especially
1 man by the German pathologists Feyrter and Hamper! Masson and Berger
(1923) had regarded them as forming a neurocrine organ and Feyrter (1953) gave
them the name paracrine cells and descnibed their normal occurrence In great
detatl The emnent Italian pharmacologist Erspamer (1954) investigated the same
cell organ from a pharmacological potnt of view He conceived the rdea of studying
lower ammals such as the octopus and the discoglossus where these cells are
collected as separate organs and was thus able to extract a substance with marked
pharmacological effects which he called enteramine Erspamer also gave the name
enterochromaffine organ to the cells that produce enteramine and show chromaf
finity (and argentaffimty) The chemical constitution was shown to be 5 hydroxy
tryptamine and this substance has finally been synthesized

Until some years ago these tumours were regarded only as rare curiosities and
1t was commonly stated that a spectfic diagnosis could not be made before opera
tion Investigations over the last 3 years have changed this picturc completely
we now know that carcinoid tumours with massive metastases may be the cause
of a very typical but polysymptomatic syndrome of speaal tnterest to the
gastroenterologist the cardiologist the dermatologist the allergist and also the
nutritionist

CLINICAL PICTURE

Attacks
The clincal syndrome 1s most readily d d from the p of

p m the skin there is a chronic cyanosss of the face with dilated
vessels resembling the facies of polycythaemia In other rarer tnstances there are
characteristic flushung spells which always start 1n the face and may then spread
over the trunk and extremities The colour 1s often bright red but changes to pink
and salmon red often occur quickly leaving blue lakes and white normal skin
between them Coloured photographs of the flush (Plate II) were onigmnally con
tamed 1 the paper by Waldenstrom and Ljungberg (1955) The pattern fluctuates
until the flush begins to fade first on the face and then on the body A short flush
may last for only a few minutes flushes of longer than 10 minutes are rare One
patient counted 24 flushes during 1 day but usually therc are only 5-10 A severe
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PLATE I

Functional circulatory influence from metastasizing carcinoid tumours
(By courtesy of the Editor of Acta Medica Scandmavica )
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CARDIOLOGICAL PROBLEMS

flush 1s d by pal. and marked tachycard a systolic
murmur 1s beard over the heart during the maximal flush Borborygmus 1s often
marked and the patient may experience colic and diarrhoea as signs of hyper
penstalsis connected with a flush Psychic influences such as ward rounds may
elicit a flush and these are regularly induced when the patient stands up Several
patients have thesr severest flush in the morming when the bowels are opened
others experience dyspnoea resembling asthma durning a severe flush and several
have been treated as asthmatics

These flushes tend to become more chronic as the disease progresses The
facial hyperaemia may sometimes be marked, and some patients extubit localized
venectasies that have been called angioma planum (Portsma 1927) We have seen
these phenomena in several of our patients

It 15 evident that the flushes are accompanzed by very remarkable changes i the
haemodynamcs of these patients These phenomena have been studied especially
by Thorson and the present author 1s quoting from the results of these studies
Perhaps the most interesting objective change m the circulation 1s the occurrence
of a completely different pattern of ballistocardiogram as soon as the flush starts
the mterpretation of such curves has always been regarded as difficult In these
cases howeser the differences caused by external conditions may be reduced to a
mimmum as the same patient 1s always studied when lying still on the same table
the only real change occurring nside the patient s own body Thorson 1s very
cautious with the interpretations of his curves but 1t 15 obvious that the whole
arculation and not only the blood vessels in the skin chanpe dunng a flush
Thorson s observation dunng, a Japarotomy m one patient confirmed that the
penitoneal surface also shows flushing He studied 1n detal the varation in blood
pressure heart murmurs and heart size radiologically and it 1s now established that
a great many changes m the circulation accompany each flush Cardiac catheteniza
tion was performed on one patient during a flush and 1t was found that the pressure
m the pulmonary vessels increased markedly—a well known fact m animal expen
ments where 1t has been shown that one of the effects of serotonine 1s to mcrease
the intra artenial pressure 1n the lungs

CARDIOLOGICAL PROBLEMS

The very interesting vaivular heart disease found 1n cases with carcinoidosis has
been described several times 1n single cases without even causing speculations
regarding a causal connexion Observations by Cassidy (1933) where the patho
logist made the diagnosis caremoma by Scholte (1931) who saw the hyperaemia
of the skin the intestinal tumour and the hears disease and by Millman (1943)
who described the whole syndrome but stated explicitly that the patient suffered

from two enbirely unrelated condions  are quite Mustrauve It 1s remarkable
that these early cases should have escaped the notice of later authors untl Isler
and Hedinger (1953) from the Pathological Institute 1n Zurch published three
mstances of widespread carcinoid tumours and night sided valvular heart disease
At the same time Biorck et al (1952) observed one case w;(h unusual cyanosis
pul ry stenosis and d tumour and d another case with the

( y stenosis and ) from Malmo Wal
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and Lyjungberg (1953) at the same time had analysed two cases with typical flushes
and carcinoidosts Durtng the following year the whole syndrome was worked out
and 1ts dependence on excessive formation of 5 hydroxytryptamne (5 HT) was
made probable by the work of Pernow and Waldenstrom (1954) who demonstrated
the presence of increased amounts of this substince 1a the blood from 2 patients
Since these publications a large number of new observations have been made so
that the total number of cases showing the complete syndrome with valvular heart
disease or flushing or both now exceeds 40 20 coming from Sweden alone
Regarding the localization of the valvular heart defects in these different patients
[ am quoting from the work of Thorson

Twenty two patients with valvular symptoms and carcinoidosts have been
examined at autopsy In 1 case the tricuspid valve alone was found to be affected
1n 4 the pulmonary was the only localization 1n 11 the tricuspid and the pulmonary
1n 2 the tricuspid the pulmonary and the mutral valves and in 4 the valves of all
the 4 ostia were pathologically changed

The valves usually show thickening and retraction sometimes even fusion of the
valvular cusps and thickening of the chordae tend It 15 also quite to
find sclerotic th of the mural end d gving it a cartil appear
ance The changes are clearly illustrated 1n Figs 29 and 30 Jt 1s clear that both
stenosis and incompetence rught result from these changes The microscopical
picture shows enormous increase 1n fibrous tissue with scattered fibroblasts
Hedinger and Gloor (1954) pointed out that maximal increase 1n fibrous tissue was
also observed in the pelvis 1n one of their cases as in the case reported by Cassidy
{1930) The possibility that hydroxytryptamimne mght stimulate the formation of
fibrous tissue must be borne 1n mind Surgeons are well aware of the fact that
carcinord tumours are often surrounded by fibrous adhesions

Thorson favours the hypothesis that the contuous pressure changes are the
cause of the rnight sided valvular and endocardial thickeming m the heart It s
1mpossible to prove this theory but it 1s at least an interesting potnt A case has
been observed of 2 female with marked flushings and a carcinoidoss that was
proved at operation duning the first period of observation there were no signs of
valvular heart disease The heart roentgenogram was normal and only a faint
systolic murmur was heard at the base or r d on the ph diogram
During an observation period of about 2 years defintte signs of pulmonary valvular
disease appeared and a loud systolic murmur could now be heard over the base
The diagnosts of pulmonary valvular heart disease was confirmed at necropsy an
observation which seems to prove that the heart disease 1 secondary to the tumour
and the flushing

The question arnses as to whether there are any other simular processes known in
cardiology Waldenstrom and Ljungberg (1955) have already discussed two very
One s the fibro-elast that 1s p My found
only tn small children nearly always localized to the left side of the heart and some
tsmes of familial incidence This malady might be caused by an increased production of
5 HT in the mother s organtsm The substance would then exert its influence on the
active left side of the child s heart and the malady thus be explained n the same way as
the endocardial process m Some data however are not in agreement
with such an assumption
It has been shown that one twin may suffer from this type of heart disease whereas
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Fic 30 —Tnicuspid valves thickened
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the other 15 free The humoral influence from the mother should be the same i both
twms It 15 naturally also possible that these chuldren have an excess production of
5HT in therr own bodies from congenital carcmouds or from hypertrophy of the
5 HT producing intestinal cells This problem should be mvestigated more closely
with anatomucal studies of the alimentary tract

Of still greater nterest 1s the curious disease endomyocardial fibro-elastosss which
oceurs 1n African Negroes and also 1n a few whites who have resided for a long time n
Africa Its pathogenesis 1s completely obscure and 1t does not scem possible as yet to
find any plausible explanation Possible dietary mfluences may change the metabolism
of tryptophan and 5 HT 1n such 2 way that there 15 a concentratron of the latter

Onver prod! of an end bolite having a strong pharmacological
action seems of real importance in the genesis of valvular heart disease espectally
with congenital abnormality

Metabolic problems

Like most problems in internal med d Is d ly a
metabolic one It 1s nteresting to see how the results of different biochemical
investigations from all fields of biology may sometimes be applied to practical
clinical questions as soon as our bits of knowledge find therr place tn the jigsaw
puzzle The earlier pharmacological analysts of 5 HT activity at once explained the
clinteal findings 1n carcinotdosis Then the enzymatic studies on the degradation of
tryptophan to 5 HT and the breakdown of this substance with the formation of
5 hydroxyindol acetic actd (5 HIAA) could diately be appliedt d
Udenfriend et al (19552 and b) were able to extend the findmgs of 5 HT in the
blood from patients with carcinotdosis (Pernow and Waldenstrom 1954) by
d ing its known bolite 5 HIAA m large amounts m the urine from
1 patient with this disease These results have been amply confirmed and the last
paper by Pernow and Waldenstrom (1956a and b) contains chemical and pharma
cological analyses from over 30 Swedish cases with carcinoid tumours The materral
was divided 1nto 2 groups (g) those patients where the operation on the tumour
had probably been radical—among 11 such patients the amount of 5 HIAA found
1n the unine was usually normal or perhaps shghtly elevated (b) the 23 cases where
1t 1s known that extensne masses of carcinoid tumour tissue are still present in the
abdomen In most of these not only 1s the content of 5 HT 1n the blood very
markedly augmented but there 1s also found a rarsed excretion of 5 HIAA m the
urme Hanson and Serin have been able to follow the daily 24 hour output of
§ HIAA 1n 3 of our patients during their stay in the hospital Marked fluctuatrons
were found but the values were always pathologically increased The diagnostic
importance of this method 1s thus very great A postiive find has always been cor
roborated by operation and hstological examination There are however a few
histologically typical cases where the 5 HIAA values were normal

1t may be approprate now to on the ch 1 di P
The unine from patients with carcinoidosis 1s usually of normal colour but may
become quite red on standing This problem 1s at present being studied by Hanson
who has pointed out that some indole substances are apt to form red compounds
in urnine probably by polymenzation The well known urorosein reaction 1s
yndeed caused by indole acetic acid In 1 patient the red colour of the unine
and the abdominal colics gave nse to a tentative diagnosts of acute porphyria
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unul the absence of porphoblinogen showed that this was erroncous Wath the
addition of Ehrhich s so-calfed srobthinogen reagent—thatas paradimethylamino
benzaldehyde m hydrochlonc acid—the colour of the muxture changes 1o a
dirty blue after some time or quickly on boding i the presence of 5 HIAA 18
large amounts This method may also be calculated as serm quantuative For a
{uller dascussion on this sufyect the reader 15 referred to Chapter 6 11 by Pesnow

By the md of tracer stusdies 3t has been established that tryptophas is oudized
to oxyiryptophan by a specsal owdase A decarboxylase changes ovytryptophan
to S HT and this 15 de aminszed to § HIAA 1t1s masatamned by Udenfniend et al
{19552 and b) that the decarboxylase necessary for the formation of § HT s highly
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speatfic ¥t 15 tntubsted by ssomazid and needs pynidoxin and magnestum as co
factors Thus enzyme 15 present 15 kidneys The nterest in these substances has
recently been stimulated as a result of a senes of expenments that were interpreted
as spdeating that Tysergic aad dsanude (LSDY) exerts its powerful wction on the
centsal nervous systern as @ § HT The L logy of 5 HT
will not be discussed except to note that in the author s expenence patients with
carcmerdosss and high 5 HT content in the bload have never shown any remark
able psychuc disturbances It 1s possible that thns may be explained by the fact that
5 HT occurs  the blood firmly bound 10 the platelets Ever since the first work
when serotontne 1n the bleod was wdeasified as 5 HT (s active principle in the
plasma has been assoviated with the platelets Experiments by Toh {1954) seem to
show that platelets take up 5 HT from tts solutions and the same author has
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gihven experimental data indicating that the normal 5 HT 1s formed 1n the intestinal
wall and 1s transported 1n the blood bound to the platelets A high content of 5 HT
in the blood from | case with careimoidosis where a platelet free plasma fraction
had a much lower content has been demonstrated (Pernow and Waldenstrom
19562 and b) These experiments are quite difficult technically and they should
therefore be repeated with other patients It seems probable however that free
5 HT usually does not circulate 1n the blood 1nd this may explain the fact that it
does not pass into the central nervous system

One symptom that may be quite striking 1s a scaly browmish dermatosis usually
situated on the arms and legs but aiso seen on the trunk (Biorch et al  1952)

One such case with severe dermatosis and a fiery red tongue has been treated with
niacin The mmprovement was striking but it 1s naturally difficult to judge the
therapeutic results from only 1 case

A c g th 1 expl of pellagra occurning 1n patients with
carcinord tumours has been given by Udenfriend et al (19552 and b) who pomts
out that tryptophan s a normal precursor of both 5 HT and niacin It may well be
supposed that 2 twenty fold increase in the production of 5 HT may cause a rela
tive deficiency of tryptophan available for niacin formation In the author s patient
the amounts of 5 HIAA found in the urine were quite high (70 milligrams sn 24
hours) Confirmation of this hypothesis would prove a umque example of vitamin
deficiency from metabolic causes The implications are possibly far reaching and
1t would be the first specific instance of d d boll with a dary
deficrency state caused by enzymatic processes 1n tumour cells It seems probable
that such competition between tumour cells and normal body cells will be found to
explaimn many potnts 1n tumour cacheva

PROGNOSIS

1t 1s a well known fact that small carcinoid tumours often appear as multicentric
lestons This 1s said to occur 1n about one third of all intestinal carcinoids and
several patients have had 50-70 small nodules without metastases elsewhere It1s
thus possible thata systemic  hypertrophy of the yellow cells may occur Another
remarkable fact 1s the good expectation of life even 1n the presence of widespread
metastases to liver and lymph glands Such patients have been described in the
Iiterature and some remarkable 1nstances are to be found in the author s series
One patient operated upon 1n 1943 had widespread hepatic metastases In 1956
her condition was practically unchanged except for more marked cardiacsymptoms

It 15 thus obvious that the course of malignant carctnoid may be qurte protracted
and that cachexia 1s usually of late occurrence Many patients dic from heart
conditions but n some mstances the tumour itself develops rapidly and the
patrent dres ke a sufferer from any malignant tumour It 15 stuking however
that the toxic action of the 5 HT so often domunates the chnical preture Cases
are also known where the intestinal tumour obviously causes defective intestinal
absorption with dary severe hypopr 1 such case was described byl'
Waldenstrom and Ljungberg (1955) The plasma protetn was returned to normal
after resectton of the tumour It 1s possible that the hypoproteinaemia may have
causes related to the tumour cellular metabolism
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TREATMENT

TREATMENT

The only avaiable 1hempy 1s surgery Most p:mcnts with sesectable carcinord
tumours have abd of a nature and the
dragnosts 15 madg at operation Vve now have a , number of personal obseryations
whete a defimte diagnosis was made from the citmcal picture together with the
findings of $ HIAA 1n mcreased amounts tn the unne In these cases widespread
smetastases w lymph glands and tver are usvally present and the operation wilf
therefore not be radical The author recently observed and treated the case men
tioned in the discusston on pellagra (p 98) where the syndrome was obviously
more or Iess completely cured after ¢ vadical operauion The patient a female
aged 35 years sufiered from flushang with 2 contimuous &yanosts i the face and
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attacks of 3 The climeal & was d by the finding of hugh
HIAA values in the unine An abdomunal mass obviously of pelvic ongin was
palpated On radsological examination the tumour was found to contam several
teeth A tentative d of ovanan d tissue was
made and at operation such a tumour was found but there were no visible or
palpable metastases After extirpation of the tumour the climeal picture changed
completely and the excretion of 5 HIAA became normal It 15 thus prabable that
a lasting cure has been obtamed (Fig 32)

The posuble importance of macin in these patients has been discussed Chnseal
brochenustry does not offer any good measurement for the status of niacin satura
tion in the body Tt theeefore seems advisable o gave patients with severe carcinor
dosts an extra supply of nsactn Tt 1s possible that an future antimetabolites will
become of mportance Through the co operation of the Sandoz Company m
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Basel Switzerland the author had an early opportunity to test the effect of the
ants 5 HT substance BOL 1n our cases but without any definute effect Other
antimetabolites might possibly have a favourable influence Heart failure 1s
treated according to the usual principles
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11 CHEMICAL AND PHYSIOLOGICAL ASPECTS OF
CARCINOID TUMOURS

BENGT PLRNCW

17 was first 3 by Wald and L herg (1953 1955) that the generat

d with di nmught be duc 10 tncreased secretion of §
hydrovy tr; Th ofthist ‘hadinde
pendently been camed out by two tesearch groups Viatl and Erspamcr {1933)
ssolated from {mucosaa ictor that d smooth

muscles and which they calied enteramine 1n thew opinion it was produced by the
en!emchromamn cells of the bowel wall Erspamer and Asero (1952) subsequently

as S hy yirypta {S HT) The same substance but
called serotonin was 1sofated from blood serum and wdentified by Rapport et al
{1948} It 1s a norsmal constituent of the platelets from which st 1s liberated duning
coagulatian causing a local vasoconstrsetion § hydroxytryptamune has row been
synthesized by several workers Echaustise reviews of the relevant Iiterature have
recently been presented by Erspamer {1954a and b) and Page (195¢)

BIOSYNTHESIS AND METABOLISM OF S HT
Tryptophan as Udenfriend et al (1953} have shown 15 the mother substance
the synthesis of 3 HT in the organtsm The vanous phases of this synthests are
shown sn Fig 3] on page 97 Tryptophan s first oxdized to § hydroxytryptophan
under the snfluence of tryptophan oxidase which chiefly occurs in the hver and
kxdncys The § hydroxyxrypmphan 15 then decarboylated to § HT by a speaific

fase that can be d masnly from the gigestrve tract
Iy e § HT 15 sactivated by an amne ovidase (Blaschho and Phulpot 1953)
The final product of this oud: de 15 5 by, acid

(5 HIAAY 2 noomal constituent of wrine (Titus and Udet\fne“d 1954y

There s as was shown by Sjoerdsma et al (1956} a2 marked dsfferance between
the ryptophan metabohsm m normal and 1n carcmord patients This difference
1s shown schematwcally w Fig 31 on page 97

Under normal conditions the bulk of tryptophan i the food 15 wiized i
buslding up protewn and ntaein only about 1 per cent 1s COnwrlcd via s hydro‘()

tryptophan into 5 HT and sumiar sub; In d ths normal b
1s completely disrupted about 60 per cent or th daily intake of trypiophan being
b w0 § HT This lam condd take place therefore at the

costof protemn and macin productian and 10 these patients it may give nse to defics
ency symptoms consistng of anorevia and pellagea The disturbed tryptophan meta
bohsm 15 reflected too i the urtnary excretion of 5 RIAA Normaily thisis more
or less constant even with major varations i the tryptophan content of the dret
¥n carcinosd patients however it nises markedly with meseased tryptophan miake

METHODS FOR EXTRACTION AND BIOLOGICAL ASSAY OF § HT

Several useful methods Bave been reported for extracuon of § HT From blood and
urine Lembeck and Neuhold (1953) have loyed a3 paper
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method for separating 5§ HT from other sub: Foll g ch h

5 HT has been eluted from the paper and quantitatively assayed biologically
The solubility of S HT 1n 95 per cent acetone has presented a further possibtlity
of extraction and separation from other biologically active substances and from
agents interfering with the biological assay The acetone method has also been
the commenest one for extraction of 5 HT from carcinoid tissue

Biological assay

This 1s performed chiefly on isolated smooth muscle organs Erspamer has
introduced the use of the 1solated rat uterus In the oestrus phase that organ 1s
tighly responsive to 5 HT but virtually msensitive to histamine and acetylcholine
Dalgliesh et al (1953) have shown that 1solated rat colon 1s an excellent medim
for quantitative assay of 5 HT Rat colon 1s pr ly tble to ¢
while the effect of acetylcholine has to be blocked with atropine Twarog and
Page (1953) have used 1solated heart from Venus mercenaria Admnstration of
§ HT1n a very small dose increases the amplitude of the heart beats

Chemtcal methods of S-HT assay

Chemcal methods for deter of 5 HT 1n biol | tissue have been
devised notably by Udenfriend et al (1955b) Three methods are serviceable
(1) determination of the absorption of 5 HT 1n ultra violet hight (2) colonmetric
deter with nitr hthol as reagent (3) a fluorescence method enabling
amounts of down to 0 05 microgram to be determined Jepson and Stevens (1953)
determmed quanttatively the fluorescence emutted by 5 HT in ultra violet hght
directly from the paper after chromatography reporting a sensuivity of 002
mucrograms 5 HT

5 HIAA

Colorimetric methods for quantitative determination of 5§ HIAA n urine have
been elaborated by Erspamer (1955) Udenfriend et al (1955a) and Hanson and
Sertn (1955) among others In the method by Udenfriend et al a mtroso 8
naphthol was used as reagent which 1s specific for 5 HIAA Hanson and Senn
have used Ehrlich s aldehyde reagent which turns urine from patients with car
cinoid blue This reaction 1s useful as a qualitative screen test 1n most cases of
carcinotds but a simple method 1s also described for quantitative determination of
5 HIAA

5 HT and 5-HIAA 1 blood urine, and tumour tissue from carcinod cases

The accompanying Table shows the normal values for 5 HT 1n blood and urine
and for 5 HIAA 1n unne It includes too the corresponding values found 1n
carcinord pattents collected from several investigators

The 5 HT content of the blood as will be seen 15 substantially elevated 1n
patients with carcinotd tumours The highest value (6 5 mucrograms per mullilitre)
has been reported by Pernow and Waldenstrom (1954) The bulk of 5 HT has
been found 1n the thrombocytes while free 5 HT circulating 1n the plasma has
shown exceedingly low values Goble et al (1955) found that the 5 HT content was
substantially higher 1n blood from the vena cava and pulmonary artery than in
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the artenat blood The S-HT content of the peripheral bload might temporanty
increase during attacks of flushing (Hegghn and Langemann 1955)
TABLE

FIGURES FOR $HT I\ BLOOD AND URINE, ARND OF §-HIAA AND HISTAMINE
N URINE 1N NORAVIAL PERSONS AND YN CARCINOID PATIENTS

b shm sramime
Urine rens
Boiserum 1 Urine
tuclod) tyig ml) GmattRdey | apgletér)

Nogmal 00s02 | 003002 310 619
C:\'rcr:‘:md ‘ 02563 1 010-20 15-1 680 157500

The 5 HT content of unne ke that of the blood shows great vanatons The
values range trom 01 to 20 mucrograms per milistre of unmne the hughest
value being reported by Snow et al {1955) Pernow and Waldenstrém (1956}
found elevated § BT values 18 17 of 20 cases in which the hormone was assayed tn
blood and unne

Usually the unnary excretion of 5 HIAA 15 cnormously elevated 1 carcnod
cuses yvalues of from 15 to 1 680 mthgrams per day have been reported {(Lembecl
and Newhold 1955) The urtnary excretion of 5 HIAA appears to run parailel with
the 5 HT content of the blood and urtne Although phwsiotogically greater
wmterest attaches to a study of the biok ity active d of
5 HIAA 15 decidedly more practical as a rostine method m suspected carcmornd
or m follow ups It 1s simpler and requures less laboratory equspment Further
5 HIAA 15 far more stable and hence the values ase more rehable The unmary
output for § HT probably represents only @ very small part of the total produced
in the orgamsm the bulk of 1t 1s absarbed by the nssues and broken down by
amune oxidases Hence the excregon of S<HIAA 1n the urine should b a more
rehable cruenton of the total § HT production Abo otber S HT metabolutes than
S HIAA howeser occur m the unne {Macfariane et al 1956

Large amounts of S HT can be extracted from carcmmod tissue as was first
shown by Lembeck (1953) The reported values range from 15 to 2 500 mucrograms
§ HT per gramme of fresh tissue The greatest amount has been found w primary
tumours fiver and fymph node metastases appareatly contatn smailer guantstics
Nesther § HT nor § HIAA has been demonsirable 1 cerebrospinial flud ot faeces
(Sjoerdsma et al {956

URINARY EXCRETION OF HISTAMINE IN CARCINOIDS

1t has recently been shown that carcinoyd patients excrete not only § HT but also
fustamine 30 abnormatfy hegh amounts m the unne {Pernow and Waldenstrom
1956) The extraction method vsed was adsorption on an Amberlste ton exchangs
cofuma and etution with hydrochlone acid The mistamine was assayed on the
1solated gurnea pig tleum The amounts of free stamme found 1n unne was i
5 patients out of 7 hugher than that normally found (seg Table)

The fact that both § HT and lastamine are found in mncremed amounts 10 the
unne 1 carinoid cases suggests a relattonshup of these substances i the body
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Other observations speak 1n favour of thus suggestion It has been shown that the
distribution of 5 HT 1n the mucosa of the stomach 1s very simular to that of
histamine (Douglas et al  1951) The presence of both ustamue and 5 HT has
been demonstrated 1n the mast cells (Benditt et al  1956a) Nothing 1s known how
ever about the mechanism of release of histamine n these patients It might be
assumed that the tumour cells produce both 5 HT and histamine 1t 1s also possible
that the 5 HT secreted from the tumour cells acts as a istamine Iiberator i the
body This would be 1n conformity with the observation by Feldberg and Smuth
(1953) that 5 HT has the abtlity to release histamine from hiving cells

SYMPTOMS OF CARCINOID IN RELATION TO THE
PHARMACOLOGICAL CHARACTERISTICS OF 5 HT

It now seems to be widely agreed that the general symptoms domtnating the
chimcal picture of carcinoid are due to secretion of 5 HT from the tumour tissue
for all of these symptoms can be exper [y di d by the infusion of 5§ HT
i human subjects or Jaboratory animals The symptoms are referable to three
different organtc systems

Heart and circulation

The pred circulatory P are disturbances
(flushing) tachycardia elevated pressure in the pulmonary circulation and nght
sided valvular lesions 1n the heart Flushing has been explarned and expenimentally
demonstrated by Roddie et al (1955) who showed that infusion of 5 HT 1 the
human brachial artery produced a deep flush 1n the ipsilateral forearm which
within a few seconds became oedematous and assumed a cyanotic hue Con
currently the volume of the forearm increased and the heat dissipation from the
skin was reduced The functional basis of these symptoms 1s a pronounced con
striction of the artertes and arterioles and dilatation of the capillaries and venules
Cyanosts has also been observed after intravenous myection of 5 HT i man
and after intraperitoneal admunistration 1n rats

The haemodynamic changes dunmng flush have been studied in detail by Thorson
(1956) Imtially the cutaneous capillaites are dilated and the skin reddened and
burming The cardiac sounds and ballistographic waves are for a few seconds
d hed and then considerably increased Finally the reddening 1s succeeded
by pronounced cyanosis and the heart sounds and ballistic amplitudes are again
decreased These observations on carcinoid patients are sumtlar to the results
obtained by Roddie et al (1955) after 5 HT nfusien

There has been a good deal of discussion regarding the cause of the valvular
changes observed in the right heart 1n many patients with widespread carctnoidosis
chuefly concerned with the relatronship between these changes and the high 5 HT
content of the blood Two mechamsms of orign are concervable

(a) The valvular changes may be sccondary to the mcreased pressure in the
pulmonary circulation  Ditect recording of the blood pressure in the pulmonary
artery has demonstrated a nise of blood pressure followng Infusion of 5HT
(MacCanon and Howath 1954) The changes in the tricusprd and pulmonary
valves may therefore be regarded as hypertrophy compensating the elevated pres
sure m the pulmonary circulation which however does not seem very likely
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since simalar changes are usually not d
tension of other acticlogy

Thorsen (1956} observed 1n some cases duning flush a difation of the nght half of
the heart and showed by ntracardiac pressure fracings a transient tncupsid regur
pitation  This mmphes repeated stretching of the structures i the heart dunng
the flushes repeated many times dasly for a long ume and mught help to explun
the late deselopment of endocardial sclerotse lesions s some of these patients

{b) Another theory ss that 5 HT durectly stimulates the formation of connective
tissue Changes 1 the night heart are chyefly observed 10 patrents with fiver metas
tases T the senes of 33 carcmosd cases reported by Pernow and Waldenstrom
{1956) all patents with cardiac I t had liver except one
remarkable case Since these metastases as well as the primary tumour sontinu
ously secrete S HT the blood reaching the right heart has a high content of that
substance Most of the 5 HT as already shown by Gaddum et al {1953} 1s broken
down in passing through the fungs which contamn an abundance of amine oxidase
The blood reachsng the left heart accordingly has a considerably lower content of
$ HT than the venous blood which 15 in conformuty wath the observation by Goble
et 8} {1953) The stimulating effect of S HT on the formation of connective tissue
was first suggested by Hedinger and Gloor (1954) this theory has been supported
by expersmental studies Thus Benditt et al (1956a) found that 5 HT s capable of
praducing hyperaemua and oedema when imyected subcutaneously mto rats
Degranulation of the mast cells has 1lso been observed after mjection of § HT
resulting m p d osdema and tissue (Ashoe Hansen
and Wegehs 1956)

1m cases with pub y hyper

Smoeth muscle
The respratory organs

Asthmatic attacks have been reported to accompany flushing i patients with

M studies have shown clearly that § HT affects
bronchial tone Rexd and Rand {1951} for mstance observed bronche canstriction
1n dogs after sntravenous admunsstration of 5 HT Sinular observations have been
made by Gaddum et al (1953) 1 cats and by Herxheimer {1953} in gutnea pigs
fallowing inhalation of § HT

The alunentary tract

An apparently general complex i carcnaid patients consssts of borberygmt
diarthoea and other signs of increased penstalsis together with the flushing
3 HT has very povwerful stimulating effects on ssolated segments of intestine and
these have been studied specially by Erspamer (1940) In fact studies on 1solated
intestine of gusea pig or rat offer one of the most sensitne methods of assaying
5 HT The stumulating effect ts also observed on the bowel m suu Even under deep

3 HT causes sounds and of the gut
(Page 1954) Borborygm and abdormunal pan can also be produced 1n man by
intravenous admumstration of 5 HT (Spies and Stone 1952}
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Y11 PATHOLOGY OF CARCINOID TUMOURS
Basi. € MorsoN

INTRODUCTION

CARCINOIDS are epithelial tumours which anse from the Kulischstzhy cels in the
mucous membrane of the gastro intestinal teact They hace the pathological
features of very slow growing malignant fumonrs and patients may Ine for
many years even in the presence of extensive secondary depostts There are how
ever exceptions to this general rule

The term carcinord  was sntroduced by Obemdorfer in 1907 1n order to dis
yngwish this tumour from carcmoma Gosset and Masson (1914) and Masson
(1928) showed that the tumour ¢clls contained cytoplasmic granules which reduce
sstver salts This fed to the use of the terms argentaffin carcinoma or argestal’
finoma Howesver the non term d istobep d for the
affimity for ssher 15 not speeific to these celis Afso there are tumours in the rectum
called carammd  which do not show argentaffin granules

In comparisor wath other forms of mahignant disease of the gastro mtestinal
tract carctnond tumours are uncommeon They aze however among the commonest
mahgnant tumours of the small mtesune and appendix  Therr importance has
greatly mereased sinee 1t was shown that they secrete 5 hydroxytryptammne or
serotonin {Erspamer and Asero 1952) The presence of excessive quantities of this
substance in the blood of patients with carcinoid tumours may produce a clincal
syndrome whose most constant features are a peculiar type of flushing diatrhoea
and night sided vatvular disease of the heart (Brorck et al 1952 Thorson et al
1954) These discovenies have added to the interest and smportance of a carcinord
which may now be regarded as an endocrine tumour

GENERAL PATHOLOGY

Ongm

Gosset and Masson {1914) were the first to demonstrate that carcmond tumours
arose from special epithelial cells 1n the mucosa of the gastzo mtestinal tract
Gne of the earliest accounts of the morphology of these cells was gnen by halt
schitzky {1897) and for this reason hus name 55 very commonly used to descnibe
them The k. y cells are most in the mucous membrane of the
duodenum (inclading Brunver s glands} followed by the smalk mtestine (including
Meckel s dnerticulum) appendix colon and vectum In the stomach they are
normally few 1n number but are mcreased 1n assocation with areas of intestinal
metaplasia (Magnus 1937) They are also present 1n small numbers i the panereas
and gaft bladder Masson (1928) has emphasized therr entodermal ongn An
account of thewr distibution 1 animals has been mven by Jacabsen (939}

In the mtesune the cells are situsted mostly near the base of the crypts of
Lieberkuhn not mare than two or three bemng found sn each <rypt Occasionally
cells may be scen neater the surface of the mucosa The normal ceft (Fig 33)
ts about the same size 25 ts neighbours but 1t has a somewhat targer nucleus with
a fine chromati network and leat: 3! contams fine

€ cytop
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granules which always lie basal to to the nucleus and have nesver been obsenved to
enter the lumen of the tubule In contrast the coarse granules seen in the neigh
bounng Paneth cells (Fig 33) lie 1n a supra nuclear positton The Kultschitzky
cell granules are eosinophil they reduce ammoniacal silver mitrate and give an
mntense yellow colour with bichromate solutton The last two properties have led
to the use of the terms  argentaffin and enterochrome to describe these cells

Many attempts have been made to discover the exact chemical nature of the
cytopl granules in Kultschitzky cells and 11 of these efforts
are gnen by Jacobsen (1939) and Barter and Pearse (1955) As a result of work by
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Fi6 33 —Normal Raultschitzky  cell  Fic 34 —Carcmoid of the appendix

Note the infranuclear granules The
rather coarser supranuclear granules
1n a Paneth cell can be seen at the base
of the tubule (Diazo method > 600
reduced by one quarter in reproduction)

The cytoplasmic grapules are most
dense around the peniphery of the
clump of tumour cells (Diazo method

100 reduced by one-quarter m
reproduction )

Erspamer and his colleagues 1t 1s now certan that the granules are an artefact
produced by the snteraction of formaldehyde and 5 hydroxytryptamme of sero-
tonin Confirmation of this work has come from a number of sources both chermeal
and pathological ncluding that of Lembeck (1953) who first extracted 5 hydroxy
tryptamune from a carcinoid tumour
Sites

G ds are most 1y found m the dix and the small ntestine
usually the terminal sleum Less frequently they are found 1n the rectum (where
they exhubit unusual and atypical features) 1 the colon the stomach (Martin and
Atkins 1952} the duodenum and Meckel s diverticulum They have also been
reported in the gall bladder (Porter and Whelan 1939) and in teratomas (Willis
1953) De Muylder and Fayt (1954) describe normal argentaffin cells and a car
cinoid tumour 1n the lung The stmilanty of some bronchial adenomas to carcinoid
was noted by Hamperl (1937) while Jarvi (1946} described tumours of the naso
pharynx which d flin g les Carcinoid tumours may
arnse at any site where normal Kultschitzhy cells are found and this includes areas
where ectopic gastric or ntestmal epithelrum 1s known to occur Ashworth and
Wallace (1941) describe 28 cases i unusual locattons
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Age and sex incidence

Caremords have been reported at all ages from adolescence to extreme old age
Cases of metastasizing carcinoid however are commoner 1n the older age groups
Tn most of the Jarger series the sexmeidence has been 4 httle greater in men than in
women 1n some there has been 2 preponderance of females This may be accounted
for by the greater frequency with which appendicectomy 1s performed in women
particularly n with peluic It must be bered that
carcinoid 13 a remarkably silent tumour and 1s often an mcidental finding at
operations for other intra abdomunal conditions

It 15 interesting to compare the age ncidence of carcmord tumours of the
appendix and those 1n the small intestine which 1s really a comparison of those
tumours which are rarely found to have any metastases at the time of operation
and those 1n which lymphatic deposits are very commonly found A study of 22
cases of d of the appendix shows an age incidence of 16-67 years with 2
mean of 34 years—conforming with that reported for a larger series by Pearson
and Fitzgerald (1949) On the other hand 14 cases of carcinoid of the 1leo caecal
region other than the appendix which have been studied by the author show an
meidence of 35-82 years with @ mean of 67 years Four of the patients were over
the age of 80 years at the time of operation All except one of these cases had
secondary depostts Pearson and Fitzgerald found a mean age of 66 years in their
cases of metastasizing carcinoid and Dockerty and Ashburn (1943) a mean of
58 years The compartson between the age meidence of carcinotds of the appendix
and small intestine supports the view that most of these tumours are very slow
growing and that the development of metastases 1s a matter only of time

Graoss charactenistics

Carcinoids are usually small circumscribed tumours which tend to be sub
mucosat 1 posstion and cause little uleeration of the overlyng mucosa In cases of
d the lymp deposits are frequently larger than the
primary growth The tumours are ustally very hard and may appear yellow The
colour 15 more obvious on the cut surface of the tumour and 1s due to the yellow
colour of the cytoplasmuc granules The fluorescence of the cut surface of a
carcnoid tumour has been studied by JacobSen (1939)

Methods of spread

Much local spread beyond the wall of the bowel 1s unusual although wvolve
ment of the peritoneal coat 1s common Secondary peritoneal deposits may be
found but these rarely lead to ascites

Spread to regional lymphatic glands occurs and 1s mast commonly found
carcinod of the small intestine Glandul; 1 t from of the
appendrx 1s rare due to the early stage at which the diagnosts 1s made

Invasion of blood vessels in the neighbourhood of the primary tumour may be
seen 1n histological sections Metastasis occurs primanly to the liver but also to
lung heart kidney skin and other organs Because of the very slow rate of growth

of carcnord tumours removal of secondary deposits which are causing sy mptoms
may be well worth while
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Histology

The typicat carcinord (Fig 34 and Plate I11) consists of solid clumps or strands
of small closely packed cells_The tumour nucle: are very uniform in shape and
size Mit6es are difficult to find The cells show a tendency to tubule or acinar
formation and the larger clumps may be surrounded by a single row of cells which
are columnar n shape and give the appearance of Jpabisading  as mn basal cell
carcinoma of the skin The cytoplasmic granules typical of carcinord are most
dense around the periphery of the clumps of tumour cells (Fig 34) When a layer
of palisade cells 1s present thewr granules are found 1 an infra nuclear posttion
as n the norml Kultschitzky cell The tumour cells infiltrate surrounding tissues
particularly nerve sheaths and may be seen within the lumima of lymphatics and
blood vessels Varying degrees of anaplasta do occur but are uncommen These are
the histological characteristics of {fie great majority of carcinoid tumours but
particularly those 1n the appendix and small intestine Carcinord tumours of the
rectum have atyprcal features which will be described later

Histologists have noted an ¢xcessive amount of smooth muscle in and around
carcinoid tumours This could™be~1fe result of long standinig mterference with
16cal muscular contractions—a  work hypertrophy On the other hand 1t 1
possible that the excessive secretion of 5 hydroxytryptamine by the tumour cells
may cause a local hyperplasia of smooth muscle

The histological diagnosts of carcinord despite the mtroduction of brochemical
tests remains of pnimary importance It has been customary in the past to rely on
the morphological appearances 1 an ordmary haematoxylin and eosin sectton
without any attempt to demonstrate the speaific cytoplasmic granules It 1s true
that these granules are.strongly eosinophilic in freshly fied tissue (Plate I11 (@) but
this 1s a non spectfic reaction and may be mumicked by other intestmal tumours
It 1s important to confirm the dagnosis of carcinoid by using one of the more
specific stamning techmques

The property of reducing ammoniacal silver to metallic slherJargent:lﬂin
reaction) s the one most commonly used for confirming the diagnosisof caremond
n routme histological laboratortes (Plate 111 {5)) This reaction cannot be regarded
as very specific for the granules are not distmguished from either melanin or
lipofuchsin Al the diffe difi of the ar ffin reactson are slow and
dificuli and are seldom successful unless performed by a skilled technician
Precipitation tends to occur durmg the preparation of the section wluch not only
obscures the tissue under examination but may give nise to artefacts On the other
hand the Dinzo method (Clayden 1955) which stains the granules rust red
(Plate I1I ()} 1s quick simple and reliable and may be successfully performed by a
relattvely mexpenienced technician The section remains clean and the granules
are clearly stamned

Because the granules seen 1n carcinord tumours are an artefact produced by the
interaction of formahin and 5 hydroxytryptanine they can be demonstrated only
“n materal which Fas been fived i formol saline Fixatives containing chromates
are ble The granuvles My d. from unfixed tissue and can seidom
be demonstrated at all in necropsy matertal The longer fixation 1s delayed after
surgical removal or biopsy the poorer will be the results Moreover 1t may be
seen that the stamng of the granules at the periphery of a carcinoid tumour 15
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(d) Carcinoid of app ndix with anaplastic features The cytoplasmic granules Are
stamed rust red by the Dsazo method (x 450)






REGIONAL PATHOLOGY AND PROGNOSIS

better than at its centre This 15 explaned by the more efficient fixation of the
tissue where 1t 15 most closely 1n contact with the formalin Jacobsen (1939) has
pointed out the importance of the temperature factor He found that if fixation 1s
delayed for 6 hours at 37 C this was sufficient to destroy the granules 1n normal
Rultschitzky cells

Cardiac changes 1n metastasizing carcinoid

‘Thorson et al (1954) described cardiac changes in patients with metastasizing
carcinoid A detailed account of the pathological findings tn the heart has been
given by Goble et al (1956) There may be stenosis of bath the tricuspid and
pulmonary valves and hypertrophy of the night eniriclé Histologically there is no
sigtificantdifference between these lesions and those found 1n chronic rheumatism
their pathogenesis 1s obscure

REGIONAL PATHOI OGY AND PROGNOSIS
‘Tumours of the appendix
These are usually very small circumsenibed tumours seldom more than | centimetre
w diameter Mast are situated nearet the tip than the base of the organ Others
show a more diffuse involvement of the appendix and the diagnosts 1n these cases
Iy p until Of 22 cases within the author s

experience 3 were assoctated with mucocele due to blockage of the lumen of the
appendix A few were found mcndenlally at apcrauons for other ntra abdominal
of

conditions but most of the pl d of the appeadic m this sertes
were remo\ed b:cnuse of associated acute or chronic appendicitis
The b and b of the great majority of carcinoids

of the appendix are those of a very slow growing malignant tumour There 1s no
Justification for the use of the térm  bemign carcmoid  which 1s often applied to
the small non ds of the appendix except as an indication
of their almost mvarably _good prognosis. after surgical removal Of 22 cases of
carcinoid of the appendix studied by the author and followed up for periods of
2-22 years only 1 recurred The patient a femnale aged 20 years died within a
year of appendicectomy from metastases in the hver and Iungs There was evidence
that the tumour had assumed more 1stics than 1s
usual The cells showed vanation 1n shape and size of nucler with an increased
number of mitoses and dimunution in the amount of cytoplasmic granulanty
(Plate 11 {d)) Although d of the appe 15 Tare, it may occur
even with a coriventional Histological pattern Stewart and Taylor (1926) reported
a carcinoid of the appendix with 1arge pelvic peritoneal depostts Removal of these
together with the pnimary tumour effected a cure and the patrent was alive and well
10 years later These authors collected 8 other cases of metastasizing carcinoid of
the appendix from the literature Hopping et al (1942) reported a total of 16 cases
from the literature and added a case of their own in which extensive intra abdominal
deposits occurred 1ncluding involvement of the nght ovary

Small intestine and caecum
Most carcinoids of the small intestine and caecum are found 1n the region of
the terminal ileum and the 1leo caecal yunction Whereas tumours of the appendix
It
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are nearly always single those in the small mtestine are frequently multple
Dockerty and Ashburn (1943) state that the tumours are multiple 1n 30-50 per cent
of cases the number varying from 2 to 68 m one of their cases This s 1mportant
1n surgical treatment for a radical resection of a segment of 1leum for a macro
scopically obvious tumour may leave behind smaller tumours which can be
discovered only by careful palpation of the remaining bowel

The tumours are mainly submucous 1n position and vary I size from that of 2
pea to a plum They may cause stenosis with dilatation and hypertrophy of the
wall of the bowel proxmmal to the growth Kinking of the mtestine and intus
susception may also occur Much Jocal spread beyond the wall of the bowel 1s
unusual

By the time of diagnosis most cases of ntestinal carcmoid have developed
metastases particularly in the regional lymphatic glands One reason for the late
diagnosis 1s the small primary tumour within the relatisely large Tumen of the
mtestine which fails to grve nise to any obstructive symptoms This also explains
why carcinod of the small intestine 15 often an incidental finding at operation for
other intra abdominal conditions

Despite the latent beh of d the prognosts is usually
good Dockerty and Ashburn (1943) state that the natural history of carcmoid
tumours 15 one of slow evolution with a long pre operatne phase and post
operative survival Terplan et al (1940) have reported a case of survival for 5}
years 1 the presence of the primary growth lymphatic and hepatic metastases
The patient died from drowning and at post mortem exarmnation the metastases
had not increased apprectably 1n size That metastatic deposits of carcinord may
remain stationary in size over a period of many years 1s )llustrated by Case 1 1n the
accompanyng table This patient 1s alive and well 8 years after laparotomy and
clinically her secondary deposits have not increased in size during this perrod The
slow rate of growth of carcinoid tumours of the 1leo caecal region 1s a reflection of
their huistology These appearances have been described earlier 1n thus chapter
They are those of a malignant tumour of a very low grade of malignancy This 1s
the main reason for the survival of patients with widespread metastases 1t also
accounts for the results of surgical treatment which are mvanably good this 15
well shown 1n the cases reported by Stewart and Taylor (1926) Cameron (1938)
Mallory {1940) and Dockerty and Ashburn (1943)

In the table on page 113 there are clinical and pathological detazls of 8 patients with
metastasizing carcinord of the 1leo caecal region (excluding the appendix) who have
been followed up after radical or palltative surgical treatment They have recently
had urmne tests for 5 hydroxyindoleacetic acsd (5 HIAA) m order to detect or
confirm the presence of metastatic deposits of carcinord The tests have been
performed by Dr J B Jepson of the Courtauld Institute of Biochemstry at the
Middlesex Hospital London using hts paper chromatographic method (Jepson
1955) for both qualitative and deter A further 5 cases
taken from the records of St Mark s Hospital London show 1 post operatine
death due to pulmonary embolus 2 deaths from an assocrated carcinoma of the
colon and 1 death from old age 13 years after operation The chinical record of
the fifth casc suggests that the patient died from extensive liver deposits of carcinord
which were known to have been present for at least 7 years pnor to death

The cases i the table can be divided into two groups First those patients who
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TABLE
CARCINOID OF ILEO CAECAL REGION (EXCLUDING THE APPENDIX)
Urtnary
age | Sex | Sue Metastases Operation Result | S HIAA
inpgiml
1] 52§ F 1] P Tleo Well 60-80
valve pelvis colostomy 8 years
Iner
2| &1 | M| Heum Glands Tleo transverse Well 20-50
peritoneum colostomy 2 years
31 8 | F | lteum Glands Resection of primary | Well 50-100
(inoperable) | and ileo transverse” | 12months|
colostomy
| P | M |veum | Glands Radical Well 040
resection 5 years
s{ 35 | F |Caecum | Glands Right Well 0-30
hemicolectomy S years
6| 0 | F | lleum Glands Radical Well Normal
resection 4 years
7| 82 | F | leocaecal| Glands Right well Normal
valve hemicolectomy 8 months|
gl 55 | F | leum Glands Right Well Normal
hemicolectomy 8 months|
Normal level = 0-10 ; g'ml
were found at |, y to have ble deposits of and yet have

remained alive and well Secondly those cases who remain alive and well after
radical removal of the primary growth and all known metastases {None of the
cases with a raised level of urtnary 5 HIAA show any of the humoral mamfesta
tions of metastasizing carcinoid On the contrary the patients in the first group
(cases 1 2 and 3) who are known to have moperable deposits of carcinoid are
remarkably well desptte their advanced age Wacfar]anc et al (1956) have stressed
the inconstancy of the relatronshtp between the climical picture the pathological
distribution of the tumour tissue and the level of 5 HIAA 1n the unine

The second group (cases 4-8) illustrates the value of quantitative estimations of
unnary 5 HIAA i the of post operat Three of these
patients have normal levels of § HIAA or none at all suggesting that they are free
of recurrence On the other hand patients 4 and 5 have abnormal levels of unnary
5 HIAA and it may be presumed that they still harbour deposits of carcinoid In
both these eases there wasinvolvement of lymphatic glands in the surgreal specimen
In case 4 these were present near the point of ligature of the regional blood vessels

Some consideration must be given to the procedure to be adopted 1n a case of
recurrence due to carcinoid as detected by a urine estimation of 5 HIAA Bearing
m mind the very slow growth of these tumours and that patients may remamn
alive and well for many years even 1n the presence of metastases no active treat
ment or surgical ntervention would appear to be necessary unless the level of
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5 HIAA nises or the pttient develops humoral manifestations In either case the
surgical removal of as much tumour as possible might be considered

Carcinoud of the rectum

An mereasmg number of cases of carcmoid of the rectum are being reported
particularly in the American hterature These cases show histological appearances
which are atypical when compared with carcinoid of the 1leo caecal region and
their ongin from true Kultschitzky cells 1s open to doubt Only 21 cases of car
cmoid of the rectum have been seen at St Mark s Hospital over a pertod of 25
years 12 of these were in males and 9 1n females Thetr ages vaned from 24 to
68 years with a mean age of 44 All but 1 of these tumours presented as small
submucosn] nodules about 1 centimetre in dimeter They were found accrdentally
either 1 operation specimens removed for adenocarcinoma of the rectum (5
cases} or during rectal investigation of anal symptoms due to a varety of causes
mcluding haemorrhods (15 cases) They were usually thought to be simple adeno
mas All but I of these 15 cases were treated by local excision none has recurred or
developed metastases One case was treated by a radical operation but no secon
dary deposits were found and the patient remains alive and well Jackman (1954)
states that local excision 1s adequate treatment for the smatl submucosal vanety
of rectal carcinord

It would appear that only a small percentage of cases of rectal carcinotd develop
metastases Horn (1949) found 5 cases of metastasizing carcinoid 1n a series of
56 cases t1ken from the literature More recently Jackman (1954) has referred to 9
cases 1n a series of 44 tumours In the St Mark s Hospital series only 1 case was
clinically and pathologically malignant This presented as a large ulcerating tumour
of the upper third of the rectum Biopsy showed a degree ofﬁnapﬁ_sm not usually
found i caremoid tumours and a radical operatton was therefore performed
Secondary deposits were found 1n the liver and the operation specimen contamed
Ilymphatic metastases This case has been reported 1n detail elsewhere (Gabrel and
Morson 1956) A study of metastasizing carcinoid of the rectum reported 1 the
literature suggests that the size of the tumour the presence of surface ulceration
and fixation to surrounding tissues are the mamn factors to be considered in any
assessment of the degree of malignancy Bropsy of a lesion suspected chnically of
being mahgnant will probably reveal histol 1 evid of lasia not usually
seen 1n the small sub I type of rectal d

A study of the St Mark s Hospital sertes showed that there are 3 histological
types of rectal carcainoid (1) the type which has the histological appearances of
carcinotd of the 1leo caecal region and shows the typical cytoplasmic granules
after treatment with the silver imp and Diazo —these tumours
may be called true carcinoids (2) the atypical caremond of the rectum which
does not show granules and has a distirictive histological appearance of its own
and (3) the tumours with some of the histological appearances of both these
types but m which ontya mmonty of the tumour cells show cytoplasmic granules

Toe out of the 21 cases i the St Mark s Hospital series were  true  carcinolds

They presented as small submucosal nodules and were Tistologscally 1dentrcal
with carcinoid of the 1leo caecal type Fourteen cases showed the appearances of
the atypical form of rectal carcinord Treatment with the silver mpregnation
and Diazo techmques fled to reveal any cytoplasmic granules These cases had 2
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ting histologieal appearance (Fig 35) the cells were small very regular in
Sl:sapec:r:; slze,_'mg rmmsr:}: were dugicull to find They formed sohd elumps which
resembled those seen 1 ileo caecal carcinord but most of the tumour cells were
arranged m an adenomatous pattern Some of the cases showed ribbon like
festoons of columnar and prismatic cells as described by Stout (1942)

T recent years many Such tumours both clinically benign and malignant have
been reported in the American literature Lastly there were 2 tumours which had
some of the histological appearances of both the true and the atypical forms
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of rectal carcinord but 1n which only a mmonty of the tumour cells showed
cvtoplasmic granules The first of these cases presented as a small submucosal
nodule Tubule formatton was more pronounced than 1s usually seen 1n 1leo
caeca] carcinoid and granules were present in only a very few of the tumour cells
The second case was the metastasizing carcinord of the rectum reported elsewhere
(Gabriel and Morson 1956} and referred to earlier Histological examination of
this tumour revealed granules typical of aleo caecal carcinoid 1n a minority of the
malignant cells Further there was a tendency to tubule formation 1 some areas
with the secretion of small amounts of mucus Other parts of the tumour showed
clumps and nbbons of cells which resembled the appearances of the atypical
form of rectal carcinord
The histology of these two cases suggests that the true and atyprcal forms
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of rectal carcinoid are closely related and that transitional forms may oceur
Rigdon and Fletcher (1946) reported a case of multiple carcinords of the rectum
which showed an atypical histological picture but cytoplasmic granules were
present tn some of the tumour cells

The histology of the atypical form of rectal carcinoid and the absence of cyto
plasmic granules suggests that their histogenesis 1s different from the conyentional
or true type of carcinoid tumour Three types of cell may be found at the base
of the crypts of Lieberkiifin in the fectal mucosa Furst there are Rultschitzky cells
with their infranuclear granules Secondly Paneth cells may be seen but these are
often absent Thirdly there are low columnar cells which are non granular and
usually non secretory although occasionally small droplets of mucus may be seen
mn therr cytoplasm The presence of these droplets mndicates that some of these
stmple columnar cells may develop into mature goblet cells

The onigin of the true type of carcinoid from the Kultschitzky cells cannot be
disputed Tumours of Paneth cells have never been described It 1s suggested that
the group of afypicdl™ réctal carcinoids are a neoplastic proliferation of the non
ﬁﬁgmh‘m_n'@mﬂsi the base of the crypts of Licberkuhn All the
three types of basal cell in the rectal mucosa together withtle matiiré goblet cell
are derived from a common entodermal stem cell. This common origin accounts
for the varying histological appearances seen in rectal carcinords Stout (1942)
says that the afypical or non granular form of rectal carcinoid s derived from
Kulischitzky cells 1n an early stage of differentiation and before they have acquired
the ability to_produce granules He states that the festoons of columnar cells
Sharactersstic of these Pp the shape of col crypt cells
Stout s undifferentiated cells are probably identical with the non granular and non
secretory basal cells referred to above It 1s also posstble that this cell 1s the adult
form of the onginal entodermal stem cell and 1s therefore capable of differentiating
mto a Kultschitzky Paneth or goblet cell However 1t 1s a curtous fact that no
carcinotd tumours of the atypical form seen in the rectum have been reported 1n
the small mtestine ot colon It 1s possible that some of the carcinomas of the
testine and rectum previously reported as_ anaplastic or carcinoma smplex
are undifferentrated forms of the atyprcal carcinoid ~ ~ -
“"No case has yet been reported of a metastasizing carcnoid of the rectum show
1ng clntcal lons such ag, s flust iarchoea, due to the
secretion of excessive amounts of 5 hydroxytryptamme Uflne tests for 5 HIAA
“Wwere performed_both before and after removal of the prifiary prowlli on {RE oaly
case of metastasizing carcinord seen at St Mark s Hosprtal but the levels have
been within normal limits on every occasion This case showed cytoplasmic
granules 1n only a few of the tumour cells It 1s possible that the level of urmary
5 HIAA 1s raised only 1n the ileo caecal or true type of carcinord which shows
a greater density of granulanty On the other hand at least 2 cases have been
reported as carcinoid with clinical fe i which cytopl granules
could not be demonstrated (Snow et al 1955 Duncanetal 1955)
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CHAPTER 7

PEUTZ JEGHERS SYNDROME
THoMAs L DoRMANDY

INTRODUCTION

IN these days of mass spectrography and paper colonmetry Ravitch has
recently remarked 1t 1s mice to find a conditton which one can diagnose from
across the end of the ward It 1s perhaps equallv remarkable that this condition—
familial gastro intesunal polyposts assoctated with a distinctise kind of muco-
cutaneous pigmentation—has become generally recogmzed only during the past
6 years and that during this relatively brief period more than 100 cases have been
reported Though an accurate estimate of the syndrome s frequency s still im
posstble the fact that obseners aware of its existence frequently come across
more than one affected family suggests that it may be at least as common as
familial polyposts of the colon A roughlv comparable mutation rate would rep-
resent about 15 new cases born to healthy parents each year in Great Bntan
and 1n view of the high mortality 1n tnfancy and childhood reported n the past
advances 1n t and ncreased chances of p hood may lead to a steady
Tise tn ats incidence

HISTORICAL

In 1896 Sir Jonathan Hutchinson described twin girls aged 12 years who had a
pecultar spotty pigmentation around therr mouths and brown patches on their buccal
mucosa That these spots are not in any active sense pathological we may safely
assume wrote Sir Jonathan  for they remam non aggressive and their subjects remain
m good health  In 1919 1n a follow up study of the twins Parkes Weber recorded that
one of the twins had died 11 years later after an operation for intussusception The
famual hink ketween Hutch s and gastro ! was
not recognized however for another 2 years when Peutz of The Hague described the
propositus of a  fabulous Dutch family (Peutz, 1921 Jeghers et al 1949) This
patent s table aslater by Jeghers covers 3 gencrations with 7
proved cases of the syndrome 1 probable case and 1 with the characteristic pigmenta
tton but no evidence of polyposis Several members of the fanuly had died from in
testinal disease and 2 had suffered from nasal polyps and 1 from bladder polyps also
Peutz s paper aroused ittle mterest until 1949 when Jeghers and his colleagues care
fully reviewed the hiterature gave a masterly account of 10 further cases and diagnosed
several more 1n The 15 therefore ly referred to in the
United States of America and 1n some Continental countrnies—though not :n mono
syllabic France—as Jeghers or Peutz Jeghers syndrome Since then a remarkable
successton of case reports from all parts of the world has shown that no country
age sex or race is immune Tanner (1951) was the first to diagnose the syndrome 1t
Great Britam—though Foster (1944) had previously reported 2 famuhial cases from
ales without fully 1] of the d duning the
past 3 years we ourselves have had the opportunity of myvestigating 21 affected members
1n famibies of English Scottish Hunganian French and Nigenian extraction (Dormandy

1957)

Acompl t bblography fihe dome g th paper
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SMALL INTESTINAL POLYPOSIS

GASTRO INTESTINAL POLYPOSIS

With the increasing recognition of Peutz Jeghers syndrom~ and of gastro intestinal
polyposts the ndnvidual status of the various regional polyposes of the gut may
need reviewing (Following custom rather than classical dernvation the word
polyp 15 used as synonymous with benign adenoma )

In our series there were 6 patients who had had rectal polyps removed in infancy
many years before the onset of small mtestinal colomic or gastric symptoms or
before the diagnosis of gastro intestinal polyposss was suspected Another 2 had
been regarded for more than 20 years as cases of familual polyposis of the colon —
and had been included as such 1n published sen til their small 1
polyps and pigmentatton were discovered shortly before death

That polyposts can spread from the colon to the small intestine or exen skip to
the distant duodenum or stomach had been noted from time to time 1n the past
(Bensaude 1935 Halstead et al 1930 Olson et al 1951 Allen and Seamans
1955 Pollack and Swinton 1955) but whereas the colon readily reveals its polyps
to the endoscopist and the radmlcgm palyps in the stomach may not appear
until muddle hfe and smalt polyposis unless susp d from the accom
‘panying prgmentatton 1s sull poorly recogmzed

One of our patients was labelled a neurotic and sent to a mental home on account
of her bizarre and intractable abdorminal symptoms another was treated for
several years as 2 case of idiopathic lron—deﬁc:cncy anaemia Even without apprect
ating the of the climical picture the past
history of recurrent rectal polypsin chlldhood should have raised the suspicion of
small intestinal polyposis 1n both The reverse error though less common may
have graver consequences In the course of a partial gastrectomy for duodenal
ufcer 1 patient was found to have muluiple jejunal polyps and 2 small adenomasin
his stomach He made an unewcmfu\ POst operative recovery was reported as a

case of small 1 and not investigated any further Three years
later he was readmtted lo hospnal with mmoperable abdominal cancer Necropsy
revealed polyp and mulaple 1n the distal colon

The possibility that even a seemingly solitary polyp (discovered n any part of
the gastro-intestinal tract) may be but a stray or advance member of a far more
widespread disorder must always be borne 1n mind (Figs 40 and 41)

SMALL INTESTINAL POLYPOSIS

Dufficult to visuahize radiologically and supposedly obscure or erratic in its mam
festations polyposis of the small intestine—unlike polyposts of the stomach colon
and rectum—has for long been regarded as 1 surgical curiosity rather than as a
clear cut chmical entity The small mtestine 1s always affected n Peutz Jeghers
syndrome whether by a solitary polyp multtple polyps or diffuse polyposis and
since 1n such cases the diagnosis requires no more elaborate @ manoeuvre than
looking wto 2 pateats mouth s natural hustory and charactenstic chincal
features 1re now begmuing to be recognized
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Progress by segmental spurts

Small intestinal polyposis usually advances by spurts of segmental growth
Periods of quiescence between each spurt may last for many months or years and
when new crops of polyps erupt they are separated from previously involved
segments by varying lengths of apparently normal gut Extensive clearing opera
tions —such as have been carried out 1o forestall complications or for fear of
malignant change—are therefore doomed to failure One of our patients had all
her small intestinal polyps removed n the course of two prophylactic lapar
otomies After protracted convalescence and a 4 year span of freedom from
symptoms first her anaerma then her attacks of pain and borborygmi recurred
At operation (her sixth) 2 it pted jejunal were found both
sprouting, polyps of all shapes and sizes

polypos:s * and change

Senal sections and htstological examination of operation and necropsy spect
mens of small intestine from patients with Peutz Jeghers syndrome may reveal
areas of mucroscopic polyposis  Around most of the major polyps and evenin
segments not adjacent to naked-eye growths we found circumscribed slets of
rcro adenomatosss 1n several of our cases The micro adenomas neither project
nto the lumen of the gut nor do they cause puckening on the peritoneal surface
but embedded in the bowel wall they disrupt the continty of 1ts muscle coat
Some are simple adenomatous vesicles which appear as if they might have grown
down from the lining of the gut (Fig 36) others are more complex adenomatous
nodules which spread from submucosa to subserosa (Figs 37 38) Many show
considerable irregulanity or perhaps immatunity of their acinar cells It 1s probably
this irregulanty together with the apparent mvasion of the deeper layers which
accounts for the frequent reports of malignant change and for the common state
ment that such a change 1s almost or just as hiable to occur in the small gut as
the colon (Jeghersetal 1949 Aird 1952 Mamngot 1955) In fact the jeunum and
tleum are rarely if ever the seat of true carcinomatous degeneration

Spread to lymph nodes or liver from such secondary carcinomas has never been
seen and following up reported cases tn which malignant change had been dragnosed
on the histology of polyps removed at operation we found that the subsequent
progress of the patients invariably cast doubt on the original diagnosts In our

own senes there were 4 1 whom mall had been d d several years
before they came under our care or observation Two remain in excellent health
One had had of the 1leum d d on two 13 and 15 years

before he died of carcinoma of the pancreas The fourth who had been forecast to
have only a few months to live 1 1917 dted in 1956 after a heart attack

‘Whether or not mecro ad are cong 1(as well as determined)
defects of the small intestine 1t 15 hughly improbable that the rrregulanty of their
cells or their mntramural posttion indicates even a border line state between
mnocence and malignancy On the contrary they probably represent an early
perhaps the earhiest stage 1n the development of naked eye polyps When such
polyps give nse to complications and are surgically removed thetr orrgin from the
deeper layers mmparts to the lustological sections a deceptive appearance of
malignant invasion
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Fio 36 —Adenomatous vesicle em
bedded 1n the muscle coat of the gut
from 2 segment of mcropolyposis
(haematoxylin and eosin X 360
reduced by five twelfths 1n reproduc
tion) {(By courtesy of the Editor New
England Journal of Medicine )
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Fios 37 38 —Adenomatous nodule from an area of micropolyposts It showed several
malignant features—nvasion of the deeper layers irregulanty of the acinar arrange
ment hyperchromatic staiming Had these been found m one of the more exuberant
naked-eye polyps xhcy would certainly have led to the diagnosis of carcinomatous

These most of which are invistble to the naked

eye probably represent the earliest s!age n the development of small intestinal polyps

(haematoxylin and eosin X 6 x 90 reduced by one-cighth in reproduction) (By
courtesv of the Editor of Gaslrocnterolugm)

Clinical picture

Small intestinal polyposts 1s not—as 1s often satrd—a  diagnosts by exclusion
nerther should the diagnosis depend on the discovery of prgmented spots
It 13 true that many small intestinal polyps remain silent throughout hfe but
when lhey do give nise m troubl: therr climeal prcture 1s as characteristic as that of
or of The common underlying pathology 1s a
succ:sslon of transient enteric intussusceptions These have little in common with
the classical idiopathic intussusception of 1nfants or with the secondary colonic
mtussusception of the elderly Whether they are caused by polyps telescoping
one segment of gut 1nto the subjacent one (Raiford 1932) by spasmodic inco
ordinated contractions of the bowel around the polyps (Wardlll 1925) or n
gly normal areas of by abnormal pert
static waves (Dubourg et al 1952} the overwhelming m:uomy undergo spontan
eous reduction Though they always recur—harassing some patients for years—
and though dramaticin. th:\x symp\omamlagy they rarely lead to complete obstruc
tion and only or
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PEUTZ JEGHERS SYNDROME

Colie or wind pam

The patient s chief complaint 1s attacks of green apple type of colic or wind
pain  Brief but frequent waves pursue an unpredictable and agomzing tortuous
course striking anywhere 1n the 1bdomen often with clock like regulanty 10-15
munutes after getting out of bed or after meals They rarely wake the patient at
might Duning the attacks which do not usually last for more than a few mnttes
the patients can often feel a gurghng lump or several lumps moving about
stnuouslyintheir abdomens  Iike a ball rolling to nd fro as one of them described
1t The end s frequently heralded by the passage of abundant flatus

Borborygmt

Borborygmi may be a promunent and distressing feature and an undeservedly
neglected symptom even between attacks of pain Jeghers mentions that 1n one of
his cases they were audible across the ward

In one of our patients a young man aged 16 years the sudden onset of frequent
explosive rumblings from the pit of his stomach were the presenting complaint
In the absence of pain bowel and radiol 1 evidence of polyp we
took no notice of this (despite the positive famuly history) only to be confronted with
him now an acute abdommal emergency 9 months later His elder brother found the
nidicule to which they exposed him more difficult to endure than his itractable con
stipation or his attacks of pain And far from ponting to the correct diagnosis the

mysterious noises which emanated from another patient a woman aged 30 years
finally convinced her doctors that she was a neurotic

Diet alkalts and routine analgesics have no effect on the symptoms but self
induced vomiting bending down doubling up rolling about on the floor other
bodily contortions or even simple abdonmunal pressure may quite regularly cut
short the attacks It 1s not surprising perhaps that hysteria figures promunently 1n
a wide range of recorded misdiagnoses Barrington Ward (1925) commented on 1
case of small intestinal polyposts that though I have not seen a case before m
which 1t was possible to reduce an intussusception 1n its early stages by simple

p through the abd 1 wall this was done on at least three occa
sions by two different observers  Dr G Barna who looked after one of our patrents
a girl aged 8 years during one of her acute episodes described that as he was
palpating a tender mass 1n her night 1hiac fossa she began to cry and her mother
hurrted 1nto the room

Despite my entreaties she vigorously started to massage her daughter s abdomen

insisting that in the past this had always eased the pams By the time I had succeeded
1n extricating them the previously well defined indeed visible mass had disappeared

He made no secret of fus beltef that the mother had ruptured an wmtra abdonunal

abscess but despite my gloomy prognostications a few munutes fater the patient

passed flatus her pain and vormting subsided and her general condition began to
1mprove visibly

Unflortunately symptoms and signs hase usually disappeared by the time the
patient 1s seen by his doctor or when the fanuly doctor actually witnesses an
attack the mobile noisome lumps which he vividly describes i Ins note to the
hospital have vamished by the time the patient arrives m the casualty department
Lanman (1939) recalls that members of the house staff pointed out somewhat
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caustically that within 24 hours she (a child who had dted from gangrenous
intussusception) had been seen at another hospital and had been discharged with
the statement that nothing was wrong Their tnumph was very short Ived In
going over the old history 1t was found that she had been seen at the Children s
Hospital had been thoroughly examined and nothing was found We even sent
her to the Psychiatric Service as a problem child ~ Though gangrenous ntus
suceptions are fortunately rare the rest of the case history 1s depressingly typical
(Dormandy and Edwards 1956) There 1s no other abdominal condition which
presents with such ephemeral symptoms and signs but plus ca change plus ¢ est
la meme chose this in itself must be the clue to the dragnosis

Investigations
Radiographs

Chinical of small polyposts 1s the more important because
radrology 1s so rarely helpful Several more or less elaborate techniques have been
described to aid visualization {(Golden 1945 Hodes and Edetken 1949 Manteau
1952 Dedick and Collins 1953 Shell 1956) but 1t 1s fair to say that posttive
results always require a high degree of suspicion on the climcian s part and un
common patience and persistence from the radiologist The small diluted barium
meal (not more than 4 ounces) with frequent films and screemng 1s then as hikely
to produce evidence of polyps as small bowel enemas or the 1ntravenous admini
stration of drugs (Fig 39) Delay in the passage of bartum  smears left behind
rregular patterns of retained banum or shadows cast by the pedicles may all
arrest the t‘pﬂ'l s attention

Endoscopy and sigmodoscopy

Endoscopy can be performed only at operation but 1t 1s then a valuable pro
cedure It 15 notoriously easy to muss small soft polyps 1n the smail intestine
especially 1n the jejunum A child s sigmordoscope on the other hand can easily
be tntroduced through a small enterotomy near the duodeno Jejunal flexure and
the whole small gut can be run concertina wise on to its sheath Circumscribed
areas of early polyposis may thus be detected
Haemoglobn estimations

Haemoglobin estimations will often reveal quite a severe degree of hypochromic
anaemia even 1n the absence of observed bleeding From bemign adenomas such

occult blood loss 1s far more common than acute massive haemorrhage (River
etal 1956)

PIGMENTATION
The pigmentation has a strrking but inconstant cutaneous and an elusive but
1stic mucosal The skin

consists of tmy clearly
demarcated dark brown or black macules which are grouped around the orifices

of the face—the mouth the nostrils and the eyes (Fig 42) They are neither
elevated hairy tender nor vascular and therr number vanes from 1 or 2 to
several hundred Kettron described  vertical bands  a charactenistic microscopic
distnibution of the melamn particies (Jeghers et al  1949) but though we have
performed biopsies on several mucosal and cutaneous spots hike Troxell (1954)
we have been unable to detect their presence in our own cases The palms
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FiG 39 —This patient unlike most had
only mild symptoms from polyps
which gave nise to dramatic radio
logical appearances Segments of
small gut could be seen intussuscept
g and undergomg spontancous re
duction on the xray screen and
an almost Van Goghian effect was
achieved by segmental spasms of the
bowel around the growths

FIG 40 —Multtple  polyps 1 the
stomach made obvious by gentle pres
sure on the fundus Pressure on the
distal half and pictures taken after
the bulk of the barium had passed on
showed that the whole stomach was
mvolved The patient aged 25 years
had no gastnc symptoms though
frequent attacks of colic suggesting
small mtestinal polyposis occurred
these failed to show radiologically
laparotomy revealed a segment of
ileum studded with polyps

FiG 41 —Symptomless polyps i the
colon of 2 man aged 21 years who had
recurrent episodes of small intestinal
intussusceptions Several members of
his famuly—known cases of small
mntestinal polyposis—had died from
malignant change in unsuspected
polyps of the colon or rectum
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and fingers are a not wfrequent site for spots (Fig 44) and the toes and soles
oceastonally carry a few Thete 1s no general increase n skin pigraentation and
none of the addisoman darkening of scars creases and the normally pigmented
parts of the body Connor (1895) presenting the Hutchipson twms 1o the
Assculapian Soniety of London commented on thetr dark compleusn and
Jeghers vt al {1949) Tanner {1951) and others have noted that all previously
reported cases had been dark hasred and of a dark completion it s now apparent

¥iG 42 —Pigroented spots on the hps
face and nasal vestibules No sigm
ficamce was atnbuted to these for
many years despste chronse digestive
symptoms They were fater attributed
to Addison s disease and advanced
hepatic ewrhosts Fic 43 —Buccat

pigmentation  the sz
quq nen of Peutz Jephers syndrome
{By courtesy of the Editor of Gastro
enteroloma )

Fic 44 —Pigmented spots
on the palms and
fingers There was also
casly clubbinp  which
seems to be a frequent
though nconstant
as8o01atson (B coirtesy
of the Editor of Gastro-
enterologa )
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polyps of the colon or rectum



MANAGEMENT

polyps were present in a member of another famuly described by Hafter (1954) and 1n
1 of our own patients (who alvo had a crop of bronchial adenomas) such widespread
polyposis 1s probably uncommon

Sheletal and cutaneous defects

Clubbing on the other hand seems to be a real though mconstant asseciation
{Ravitch 1948 Jeghers et al 1939 Dormandy 1957) and well marked scoliosis was
noted by Tanner and m 4 of our patients Famubal soft tissue and bony tumours
multiple and lasia have been described both with
famuliat polyposis of the colon (Beusu-ide 1935 Gardner and Richards 1953 Oldfield
1954 Weiner and Cooper 1955 Zanca 1956) and with gastro ntestinal polyposis
{Devic and Bussy 1912 Cabot 1935} and 1 of our patients with Peutz Jeghers
syndrome had bilateral tibal exostoses It 1s unlikely that the fortutous mutatron of the
two donunant genes 1s responsible for such combnations and gene modifiers would
have aconstant effect within § famuly The syndromes are almost certamnly true breeding
variations such as occur 1n several other rare conditions (for example pachyonychta
congemta) Such diseases tend to c¢rop up in new famulies with addstional abnormal
features constantly being added to existing ones

‘Visceral disease

Congemtal heart disease which was found at necropsy m one of Jeghers and one
of our own cases may reflect a general lowering of the threshold of phenotypic expres
sion which 1s not unusual mn genetic disorders Two of our patients also had large
pert vaterian ducdenal diverticula | had extensive Jejunal and sleal diverticulosis and
3 had colome diverticutosis or diverticuhiis
Retarded development

Retarded development and lateness of maturity have been reported or mmplied n a
number of cases (Niemack 190. Mandillon and Georget 1935 Jehers et al 1949
Hillumand et a1 1952 Kaplan and Feuchtwanger 1953) but severe mon deficiency
anaemia so frequently complicates polyposis that even without a history of frank
bleeding 1t 15 hard to exclude occult blood loss as an intermediate cause
Orarian abpormahty

In a surprisnely hagh proportion of cases some ovanan abnormality has been
found either at operation or at necropsy The lesions have been mostly multiple stmple
cysts but large soltary and a vanety of tumours have occa
stonally been found (Duvic and Bussy 1912 Dickson 1943 Jeghersetal 1949 Tseng
and Braunstern 1954 Berkowiz et at 1955 Dormandy 1957)

MANAGEMENT
Unlike polyposts of the colon—whsch must always be e'(cludtd or treated on 1ts
own merit—small I polyp 1s neither

surgery
DOT TeqUIres 1t

The symptomless patrent

At the nisk of cancerophobia (by no means remote on account of the frequently
posttive family history) patients with pigmentation must be told that even though
they have no symploms they are potential carriers of small intestinal polyps
Many and masions could have been avoided
1f 1n strange casually departments as acute abdominal emergencies they could
have given this mformation to the surgical registrar on call Children with pig
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that the syndrome quite frequently affects fair haired and light skinned people
but 1t would scem that the spots especially the cutancous ones are less prominent
1n such ctses

The cutancous pigmentation usully appears at birth or 1n infancy and often
begins to fade at about the ime of puberty Not uncommonly by the ape when
sml intestinal polyps tend to be at their most turbulent—the second and third
decades—the spols on the face have disappeared completely or have become so
sparse and pale that they are easily buried under 1 coat of face powder and lip
stick By contrast the | 10n persists th hout hfe and Jeghers
therefore regards it as the sme qua non of the syndrome The buccal mucosa 1s
wnys affected (though not the tongue) occastonally the palate the fauces the
nasal vestibules and the conjunctivas (Fig 43) The mucosal pigmentatton 1s more
blotchy and lighter in shade than the cutancous macules and 1t 1s all too frequently
mssed (Whereas looking at the patient s face and protruded tongue 1s one of the
most pnmutive surgcal reflexes careful search of the inside of the mouth especially
when faced with an 1cute abdomunal emergency 1s often omitted ) Nesther the
mtestinl mucosa nor the polyps themselves are prigmented

HEREDITY

The syndrome 1s inhented through a mendehian dominant gene of high penetrance
a pattern of inhenitance similar to that of famihal polyposis of the colon Because
of the earlier onset of complications and dimintshed chances of parenthood how
cver the fitness value of Peutz Jeghers syndrome had probably been far lower
m the past and it 1s le to assume 1 correspondinely higher
rite Whether a smgle gene 1s responsible for the two diffrent manifestations
pigmentation and polyposis or two closely linked genes mutate synchronously
there are certamnly no grounds for bulieving that the piamentatton 1s mn any way
sccondary to gastro intestinal dysfunction (Bradford and Danzie 1950) Pigmenta
tion of the skin and mucous membranes 1s an occastonal feiture of many digestive
disorders 1nd deficiency states—coeliac disease the sprue syndrome ankylosto
muasis schistosomrasis pastro-colic fistulas carcinomatosis Whipple s disease
and permicious anaemia—and has indeed been deseribed with other ectodermal
defects as a dary festation of gastro I polyp (Cronkhite
and Canada 1956) but both the character and the distributton of such secondary
pigmentation are quite unlike the scattered macules of this syndrome

The extent of the pigmentation in the Peutz Jeghers syndrome bears no relation
ship to the severity of the gastro intestinal symptoms 1ndeed several members of
affected families may have striking prgmentation and stll remain free from ntes
tinal symptoms throughout Iife

The h spots are Ily seen without polyposis or a posittve
family lustory perhaps as a result of sporadic muttion and 1ncomplete penctrance
of the peccant gene or i patients who harbour microscopic but no niked eye

polyps

ASSOCIATED ABNORMALITIES
W idespread polyposis
Peutz referred to his syndrome as  visceral polyposts because 3 members of hus
patient s farmly had bladder and nasal as well as gastro intestinal polyps Though bladder
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PEUTZ JEGHERS SYNDROME

servatve Tt 15 better to remove a palyp than to resect 2 sepraent and 1t ts better
to resect several segments than (o fry to save time rather than gut by removing
varying lengths of nosmal intestiee between two diseased areas

Polyposts 31 the small bowel should always be regarded as a potentially pro
gressive disorder which may eventually svohve sts whole length and however
much patient and surgeon may deplore repeated mbbling operations they are
preterable to a state where no small gut is left to be nibbled anay
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PEUTZ JEGHERS SYNDROME

mentation should also have periodic haemoglobin estimations though 1t 15 un
Justifiable to subject them to repeated barium studies

Genetic advice depends so much on the individual s sense of values that 1t 15 not
a question on which one can dogmatize Since the syndrome does not skip genera
tions members of affected familics who have no pigmentation can be told that
they and their children are highly unlikely to suffer from polyposis The descen
dants of those with pigmentatton have a 50 per cent chance of being afflicted
but 1t 1s reasonable to say that the disorder 15 a small hazard to life so long as they
Iive within the reach of good surgical care From the eugenic point of view the
syndrome can never be out bred because of the constant if not increasing
mutation rate and 1t ts therefore quite unjustifiable to recommend childlessness
An affected person with unusual abilihes can be expected 1o have offspring of
greater value to the commumty than the average person with immaculate lips
and at present the mnonity of patients who ask for genetic advice are those whose
mtelligence and sense of social responsibility 1s a trait that far outweighs a few
polyps

The chranic case

The patient with mnfrequent or mild attacks must realize that a permanent cure
cannot be assured even if all polyps present at any one time are removed On the
other hand operation may bring relief for many years and possibly for hfe and
carrtes only a shght nsk Chromic blood loss should certainly not be altowed to
suck out a child s vitality even 1f unattended by pain nor should adult pauents
be allowed to drift into a state of morbid preoccupation with their bowels or be
labelled neurotics 1f loud borborygmi turn them into social musfits For mild
symptoms however they themselves are more Likely to discover some homely
measure of relief than their doctors

The acute episode
Acute attacks are rrely acute 1n the sense that they require an emergency
operation  Small intestinal intussusception need not conjure up the tmage of

4 lation and g (though of course these complicatrons
must be watched for) Antisp dics and especially repeated enemas will often
termunate the attack and allow the operation to be performed as an elecine

procedure

Not only are patience and judgment apt to be lacking when surgery 15 under
taken as a hife saving measure but polyps 1n the stomach and colon which should
influence both pre operative preparation and the scope of the operation often
elude the most sensitive fingers at laparotomy With the drip and suck con
servative régime however 1t 1s important to remember that intestinal tubcs will

not only thread their way through lete enteric mnt {Amesur
1953) but 1t 1s possible that they may even sumulate rregular peristalsis and
other to int

Elective procedures
Though hard and fast rules cannot be laxd down for a disease so diverse 101ts
mamifestations the surgeon s attitude to small intestinal polyposis must be con
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GROSS DEFORMITIES OF THE

STOMACH

P s g
A
o
¥

FiG 45 —Maleaged 81 years Syears abdominal pain smmedsately after meals Barummeal

1245

5456 Volvulusof stornach onts long axis duodenal and jejunal diverticulae present

FiG 46 —Maleaged63years milddyspepsia
for 5 years severe pain for 6 months
Banum meal 25651 Moderate sized
gastric ulcer just below angulus with
shortening of lesser curvature diverts
culum 1n the upper part of the body of the
stomach

FIG 47 —Femalc aged 80 years dyspepsta
tor 30 years 9 haematercses 4 tn one
year Battummeal 17 4 47 Gross shorten
ing of Jesser curvature Gastric ulcer
with pyloric canal opemng from 1t Large
gastric sump hour glass contraction of
the B type
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CHAPTFR 8

RADIOI OGY OF THF STOMACH DUODENUM PANCREAS
AND SMALL INTFSTINF

F Pycorr

1 ra i graph 15 a rece rd of the picture at one gen momient onh whereas the diagnisis
ssmad anlcan onhy be mad by @ serios < f patunt obseranont mad ot tntervals
A E Barcrav

INTRODUCTION

THE purpose of this chapter 1s 1o discuss briefly the radiological aspect of some of
the important d 1 the h small bowe! and pancreas
which in the quthor s opinton give d dagnostic difficul

Radtologicl abnorm wities of form or function 1n the ahmentary trict are often
capable of 1lternatise explanation in terms of pathology and 1t may not be possible
to be certain of the nature of a clearly demonstrated gross leston on radiological
grounds 1lone It 15 therefore of the utmost importance that an accurate chtmeal
history nd 4l ancillary information should be vvaslable fully to the radiologist
nd tht these should be given his consideration when an ex imination 1s performed
and subsequently at the ttme ol reporting Nevertheless it 1s a mistake for the
radiologist to be biased strongly by the chimical information and so to twist the
nterpretatton of s findings to conform to a preconcened diagnostic posstbity
It 1s equAlly « mustake for the clinician to deny ny relevance to definite radiologreal
evidence of 1n abnormality beciuse its probable cause would not appear to fit
in with his own concept of the nature of the condiion present Symploms n
gastro enterological cases may be fur from clearly defined and the difficulties m
dingnosis ncrease the r bility of the cl and the radiolognst at Is
essentinl that they confer freely and that they respect each other s opinton while
mutully recogmzing their fallibihity

GROSS DEFORMITIES OF THE STOMACH

Deformities of the stomach {Figs 45-47) may be described as rotationil ntnnst
or extrinsic or a combmation of these When the detormty 15 gross radiological
examni1on can be extremely difficult

Rotational deformuty

Rotational deformity due to twisting on the long axts of the stomach results 1
varying degrees of cascade stomach from the simple symptomless cup and spill type to
the extreme so called volvulus of the stomach issocrated with symptoms of aero
gastrigue blogue (Roussel 1952) Rotation on the short axis of the stomach 1s most
often encountered 1 large para oesophagel hernias of the rolling type and dds
greatly to the task of demonstrating an unassociated lesion especially when this
s situated near the area of maximum distortion However one of the features of
rotational defornuty 15 11s 1nconstancy and an ulcer or other lesion m1y be shown
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GIANT PEPTIC ULCERS

neoplasia 1 gastnc ulceration has vared m the opimon of different observers
MacCarty (1940) 1n hus Carman lecture stated that 90 per cent of all chronic
gastric ulcers over 25 centimetres in djameter are neoplastic though in actual
figures he produced only 14 5 per cent of these large ulcers were shown to be so
histologically His optnion has been widely quoted A number of reported series
now indtcate that this opimion was incorrect Ledoux Lebard et al (1945) reported
that 24 of 28 ulcers over 3 centimetres 1 diameter were bemgn  Russell et al
{1948) that 26 of 35 ulcers over 2 5 centimetres were benign on section and Shad a
medical follow up of more than 5 years Stevenson and Yatse (1949) that 18 of
20 ulcers over 2 centimetres 1n drameter were simple Lumsden (1951) reported
that 11 out of 15 ulcers 3 centimetres n drameter or over were benign and Jennungs
and Richardson (1954) m an excellent paper discuss the diagnostic problems and
report a simlar experience

Kirsh (1955) reviewed a series of 120 simple and 22 malignant ulcers of the
stomach d d at routine and observed that 72 per cent of
ulcers over 2 5 centimetres were simple but that 41 per cent of the neoplastic ulcers
were of this size Lloyd and Morris (1956) had enly 3 cases of giant ulcer 1n thewr
sertes of 23 patsents with neoplastic ulcer Bulle and Romcke (1949) however had
15 les of it ulcer 25 or over in diameter 1n 26 cases
where the ulcer had ongially been thought to be benign 1n a series of 908 gastric
ulcer patients treated 1n the medical department

Personal and fair on the hished serses lead one to the
opinion that the possibility of a large ulcer bemng simple or neoplastic rests not on
1ts size but on features dent of 1t These d hing features may some

times be more difficult to demonstrate or to mterpret owing to the size of the lesion
The difficulty of distinction 15 not confined to the radwlogist and at operation
some of these ulcers may be regarded as inoperable cancers on account of theiwr
appearance and the presence of glandular enlargement and mesenteric nfiltration
may confitm thus diagnostic error Ledoux Lebard et al (1945) have referred to
these ulcers happily as the pseudo tumerale group

Duodenal

Most ulcers i the duodenum are less than 1 centimetre m diameter but cases of
gant uleer occur and may cause gross error m diagnosis unless the possibility 1s
kept m mmnd These giant ulcers may be so large as to replace the duodenal cap
entirely and the crater may be mustaken for it (Fig 48)

The relatively few of grant d uleer reported nearly all indicate
diagnostic errors due to lack of of the radiol 1 app
Brdiczha (1931) reported 3 cases Knutsson (1932) reported 3 sumple giant ulcers
and 1 neoplastic ulcer mthe duodenum none of these was diagnosed radioloically

Freedman and Goehrmg (1940) considening diagnostc errors 1n ulcerative
lesions of the stomach and duodenum reported 2 cases They remark that the
uicer 15 easily mmistaken for a normal or slightly abnormal bulb and mn 1 of therr
cases this error was made they further state that there 1s no mucosal pattern and
the whole ulcer fills suddenly 2nd 15 unchangeable 1n form The pars superior of the
duodenum may be constricted distal to the ulcer which 1s more spherical than the
normal cap and retains barium persistently Ethin (1941) reported simgle case 1n
which repeated barium exammations had been negative and the patient was even
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much more easily at a second exrminatton than at the pumary examination a few
days earlier

Intrinsic deformity

Deformities of the stomach from intrinsic causes present radiologically as
contractions of the whole or part of the stomach or as rrregularties of its lumen
Uniform contraction of the whole or part of the stomach 1s almost synonymous
with neoplasm though occasionally dense per gastric adhesions of an mflam
matory nature may simulate a local nfiltrative lesion Axial contraction most
marked on the lesser curvature 1s duc as a rule to old standing gastric ulceration
n the angulus area of the muddle third of the lesser curve Cases reported by
Hinds and kemp Harper (1952) 1llustrate how 1n this type of deformuty the pylorus
1s drawn up towards or even into the gastric ulcer crater and that a deep incisura
may be produced in the greater curvature of the pylonc antrum Severe contrac
tion of the lesser curve results 1n the dependent part of the body of the stomach
forming a sump which cannot empty 1ts contents A simular appearance of gross
shortenung of the lesser curvature may occur with neoplastic ulceration 1n this
regton

Intrinsic contraction transverse to the axis of the stomach produces the hour
glass type of deformity When simple 1n nature this 1s of the B type (Buckstemn
1953) The contraction 1s almost entirely from the greater curve towards the
lesser and the space between the upper and lower sacs 1s at its narrowest fot
more than twice the thickness of the normal stomach wall In the neoplastic hour
glass the contraction may be deceptively smooth but both curvatures are displaced
towards each other and the narrowest part of the intervening space between the
sacs 15 greater than twice the thickness of the normal stomach wall

Irregularities of the gastric lumen may be due to local neoplastic involvement to
projection of hypertrophied gastric folds or to the presence of simple tumours of
the h wall Grossly hypertrophied gastric folds may simulate an encephaloid
carcinoma or lymphoma A smoothly outhned polypo:dal encephaloid carcinoma
n the fundus may resemble a lelomyoma but the carcinoma usually shelves in
more gradually mto the adacent part of the stomach and the transitton 1s not as
abrupt as in the simple tumour

Extrinsic deformty

Deformuties of the stomach due to extrinstc pressure may be due to enlargement
of any abdomunal organ and the study of the direction of displacement may give
valuable help in the search for the primary lesion

GIANT PEPTIC ULCERS

Gastric
An elderly person 1s often referred for barium meal examination with a history of
a few months or weeks epigastnic discomfort or pamn anorexia loss of weight
and secondary anaemua and the provisional chinical diagnosis of carcinoma of the
stomach The exammation may show a large gastric ulcer with a crater over I inch
1n diameter

The significance to be attached to the size of the crater as an indication of
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important to recognize that a large ulcer 15 present than it 1s {0 be certan of 1ts
site since many of these patients die of haemorrhage unless a positive diagnosts
1s made Surgeial exploration may not prowid. conclusive evidence of the mature
of the ulcer and this may be shown only histologically

RADIOLOGICAL DIAGNOSIS OF DUODENAL ULCER

The radiological demonstration of evidence of a duodenal uleer may be a matter of
real difficulty and repeated banium meal examinations may have fatled to reveal 1t
(Fg 49) though the patsent s later history may fully confirm its existence
Plethonic patients

Most trouble 1s encountered 1n plethoric persons m whom the duodenal cap 15
often situated behind the pyloric antrum and directed backwards With the patient
i the erect position the first part of the duodenum may never b. completely
outlined though the stomach 1s emptying rapidly Tt 1s essential in such cases to
make free use of the supine and prone rotated projections Gas rehef filling of
the duodenal cap by the method of
Hampton (1937) 1s valuable and this
has been confirmed by many ncluding
Meyer (1952) and Hinkel and Moller

Fi6 49 —Male aged 52 years 7 years

Fi6 50 —Male aged 63

years 10

dyspepsta with pamn not related to meals
Pain gong into back unrelieved by
food Three barium meals negative and
gall bladder removed at laparotomy
3 years ago No relief of symptoms
Banum meal 23 11 53 Duodenal cap
not deformed but ulcer shown through
the empty pyloric antrum in the pos
terior wall of the post bulbar region
Laparotomy 1 12 53 confirmed site of
ulcer which was penetrating pancreas

years dyspeps:a with pain after
meals and recent melaena Barium

meal 10355 Large post bulbar
ulcer on the medial wall of the
upper part of the descending
duodenum with some associated
constriction of the lumen Examna
tion repeated on 18455 Ulcer
much smaller No operation
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regarded s msane by hus wife and neurotic by is physicians Autopsy following
severe haematemesis and melaenn revealed a duodenaf ulcer 5 ¥ 3 centimetres 1n
size Evashwick (1951) reported a similar error demonstrated by autopsy following
a severe haematemesis—the ulcer wis 6 X S centimetres 1n size

Bultock and Snyder (1952) reported the casc of 1 man aged 66 years diagnosed
radiologicnlly At operation 1 stony hard mass nvolved the distal stomach and
upper duodenum  the pylorus could not be recogmzed and the trinsverse colon
w1s adherent to the mass A block dissection with partial gastrectomy partial
pancreatectomy 1nd colonic resection was performed on the assumption that the

"y . - g&i’

FIG 48 —Male aged 58 years 10 years dyspepsia with pain Recent vomuting with
weight loss Barium meal 8 3 56 Very large duodenal ulcer replacing the cap
Laparotomy 28 3 56 Large duodenal ulcer adherent to pancreas and liver

condtion was neoplastic The appearance of the mucosa round the ulcer n the
excised specimen suggested that 1t was gastric and not duodenal Histology con
firmed the radiological optnon that the ulcer was i fact duodenal

The margn of the crater n these large ulcers may be so firm and broad that it
produces a broad corona round the ulcer which cuts 1t off from the descending
part of the duodenum and makes a smooth indentation in the pyloric end of the
stomach most marked 1 the lesser curve side A persistent gas bubble may be
present m the empty duodenal cap area as noted by Evashwick (1951)

The presence of a recognizably normal duodenal cap beyond a large pyloric
gastric ulcer is a most valuable feature 1n distngwshing 1t from a giant duodenal
ulcer unfortunately 1t 15 not always easy to demonstrate this satisfactonily 1t1s
1nevitable that mustakes of radiological location wall occur but 1t 15 far more
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ATYPICAL DEFORMITIES OF THE PYLORIC ANTRUM

mspected and palpated and frozen sections made If the lesion 1s still questionable
the antrum should be resected
Radiologically these atypical deformuties of the antrum may be irregular or
comcal in shape(Fig 51) thedeg f the: may b ly constant dunng
the examination or 1t may vary though a of
There may be local irregulanties m outline as well as a more umform constriction
The antrum or a part of 1t may remain so contracted during the barium meal
that 1t 15 to observe any penstalsis i the area or to
demonstrate effectively any mucosal pattern In spite of gross antral contraction

Fic 51 —Female aged 74 years 2
years vormtng flud 1 year of
anorewia and epigastc  pam
Banum meal 31354 Seral of
antral region top row before
intravenous morphme 01 grain
bottom row after morphine Con
stant constriction 1n the provemal
antrum with shallow recessed ulcer
on the lesser curve at the constric
tion Distalantrum irmitable and
difficult to fill before morphine was
given but was shown to be nor
mal afterwards Diagnosis—antral
ulcer of uncertawn nature Later ex
aminattons showed no real change
but final decision probably neo-
plastic Laparotomy 20 10 54 Pre
pyloric ulcer apparently bemgn
Small glands present Partial gas
trectomy Section of glands showed
no evidence of growth Section of
the ulcer Bemign gastrtc ulcer but
carcmoma i siu at one edge of
the ulcer Progress 9456 losing
weight and poor appetite

there may be no evidence of pylonic obstruction Ingersoll (1952) has nghtly
stressed the importance of using all labl t Tud; H: s
manoewvre 1 the examunation of the antrum Intravenous morphine 0 1 grain as
suggested by Stossel (1953) may be valuable 1n relaxing areas of spasm and by
ncreasing the depth of the penstaltic contracttons may show areas of organic
wregulanty constriction  or non-contraction 1a relief Pylonic relaxation also
occurs and the rate of gastric emptying 1s increased an effect which 1s sometimes
useful 1n studying duodenal lestons The rapidity of the morphmne effect makes its
practical value all the greater since 1t can be used directly after all available
information has been obtamned by routine methods and the entire examination
can be completed 1n one sesston At times  further nformation can be obtained by
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(1956) It 1s also useful to record the appearances of the duodenal cap area
through or just above the almost empty pyloric antrum with the patient in the
supine position and rotated to the right

Post bulbar duodenal ulcers

Many small senies of cases of post bulbar duodenal uleer (Fig 50) have been
reported thus Robinson (1934) reported 4 cases Sussman (1935) 8 cases Borman
(1943) 7 cases Ball etal {1948) 6 cases Samuel (1952) 12 cases and Preiskel (1952)
2cases but the condition 1s not rare The ulcer 1s usually situated on the concavity
of the duodenat loop tmmediately beyond the cap and on the posterior wall but
1t may be on the conveuty of the loop or on the anterior wall There may be a
decp notch 1n the duodenal wall opposite to the ulcer crater and even gross
stenosts so severe as to obscure the presence of the ulcer The stenosis may result
n over filling of the duodenal cap duning the barium meal and the normal cap
and the filled pyloric antrum may obscure both the ulcer and the stenosis in several
projections The ulcer 1s often best shown in the prone right anterior obhque
or supine left anterior oblique positions using a small quantity of bartum suspen
ston only In the supine position the ulcer may agamn be best shown through the
gas distended or empty pyloric antrum The value of exaggerated oblique views in
the prone and supine positions has been rightly stressed by Ball et al (1948) and
by Samue! (1952)

The medcal histortes of patients with post bulbar ulcers are often serrous with
repeated bleeds vomuting and severe back pain Persistent ulcer symptoms
negative laparotomies and negative barium meals form almost a dragnostic
trind Graham (1938) referred to them as  occult ulcers and quoted a patient
who had 3 negatnve laparotomes—his experience ts not unique Post bulbar
ulcers may be deeply buried n the head of the pancreas and not easily be scen
palpation such as 1s possible 1n this area 1s often unsuccessful unless persistent
attentton 1s directed to the exact site The value of concentrated radiological
exploration of this region of the duodenum s thus considerable

ATYPICAL DEFORMITIES OF THE PYLORIC ANTRUM

Deformuty of the pyloric antrum may occur with gastric carcinoma with gastric
ulcers situated at or below the angulus or 1n the antrum tself or 1t may be associated
with juxta pyloric duodenal ulcer Extrnsic pressure deformities of the antrum
may accompany pancreatic cysts of tumours or even growths m the transierse
colon extending through the fon to the h or p dh
followmg gall bladder disease may deform 1t (Jenkmson and Hamermk 1948)
1t 15 the atypical deformities of the pyloric antrum for which no obssous reason 1s
evident that present real d y rad My and climcally At
operation the surgeon may be faced by the necessity of making a sertous deciston
on very uncertain grounds when a biopsy may be inadvisable Kennedy (1952)
speaking from s own surgical experience has stressed the rmpossibility on
of dist hing certain y diseases of the stomach from
infiltratmg types of cancer by handling and viewing the surgically removed spect
men Jenkinson (1954) in huis Caldwell lecture says  Opeming the abdomen and
palpating the pylonic antrum 1s not enough The stomach should be opened
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RADIOLOGICAL DIAGNOSIS OF SMALL CARCINOMAS

The plaque has an ncreased nigidity compared with the surrounding stomach
and this may be responsible for typical appearances thus it may preduce a sus
picious straight line effect in part of the smooth curved line of the lesser curvature
or 1f near the greater curvature sn the dependent past of the stomach 1t mav cause
an abrupt flattening of the normal bulge When the plaque 1s situated on the
anterior or posterior wall of the body or antral parts of the stomach an uneven
density 1n the barum shadow may be observed in the filled areas On hight com
pression dunng screen exumination 1t may be easy to see through the filled areas
tn which the plque 1s situated Fundal plaques remote from the cardiac orifice
can be very difficult to detect du¢ to the very wide individual vanations 1 the

F16 52 —Male aged 70
years 1 years loss
of energy and 6
months of eptgastric
discomfort  Barum
meal 31751 Erect
film of barum
filled stomach showed
a  shehtly  wavy
appearance  of the
muddle third of the
fesser curvature not
apparently abnormal
Supme film showed
a plaque of growth
m this area Laparo
tomy delayed unti!
101051 Presence of
growth  confirmed
Total agstrectomy

normal appearance of the gastric fundus In the absence of a hiatus herma or
other cause of deformity of the fundal gas pattern a small and smoothly rounded
fundus should excite attention and everyeffort should be directed to demonsteating
sts distensibility and the character of its mucosal pattern When the cardiac onfice
55 nvolsed at an early stape though the patient may complain of shght or in

constant dysphagia quite thick barium cream may be swallowed with bttle or no
hold up or other abnormality being detected 1t 1s well in these cases to use a solid
or sem sohd core of bread dipped n barium before dismissing the complaint as
magnry 1195 very rare indeed for true dysphagia to have other than an orgamc
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employing gastric nsufflation through 2 Ryle s tube with the stomach contaiming
only 2 small quanuty of moderately thick barium suspension an cxtension of the
Hampton minocuvre

Despite 1l efforts there will remain a group of cases 1n which the nature of the
deformuty remans uncertan A proportion of these will be submutted to laparotomy
and 1n some of them the surpeon will observe some shight thickening of the pylonc
end of the stomach and will regard this as being duc to scarnng from a small
healed ulcer—a proportion of these will be shown histologically to be small
carcinomas  There 1s no doubt that n the absence of clinical indication for
Inparotomy these undingnosed ntral deformuties require very careful radiological
observition and that laparotomy may need to be pressed for 1 the complete
rbsence of confirmatory findings [t 1s 1 mistake to be lulled by lack of gastroscopic
confirmation  positne evidence from this source may be very valuible but
negative evidence may be quite misleading Balint and Slater (1954) reviewing cases
of obscurc ntral deformity have referred to the gastroscopic error of believing
that the whole antrum has been scen when 1n fuct a large part has not McGlone
(1952) has also mentioned the unwarranted sense of security sometimes engendered
by gastroscopy tn some cases of antral disease The radiologst s responsibifity
n the diagnosis of atypical antral deformuty 1s very great and honest doubt as to
the stmphicity of a lesion must be shared freely with clinical colleagues who 1
turn must be prepared equally to accept the possibility of error in any 1ction they
may take

RADIOLOGICAL DIAGNOSIS OF SMALL CARCINOMAS
OF THE STOMACH

Smalt neoplasms of the stomach are often referred to as early ones but this s not
necessanly correct for the mere size of 1 growth 1s not always an indication of 1ts
recent development or of the limitation of 1ts remote extensions (Fig 52)

The panetal plaque

The panetal phque 1 local thickening of the mucosa 1nd submucosa s @
feature of these small neoplasms and the outline of the birum filled stomach 15
locally set back towards the lumen of the viscus by it Mucosal relief ptterns n
the plaque area show erther loss of normal fold pattern or local ngidity of the
rugac Ulceration on the surface of the plaque may occur productng the appear
ances described by Gutmann et al (1939) as the niche en plateau which may be
tikened to the imprint of a comn on a plastic substance a flat shallow uleer with 2
narrow projecting margin If the plaque 1s thicker ulceration on sts surface may
appear as la mche en plateau encastre  a shallow ulcer on the surface of a filling
defect If ulceration progresses so that 1t destroys the central part of the plaque to
a derable extent the of laniched aspect banal encastre follows
and an ulcer simulating a simple gastric ulcer results but fitted into a filling defect
Carman (1921) 1n describing hus classical meniscus sign_ stated that the absence of
a classic projecting miche 15 one of the principal differential characteristics of
malignant ulceratron and that the disintegration of the central portion of the
plaque formed crater surrounded by a ridge of carcinomatous tissue block was
ble for the P
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Pancreatic caleuli

Pancreatic calculi are visible 1n the plan film of the abdomen When they are
numerous the general outline of the gland may be traced as 1t runs from the curve
of the descending part of the duodenal loop upwards and to the left to the hilum
of the spleen This upward inclination 1s steeper than experence in the cadaver
would lead one to expect Bucksten (1953) and Kemp Harper (1949) have illus
trated excellent examples of the condition

Acute pancreatitis

In acute pancreatitis marked swelling of the head of the pancreas may result in
upward displacement of the pyloric end of the stomach and first part of the
duodenum and in stasis 1n the duodenal loop (Case 1940) Poppel (1954) who
has made extensive contributions to the radiological mvestigation of pancreatic
disease states that m relap the duodenal loop may be widened
the mdhne soft tissues d and the duodeno jejunal flexure
displaced downwards He also states that areas of spasm and perstaltic trregulan
ties occur 10 the duodenal loop with coarseming of the feathery jejunal mucosal
pattern and that the definition of the propentoneal fat layer may be decreased
due to oedema of the abdomunal wall Ludin (1952) has illustrated a case of pan
creatitis showing Frostberg s sign

Cysts
Pancreatic cysts produce hly outlmed disp and
alterations in the outlmes of adjacent viscera varying with the site of onigin of the

cyst and 1ts direction of extension (Case 1940 Kemp Harper 1949 Buckstein
1953)

Cancer

Broadbent and kerman (1951) reviewing the films of 76 out of 100 known cases
of pancreatic cancer found that sufficiently clear cut evidence was present in
about 50 per cent to suggest the correct diagnosis The expenence of Hodes et al
(1954) 1 reviewing records of 105 patients was sumilar Sifre et al (1953) found
a significant abnormality 1n 16 out of 34 patients examined by barium meat and
Pygott (1950) found abnormalities mn 16 out of 25 patients Berk (1941) noted
that 14 out of 31 cases were recognized as abnarmal at the time of reporting but
when reviewed retrospectively this number has mcreased to 20 There 1s no doubt
that results 1 an d number of positive findings

Tumours of the head of the pancreas

Tumours of the head of the pancreas may stretch cut the duodenal loop etther
generally or locally or the descending part of the loop may be displaced forwards
by the enlargement of the gland extending behind 1t (Figs 53 54 and 55) Con
strictive deformities may be produced n the horzontal portion of the first part of
the duodenum and these may simulate stenosis due to a post bulbar duodenal
ulcer Duodenal ulcer may of course co exist and was present 1n 3 cases 1n the
senes reviewed by Broadbent and herman (1951) and 1n 4 of 162 cases by Beeler
and Kuklin (1952) Three cases of duodenal ulcer and pancreatic cancer were
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basis The presence of the plaque 1n any area of the stomach mterferes locally with
the peristaltic contractions which pass it by unaltered in shape

Atypical contractions and localized constrictions

Difficulties that may be encountered 1n the diagnosis of cases showing atypical
contractions of the pylonc antrum have been referred to already

Localized constrictions may occur in the pyloric antrum or n the body of the
stomich and though these may be deceptively smooth 1n outline they are nearly
always neoplastic Simple hour glass contractions of the stomach are very rare 1n
men nd any hour glass contractton occurring 1n a man s almost always neoplastic

Localization

Ulcers tn the distal antrum are to be regarded with suspicion Holmes and Hamp-
ton (1932) found that carcinoma 1n the pylonic end of the stomach was nearly twice
as frequent as stmple ulceration If an antral ulcer crater 1s surrounded by a broad
penimeter due to 4 rolled edge or shows a large triangular mche (Gutmann et al
1939) 1t should certainly be regarded as neoplastic

The exact site of an ulcer at the pylorus may be difficult to decide as the position
of the pyloric ring may not be identifiable owing to the deformity associated with
the ulcer Ivie and Beveridge (1954) found that 1n 6 cases of acute ulceration at the
pylorus or on its gastric side the ulcer was eventually shown to be duodenal
Ettinger (1950) has remarked on the same difficulty in localization due to gaping of
the pylorus with duodenal ulcers situated so close to the pylonc ning as to be
mistaken for antral gastric ulcers At operation a competent surgeon may not be
able to do more than confirm the presence of an ulcer of uncertawm nature

It 1s well to realize that the diagnosis of small neoplasms of the stomach daoes
not rest on the application of any one sign as a sort of golden rule but on the
correct app 1on of the app: which may be produced by the morbid
anatomy present Thus 1t used to be taught that ulcers of the greater curvature were
always malignant yet Kirsh (1956) has reported a series of 8 cases of which 6 were
simple and Ochsner (1956) has reported 7 bemign ulcers of the greater curvature In
a senes of 148 surgically resected gastric ulcers When the appearance of the
morbid anatomy present 1s non specific as it may be no specific radiological
interpretation 1s possible Nevertheless the demonstration of a defimte Jesion of
uncertain nature in the stomach may be a most important positive contribution to
a difficult chmcal diagnosss a

RADIOLOGICAL CONTRIBUTION TO THE DIAGNOSIS OF
PANCREATIC DISEASE

Pancreatic disease presents more difficulty 1n diagnosis than almost any other
abdominal condition and the lack of any sitable exeretory contrast medium 1s a
serious d to the radol 11y, 1on In spite of this handicap radio

logy can provide diagnostic informatron of value n SO per cent or morc of the
cases of pancreatic tumours and 1n nearly all cases of pancreattc cyst or calarfica

tion It has a contribution to make n the diagnosis of acute and chronic or relapsing
pancreatitis and the functional disorders of the small bowel associated with
pancreatic steatorrhoca may also be studied
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the normal rapid alteration 1n mucosal fold pattern n the duodenum which they
regard as early evidence of infiltration Poppel and Marshak (1944) point out that
when the common bile duct runs transsersely behind the descending part of the
duodenum as happens 1n a proportion of cases dilatation of the duct may dis
place this part of the duodenum forwards and medially as 1t crosses the duct

Neoplasms of the body of the pancreas
Neoplasm of the body of the pincreas may displace the body of the stomach
forward as 1t crosses in front of the lumbar spine A retrogastric mass in the body

o

FiG 54 —Female aged 46 years 5 FiG 55 —Female aged 57 years 3

months lassitude Recent lower months epigastric pamn and ba k
abdomunal pam Melaenia and anor ache Recent vomuting No loss of
exa Mass n pouch of Douglas weight Barum meal 8554 Con
Liverenlarged Nojaundice Barum strictive leston in the thied part of the
meal 9454 Annular Dy

m the post bulbar area of the of pancreas Laparotomy 16554
duodenum  Diagnosis—carcinoma Carcinoma of head of pancrea
of pancreas Post mortem 29 5 54 displacing the duodenum forwards
No jaundice Growth in head of and volving it Metastases
pancreas mvading the second part of hiver Palliative gastro-enterostomy

the duodenum and gall bladder

or tail may produce a pressure filling defel 1n the stomach when the patient 1s
tilted backwards from the standing to the supmne position (Cases pad sign}
The stomach may be directly 1nfiltrated as 1n tumours of the head of the gland
The duodeno jejunal flexure may be flattened and displaced downwards or there
may be compresston of the proximal side of the splenic flexure Direct extension
from growths of the body may take place to the lumbarspine with resulting vertebral
collapse Scott (1952) has 1llustrated a case of carcinoma of the body of the pan
creas m which a fistula had developed from the stomach through the growth to
the lumbar spine which was 1vohved Neoplasms 1n the tail of the pancreas
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reported by Dashiell and Palmer (1947) and Forty and Barrett (1952) have reported
a case of peptic ulcer in the third part of the duodenum 1ssociated with an islet
celled tumour of the pancreas

Constrictive and mfiltrative Iestons

Constrictive and infiltrative lesions of the sccond and third part of the duodenum
are probably the most frequent abnormalities detected radiologically tn carcinoma
of the head and body of the pancreas 59 examples of this type of involvement
were found by Broadbent and herman (1951) 1n their series The medral displace
ment of the lateral wall of the descending duodenum which usually occurs with an

FIG 53 —Male aged 54 years 3 months epigastric pamn Anorexia and werght loss
Jaundiced for a few days Barium meal 30 3 53 Oser filling of duodenal cap and
proximal portion of the second part of the duodenum with constrictive lesion in its

distal part Diag cancer L 104 53 Large of
head of pancreas gall bladder 2nd common bile duct distended resection 1m
possible owing to involvement of the superior mesenteric vessels

annular pancreas (Dodd and Nafis 1956) 1s rare in pancreatic growths The
reverse 3 sign of Frostberg (1938) 1s a special instance of an infiltrating lesion
occurring around the major and minor duodenal papillae (Stiennon  1956)

The duodenal cap and pyloric end of the stomach may be smoothly ndented
from below and displaced upwards by neoplasm of the head of the pancreas
Mucosal defects may occur n the stomach due to direct extension of the growth
into 1t and the distinction from a primary gastric carcinoma may be impossible
radiologically Hodes et al (1954) direct attention to the importance of recognizing
the imprint of the dilated common bile duct mn the pars superior of the duodenum
which 15 best seen tn the nght anterior oblique prone position and to the loss of
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flocculable barium sulphate suspension gives good results The patient 1s encour

aged to adopt the prone positton for the first 2 hours of the examination as ths
smduces a more even distribution of barium through the wntestinal loops and tends
to prevent all of 1t lying together 1n adjacent loops especially when the lower
tleum has been reached The flocculable suspenston shows clearly the clumping
type of pattern encountered 1n steatorthoea and coeliac disease The work of
Ardran et al (1950) and Golden (1950) has demonstrated that the type of small

bowel pattern produced vares with the use of flocculable and non floccutable
banium suspension and this difference has been a real source of confusion 1n the
past

Fractional interval feeding

Where symptoms of an obstructive nature are to be investigated fractional
mterval feeding as suggested by Pansdorf (1937) may be more effective in demon
strating the lesion especially when skip areas may be present as in Crohns
disease In this method a 2 ounce volume of barium sulphate suspension 15 given
at the of the ton and further doses are given at regular
intervals of 4-1 hour This enables all parts of the small bowel to be examined
repeatedly during the same examination It 15 clear that the method should not be
used n an acute obstruction

Ice water techmque

‘When 1t 15 desired to outline the lower 1leum completely and to distend 1t to its
capacity the ice water ot ice saline techmque (Weintraub and Willlams 1949)
may be useful Barium suspension 1s followed up by a quantity of 1ced water or
1ced salime which accelerates the penstalsis m the smallintestine so that the medium
1s carried to the caecum within 3-1 hour

Method used n obscure haemorrhage

In patients with obscure haemorrhage the method used may be the same as
that used for obstructive lesions but n some cases the small bowel enema technique
of Schatszki (1943) may be of value Duodenal intubation with a Ryle s or sumlar
tube 1s carred out and banum sulphate suspension 1s mjected through the tube
rapidly under screen control The upper small bowel 1 distended to 1ts full capacity
and 1rregularities and defects of the lumen are clearly shown It 15 well not to
exceed 6 fluid ounces of barium suspenston tn the early part of the examination
otherwise filled distended loops tend to obscure each other The barium suspension
can be urged on by the injection of water or saline through the tube a further
quantity of opaque medium can be substituted at any stage desired The advantage
of this method conststs 1n the ability to maintain distension in the loops of small
bowel being exammed at will 1ts main difficulty 1s that of duodenal intubation and
1t 15 not a method to be used 1n unselected cases
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r]t;azy)produce a filling defect 1n the greater cursature of the stomach (Scholtz

O Ily from c of the pancreas occur 1n assoctation
with the lower third of the oesophagus and cause dysphagia Langton and Laws
(1954) have described 3 cases and collected 3 more from the hiterature

The possibility that a p. 1c lasmis ble for an atypical dyspepsia
associated with upper abdominal dlscomfor( or pmn should always be borne m
mind by the examining radiologist and every eﬂ”ort should be made to detect
abnormal d of the h and or early evidence of
mfiltration or dxsordercd function which may be easily overlooked As Beeler
and karklin (1952) have shown the site of the leston 15 more contributive to 1ts
diagnosis than its mere size and small operable lesions may be recognized pro
portionately as often as large 1noperable ones

RADIOLOGICAL METHODS IN THE DIAGNOSIS OF
SMALL BOWEL DISORDERS
The radiological examination of the smail bawel can be a lengthy procedure and
routine requests for  barum meal and follow through have no justification The
e ton should be selective as far as possible and not meidental and the

Fic 56 —Male aged 24
years 5 years history of
frequent loose motions
Streaks of blood 1n
motions recently Recent
loss of weight and anor
exa  Barwm  follow
through 16456 2
ounces of suspension
used  shows several
constricted areas 1n the
lower ileum where the
mucosal surface 15 com
pletely destroyed Diag
nosis——Crohn s disease

method used should vary to show the condition Jikely to be present to the best
advantage Information may be required concernmg disturbances of function
the causes of obstructive symptoms or of obscure bleeding (Fig 56)

Barium meal 1n functional disturbances
Where functional disturbances predommate as m steatorthoea coeltac disease
and chronic diarrhoeas a small banum meal of 4 ounces volume contaiming a
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CHAPTER 9

THE LOWER OESOPHAGUS LINED BY
COLUMNAR EPITHELIUM

N R BARRETT

T abnormality described 1n this chapter has been called by a varety of names

which have led to misconceptions The terms short oesophagus and congemtal

short cesophagus both imply that the gullet has not grown to its proper length
The oesophagus lined by gastric epithelum  suggests that the whole structure

1s 50 lined and that the epithelium 15 gastric  The least misleading term 1s
the lower oesophagus lined by columnar epithelum (see ¥ig 57)

DESCRIPTION OF THE ABNORMALITY

A lower oesophagus lined by columnar epithelium 1s one 1n which a s!ralch of the
gullet of varying length 15 limed by col and not by sq

In all other respects the parts are normal The length to which the abnorsmal
epithelum extends upwards n a contmuous sheet from the stomach vanes but
1n most cases the change 1n the epitheha occurs at 20-25 centimetres from the
nctsor teeth 1n the adult

This abnormality 1s different from but can be complicated by a shding hiatal
herma Tt 1s a specific entity which 1s comparatively rare It differs from shding
huatal hernia because in 1t the external anatomy of the gullet in the mediastinum 1s
normal there 1s no peritoneal sac covering one side of the hermated stomach
and because the anatomy of the penitoneal hgaments the left gastric artery and
the segmental aortic arterses 1s normal (see Fig 58)

There are several rcasons why the lower oesophagus hined by columnar epithelium
has not been recognized as an entity 1n the past It has been confused with shding
liatal herma and this has occurred because 1n both 1t appears that a part of the
stomach has nugrated into the posterior mediastinum In the abnormality under
discussion this assumption 1s 1ncotrect because 1t 1s a malformation and not an
acquired hermia It 15 1n no way related to shding huatal herma 1n which the p.\ns
have developed normally but have sub ly assumed
or after birth The two also differ anatomzcally 1n the details of the pa!holog:cal
states which they cause and 1n some of the therapeutic measures which can be
applied to their correction

One might have supposed that many examples would have come to the notice
of pathologists who perform routme post mortem examinations but on these
occasions the relevant part of the gullet 15 generally sliced off from the stomach
before being examined and the pathologist who detects some unusual features 15
apt to ascrbe them to post mortem changes or to islets of ectopic gastric mucosa
This last description has been used so often and by so many people to explain
abnormalities 1n the gullet that some statements are necessary to abolish the
practice Islets of ectopic gastric mucosa exist as very small patches at all levels in
the gullet but 1t has never been proved that they have caused a pathologicat lesion
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CHAPTER Y

THE LOWER OESOPHAGUS LINED BY
COLUMNAR EPITHELIUM

N R BARRETT

Tae abnormality described i this chapter has been cafled by a vaniety of names

which have led to misconceptions The terms short oesophagus and congemital

short oesophagus  both smply that the gullet has not grown to its proper length
The oesophagus lined by gastric epithelum  suggests that the whole structure

1s s0 lined and that the epithelum 15 gastric  The least musleading term 15
the lower oesophagus lined by columnar epithehum (see ¥Fig 57)

DESCRIPTION OF THE ABNORMALITY

A lower cesophagus lined by columnar epithelium 1s one 1n which a stretch of the
gullet of varymng length 1s lined by columnar and not by squamous epithelium
In 2ll other respects the parts are normal The length to which the abnormal
epithelium extends upwards 1n a continuous sheet from the stomach vanes but
n most cases the change m the epithelia occurs at 20-25 centimetres from the
meisor teeth i the adult

This abnormality 1s different from but can be complicated by a shding hatal
herma It 15 a specific entity which 1s comparatively rare It differs from sliding
hiatal herma because 1n 1t the external anatomy of the gullet in the mediastinum 15
normal there 1s no pentoneal sac covermg one side of the herniated stomach
and because the anatomy of the pentoneal ligaments the left gastric artery and
the segmental aortic arteries 1s normal (see Fig 58)

There are several reasons why the lower Je lined by col hel
has not been recognized as an entity in the past It has been confused with shding
huatal hernia and thus has occurred because m both it appears that a part of the
stomach has migrated into the posterior mediastinum In the abnormality under
discussion this assumption 1s tncorrect because 1t 1s a malformation and not an
acqured herma It 1s 1 no way related to shdmng hratal hermia 1n which the parts
have developed normally but have sub: ly assumed at
or after birth The two also differ anatorucally 1n the details of the pathological
states which they cause and 1n some of the therapeutic measures which can be
applied to therr correction

One might have supposed that many examples would have come to the notice
of pathologists who perform routine post mortem exammations but on these
occasions the relevant part of the gullet 15 generally sliced off from the stomach
before being examined and the pathologist who detects some unusual features 15
apt to ascribe them to post mortem changes or to islets of ectopic gastric mucosa
Thus last description has been used so often and by so many people to explam
abnormalities 1n the gullet that some statements are necessary to abolish the
practice Islets of ectopic gastnic mucosa exist 25 very small patches at all fevels m
the gullet but 1t has never been proved that they have caused a pathological lesion
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COLUMNAR EPITHELIUM OF LOWER OESOPHAGUS

swallow was given the patient was stated to
have 2 normal cardiac sphincter The
Junction of the squamous and columnar
epithelia was at the level of the azygos vem
From without the oesophagus appeared to
be normal There 15 a small columnaccell
carcinoma 1 the form of an ulcer at the
Junction of the two epitheha

;‘ 1
Y ‘! ‘ N
% Fi6 57 —Drawing of a specimen removed at
nt 1* ‘The diaph the
1y reflections and the anatomy of the left
( gastric artery were normal When a barium
\ \

(by contrast it has been proved that ectopic gastric mucosa causes haemorrhage or
peptrc ulcerition 1n a Meckel s diverticulum) Nor do they explan the leston
considered in this chapter They cannot account for sliding hiatal herma or for
para oesophageal hermia They muight howeser conceivably explamn the finding of
a columnar cell carcinoma n the gullet provided it could be shown that the tumour
was everywhere surrounded by normal squamous epithelium

Every case in which columnar epithelium has been found 1n the lower end of the
gullet (excluding those due to hratus hernia) has come to light because a patho
logical lesion was present as a complication This stresses the pomt that the
deformuty 1n 1tself may be harmless and the fact 1s emphasized because many of
the patients develop their symptoms late in hfe

There has also been confuston as to the meanings of many terms used to describe
the anatomy the physiology and the pathological conditions to which the gullet
1s heir Different authonties believing that their colleagues knew what they were
talking about have used similar terms to describe different things There 15 for
example no general agreement as to what 1s meant by the oesophagus To
most people 1t 1s that part of the ahmentary canal distal to the crico pharyngeal
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Fto 58 —Diagram ilustrating the differences betweert (a) 3 Jower oesophagus Imed
by columnar epithetium (4 a shidimg huatat herrua and (¢} a para-oesophageal
herma The dragrams have been drawn as the parts would be seen from the left
side of the chest {8y courtesy of the Bnt § Surg)

sphincter which traverses the medmstinum ends below the draphragm at the
stomach and which 1s Iined by squamous eprthellum There would be no difficulty
1n gecepting this dehmition were 1t not that in the cases here described a varymg
tength of the fower part of the oesophagus 15 lined by epithelium which macro
scopically resembles that in the upper part of the stomach It 1s for this reason
that some prefer to use the term  gullet  which 1s derived from Middle Enghsh
and defined n the Ovford Enghsh Dictionary as  the passage by which food and
drmk pass from the mouth 1o the stornach  Such a term 1s helpfully non-committal
the gullet ends where 1t Jons the bay, of the stomach

Another doubt centres around the term cardra It 2 normal mar this 1s used
to describe three pornts (1) where the gullel enters the stomach (2) where the
mucous membrane changes from squarnous to columnar and (3) where the valve
mechanism (to prevent reflux of gastric contents) s situated These three occur
normally at the same level and constitute the cardia To wiuch therefore does the
term refer i the valve mechamism hi s at a different level to the place at which the
mucous membrane changes? There are advantag s tn confining the word carda to
describe only the valve mechanism and not the mucosal junction which can be
several inches higher up 1n the gultet In this chapter the cardia 1s the valve between
the gullet and the stomach

AETIOLOGY

There are a vanety of ways in which one may attempt to explain the appearance of
columnar epithelium at the lower end of the gullet and three of these will b~
examined briefly
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COLUMNAR EPITHELIUM OF LOWER OESOPHAGUS

FiG 57 —Drawing of a spectmen removed at
operatton  The diaphragm the peritoneal
reflections and the anatomy of the left
gastric artery were normal When 2 barwm
swallow was given the patient was stated to
have a  normal cardiac sphincter The
Junction of the squamous and columnar
epithelia was at the level of the azygos vem
From without the oesophagus appeared to
be normal There 15 a small columnar celt
carcmoma in the form of an ulcer at the
Junction of the two epithelia

(by contrast 1t has been proved that ectoprc gastric mucosa causes haemorrhage or
peptic ulceration m a Meckel s diverticulum) Nor do they explain the lesion
considered 1n this chapter They cannot account for sliding hiatal herma or for
para oesophageal hermia They might howeser concewvably explamn the finding of
a columnar cell carcinoma m the gullet provided it could be shown that the tumour
was everywhere surrounded by normal squamous epithelium

Every case in which columnar epithelium has been found 1n the lower end of the
gullet (excluding those due to hiatus hermia) has come to light because a patho
logical lesion was present as a complication This stresses the pomnt that the
deformuty 1n itself may be harmless and the fact 1s emphasized because many of
the patients develop thetr symptoms late i life

There has also been confusion as to the meanings of many terms used to describe
the the physiology and the pathol 1 d to which the gullet
15 heir Different authorities believing that their colleagues knew what they were
talkang about have used simular terms to describe dfferent things There 15 for
example no general agreement as to what 1s meant by the oesophagus To
most people 1t 1s that part of the alimentary canal distal to the erico pharyngeal
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typical gastric mucous membrane oxyntic cells appear and mcrease 1n numbers
and near the junction of the gullet and the stomach the glands become deep and
complicated At any point 1n this columnar epitheltum islets of perfectly developed
squamous epithellum can often be seen

These findings suggest that although the epithelum which lines the lower part
of the gullet 1n these cases makes the part look like an upward extension of the
stomach this 1s not the real explanation for beyond the fact that the musplaced
epithelium 15 columnar in type the greater part of it has not the characters of
secreting gastric rucosa

Embryology

Until recently differences of opimion have existed as to the development of the
oesophageal epithellum and of 1ts glands 1n man To elucidate these problems
transverse sections of human embryos at all stages 1n development between 3 and
230 mullimetres C R lengths were cut by Johns (1952)

From the 3 nulltmetre until the 16 millimetre stage the epsthelum from one
end of the gullet to the other 1s stratified columnar m type

Between the 23 millimetre and 34 mullimetre stages 1t becomes two layered and
subsequently changes to multi layered although the cells remam columnar
This epithetum proliferates to such an extent that the lumen of the oesophagus
18 actually or nearly obliterated and the channel ts ultimately re established by
vacuolation The vacuoles are largest above the level of the tracheal bifurcation and
persist until the embryo 1s about 70 mulhmetres in Iength Sumilar vacuolation occurs
1n the embryonic oesophagus of the prg the rabbit the rat and the hedgehog

After the 70 miliumetre stage 1slets of aliated columnar epithelum which
anse from the basal layer of the preceding stratified columnar liming appear in
the muddle of the gullet they extend coalesce and ultimately ling the whole tube

In the 130 millimetre embryo the ciliated columnar lining has been replaced by
stratified squamous epithellum and this change also begms m the middle reach
of the oesophagus and extends upwards and downwards The last segment to
lose its ciliated columnar epithelium 1s the upper end of the gullet and traces of
these cells have been desenbed as persisting at birth

During the development of a human embryo the sequence of changes 1n the
epithelia which line the foregut might be arrested or deviated from normal Thus
1t 15 not surprising to find ciliated 1 or hel
anywhere between the mouth and the duodenum

In the hight of this evidence 11 15 mnteading 10 desenibe the lesion under dis
cusston as a congental short oesophagus because this suggests that the oesophagus
has not grown to 1ts accustomed length In fact 1n these cases the anatomy of the
gullet and of the stomach 1s normal 1n every respect except one namely that the
full sequence of changes which should have occurtred n the mucous membrane of
he vesophagus have not reached frution and the result of this fasture 15 that the
lower section of the gullet looks as though it 1s limed by gastric epithelum Histo
logically 1t 15 ined by mucus secreting columnar cells and 1n the vicinity of the
cardia there are some oxyntrc cells which could predispose the patient to peptic
ulceration

Thought 1n these cases has been mfluenced by the 1dea that m the human
embryo the stomach and the gullet are different viscera In fact they develop as
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COLUMNAR EPITHELIUM OF LOWER OESOPHAGUS

Comparative anatomy

A study of the various types of epithelia which line the gullets 1n vectebrates
shows that the arrangement 1n man 15 special and pecultar It 1s only 1n some of the
carnivora and the apes that the epithelium changes abruptly from squamous to
columnar precisely at the  cardiac valve  There 1s no evidence that 1 most verte
brates the secretions of the stomach are harmful to the squamous cells which Ime
the gullet and in q a cardiac sph to protect agamst reflux 1s an
unnecessary luxury and would hinder such activities as rumination Thus the
precise limit of this or that epithelium 1s not crucial ;n most ammals and consider
g our zoologteal ancestors 1t should not surprise us 1f we harbour vartations m
the gullet from time to time But the condition which has been called short
oesophagus 1s pecubiar even 1n the hght of the above remarks because n it

1 helum s found reachingin a sheet abore the oesophage-
gastrie junction tnd this does not happen naturally in the lower vertebrates It
appears 10 be a unique deformity Moreover the opposite state namely an exten
sion of the squamous epithelium of the gullet down into the viscus called the
stomach does not happen in man but 1s a common arrangement 1n other verte
brates In animals as widely different as the horse the ox the rabbit and the rat
the squamous epithelhum of the gullet passes down below the anatomical cardia
and fanning out lines a large part of the stomach The viscus called the stomach
many of these ammals 15 composed of two or more sacs which communicate with
each other and between these sacs there 1s no passive barrier or active sphuncter
The proximal sacs which are lined by horny squamaus epsthelium function as
reservours for the food and only the distal sac or true stomach 1s concerned with
the prelimnary digestton of protein The whole of the stomach m the duck billed
platypus 15 lined by squamous cells

Thus the columnar eprthelium which lines the lower part of the gullet inshort

} cannot be d for as a reversion to a more primittve zoological

state because 1n the majority of mammals the junction of the squamous and
columnar epithelia hes beyond the cardia and this arrangement has not as yet
been described 1n man

Hustology

If a specimen removed at operation 1s examined the upper end of the gullet
appears to the naked eye to be lined by squamous epithelum and the lower end
looks like st h The col hum 15 bluish m colour voluminous and
raised in rugae

Histologically the proximal part of such a specimen 15 typical squamous
epithelium and the transition between 1t and the lower epithelium 1s abrupt Just
below this boundary the columnar cells are arranged as simple shallow tubular
glands amongst which he numerous mucus secreting cells {Figs 59 €0 and 61) In
this upper region which appears macroscopically like stomach there are no oxyntc
cells and the epithelium 1s similar to that which forms the deep mucous glands of
the normal oesophagus If 1t were not for the fact that the deep oesophageal glands
appear after birth one rught be tempted to assume that the columnar epithelium
1n these cases 15 the result of an overgrowth of the normal oesophageal gland
epithelium which had as it were spread out over the surface and covered 1t

Lower 1 the gullet the simple tubular crypts gradually give place to more
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Fic 61 —Muicrophotograph showing oxyntic cells 1n the columnar epithelium which

Lined a gullet and which lay above the cardia 'The patient had the fower part of

the gullet removed because a stnicture had developed at the junction of the
squamous and columnar epithelia above the level at which this section was made

one tube which differentiates mto 1ts adult components late n the growth of the
embryo In the complicated evolutions which occur to this end the parts could
become anatomucally unusual by failing to achieve normal matunty

The above 1deas do not smeoth away all difficultres If they be true why for
example does the abnormality always occur at the lower end of the gullet? Surely
there would be occasions when the upper end msght be lined by columnar and the
lower by squamous epithelium Why1s the human stomach never lined by squamous
cells and why do gastric ulcers occur in the 1bnormal parts? Until these discrepan
cies can be explained one must at least concede that 1n some cases there 1s a fallure
1n the longitudinal growth of the oesophagus and that this results 1n the presence
of a partial thoracic stomach

PATHOLOGICAL CHANGES

Surgeons who have studied the histology of spectmens removed at operation have
found that the greater part of the unusual epithelium consists of stmple tubular
glands which secrete mucus but which include few true gastric elements There
are oxyntic cells at the lower end of most specimens and these may be situated
proximal to the junction between the gullet and the stomach Thus the abnormal
segment may never be subjected to the harmful effects of gastric juice but 1n
speculating about this point there are other factors concerned
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FIG 59 —Microphotograph of the wall of the gullet in a patient who had the lower
part hned by columnar epitheltem Nate the sumple columnar glands which are
not like those found in the stomach This preparation was made from the top of
the specuTien near to the junction of the two epithelia
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Fio 60 —Microphotograph from the lower part of the same specimen as that shown
wm Fig 59 Note that the glands are becoming more complicated and that there 35
an islet of h among the glands One could not
describe the eprihelim in exther of these shdes as  gastric epithelium
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Fi6 61 —Microphotograph showing oxyntic cells n the coluranar epitheltum which
Im d a gullet and which lay above the cardia The patient had the lower part of
the gullet removed because a stricture had developed at the junction of the
squamous and columnar epithelia above the level at which this section was made

one tube which differentrates 1nto its adult components late 1n the growth of the
embryo In the complicated eyolutrons which occur to this end the parts could
‘become anatomically unusual by failing to achieve normal matunty

The above 1deas do not smooth away all difficufties If they be true why for
example does the abnormality always occur at the Jower end of the gullet? Surely
there would be occasions when the upper end might be hned by columnar and the
lower by squamous epithelium Why s the human stomach never lined by squamous
cells and why do gastric ulcers occur 1n the abnormal parts? Unul these discrepan
cies can be explained one must at least concede that 1n some cases there s a failure

in the longitudimal growth of the oesophagus and that thes results in the presence
of a partral thoracic stomach

PATHOLOGICAL CHANGES

Surgeons who have studied the histol of removed at op have
found that the greater part of the unusual epithelium consists of simple tubular
glands which secrete mucus but whieh nclude few true gastric elements There
are oxyntic cells at the lower end of most specimens and these may be situated
proximal to the junction between the gullet and the stomach Thus the abnormal
segment may never be subjected to the harmful effects of gastric juwe but
speculating about this point there are other factors concerned
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The junction between the and 1n these cases 1s
generally situated at about 20-25 centimetres from the ncisor teeth and not Just
above the diaphragm as 1t 1s 1n most sliding hiatal hermae and 1t has often been
stated that the higher up the gullet the less the risk that the squamous epithelum
will be digested A good reason for this statement has not been given by those who
make 1t but 1t has been suggested that the upper parts are better protected by
mucous and saliva

Is there 1n these patients 7 cardiac valve mechamism and if so where 15 1t
situated? My observations supgest that two types of case occur The first 15 the
patrent who has the lower part of the gullet lined by columnar epithelum and no
pathological leston at the cardia On a barium swallow and when exammed
radiologically this individual has what appears to be a normal gullet the cardiac
valve 15 1n sts usual place and the mechamism does not permut reflux Thatis the
cardiac valve 1s some way distal to the level at which the change over 1 the
epithellum occurs and between the valve and the change over there 15 a segment of
gullet lined by abnormal epithelium The fact that a cardiac valve can function
normally 1n such cases indicates that the exact histology of the epithelium at the
level of the valve 1s not 1n 1tself important 1n its action

The second 1s that described by Allison and Johnstone (1953) who reported
that tn most of their patients the lesion was complicated by the presence of a
typeal shiding hiatal hernia below the abnormal mucous membrane In these
there was no cardiac valve and free reflux of gastric contents was usual In the
past these cases have been diagnosed as straightforward examples of sliding hiatal
hermia In both types a vanety of different lesions can occur singly or incombration

Reflux oesophagitis

Oesophagitis may be intiated by reflux of gastric contents or as a result of
secretions from the cells which line the ponch It could also be due to both factors
operating simultaneously

The vartous pathological changes which have been found follow the pattern
described by Allison and Johnstone (1953) The lesions may be superficral and
transient 1nvolving only the squamous epithelum or they may be permanent and
take the form of shallow ulcers and leucoplakia The ulcers are generally situated
at the pomnt where the squamous epithehum ends and the lower margin of the
defect abuts upon the columnar epitheliem  Ulcers which are due to oesophagitis
do not perforate or cause massive bleeding by eroding a large blood vessel they
can however cause anaemia because of a persistent small loss of blood In some
circumstances the inflammation may spread more deeply than the mucous mem
brane and 1f 1t persists a stricture results

Oesophageal strictures 1n these cases occur n several varieties In some the
fibrous tissue which encircles the gullet remains as a marrow nng like band—
these are the strictures which Allison says can be excised locally by sphtting the
muscle coats removing the ning of scar aud leaving the mucous membrane mtact
In others the fibrous tissue 1nvades and destroys the muscle coats and forms a
palpable hard tumour of considerable size Ths fibrous tumour becomes adherent
to the adjacent structures 1n the mediastinum and 1s difficult to dissect free Tt 1s
casy to mustake such a leston for a malignant growth and some of the cases n'af'
supposed carcinoma which have been treated palliatively and survtved are probably
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1n this category In yet other strictures there 1s a local accretion of tissue which
forms an obvious lump and which histologically 1s found to be mamly hyper
trophted muscle fibres Such sp when spht dinally may have the
appearance of the pylorus 1n a case of congenital stenosis The explanation of
these findings 1s not clear
Peptic nlcer

Cases have been described of patients who have developed peptic ulcers in the
abnarmal segment of the gullet These ulcers have notlung 1n common with the
oesophageal ulcers described above they occur at a level below the change over
m the mucous membrane and they behave as do gastric ulcers 10 the stomach
Two kinds of peptic ulcer have been found

Acute peptic ulcers

These are not uncommon It may be that these erosions are the result of post
mortem changes 1n some instances but they are often real ulcers Their presence
could account for some cases of dh Allison and Joh
(1953) have raised another interesting pownt it 1s not known whether such an
ulcer would heal by covering of columnar epithelium 1t might heal by squamous
metaplasia and 1f so could account for the 1slets of squamous eptthelium which
have been found amongst the columnar cells 1n these cases Such a speculation
emphasizes the ever recurring question as to which lesions of the gullet are acquired
and which are congenital

Chronic peptic ulcers

Since the time of Reolatanski chronic peptic ulcers have been descnbed as
occurring 10 the oesophagus  but the 1ssue has been confused because 1t used to
be stated that they had ansen 1n 1solated patches of ectopic gastric mucous mem
brane This 1s not true

The differences between these ulcers and oesophageal ulcers on the one hand
and gastric ulcers on the other were first emphasized by Barrett (19%0) and for
this reason the chronic peptic ulcer which complicates the leston under discussion
and which 1s situated in what appears to be the gullet has been referred to in the
hterature as Barrett s ulcer

Barrett s ulcers resemble chronic gastric ulcers (Frgs 62 and 63) They generally
oceur 1n mmddle aged or elderly people and they invade and destroy the muscle
coats of the gullet The adjacent tissues are oedematous tn life and as the ulcer
penetrates through the wall of the gullet the med:astinal tissues become mnvolved
by fibrosis and inflammatory ademtis The ulcer 1s hable 1o produce haemorrhage
(by perforating a large blood vessel} or mediastinal and pleural suppurations
Malgnant change has also been described as having oniginated 1n such an ulcer
but the evidence 15 not conclusive

The nsk of a stricture formung 1s not great because these ulcers grow n the
line of the gullet and seldom involse the whole circumference Thus the farrway
1s not usually obstructed and dysphagia of which the patient may complain 1s
generally due to spasm above the leston and to local oedema One may generalize
and say that a bemgn stricture discovered 1n the lowest part of the gullet 15 not
likely to be due to a Barrett s ulcer On the other hand a stricture demonstrated at
or above the aortic arch 15 almost certamly situated in the squamous eprthelium
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The junction between the and col pithelia 1n these cases 15
generally situtted at about 20-25 centimetres from the incisor teeth and not just
above the diaphragm as 1t 15 1n most sliding hiatal herntae and it has often been
stated that the ligher up the gullet the less the sk that the squamous epithelium
will be digested A good reason for thys statement has not been given by those who
make 1t but 1t has been suggested that the upper parts are better protected by
mucous and saliva

Is there 1n these patients a cardiac valve mechanism and if so where 15 1t
situated® My observations suggest that two types of case occur The first 1s the
patient who has the lower part of the gullet lined by columnar epithehum and no
pathological lesion at the cardia On a barium swallow and when examined
radiologically this individual has what appears to be a normal gullet the cardiac
valve 18 1n tts usual place and the mechamsm does not permit reflux That 1s the
cardiac valve 1s some way distal to the level at which the change over m the
epithelium occurs and between the valve and the change over there is a segment of
gullet lined by abnormal epsthellum The fact that a cardiac valve can function
normally 1n such cases indicates that the exact histology of the epithelium at the
level of the valve 1s not 1n itself important 1n 1ts action

The second 1s that described by Allison and Johnstone (1953} who reported
that 1n most of their patients the leston was complicated by the presence of 2
typical shding hiatal hermia below the abnormal mucous membrane In these
there was no cardiac valve and free reflux of gastric contents was usual In the
past these cases have been d d as ward les of shiding huatal
herma In both types a variety of different lesions can occur singly or in combination

Reflux oesophagttis

Oesophagitis may be 1tiated by reflux of gastric contents or as a result of
secretions from the cells which line the pouch It could also be due to both factors
operating simultaneously

The various pathological changes which have been found follow the pattern
described by Allson and Johnstone (1953) The lesions may be superficial and
transient volving only the squamous epithelium or they may be permaneat and
take the form of shallow ulcers and leucoplakia The ulcers are generally situated
1t the point where the squamous epithelium ends and the lower margin of the
defect abuts upon the columnar epithellum Uleers which are due to oesophagitis
do not perforate or cause massive bleeding by eroding a large blood vessel they
can however cause anaemia because of a persistent small loss of blood In some
circumstances the inflammation may spread more deeply than the mucous ment
brane and 1f 1t persists a stricture results

Qesophageal strictures in these cases occur in several vareties In some the
fibrous tissue which encircles the gulfet remamns as a narrow ring like band—
these are the strictures which Allison says can be excised locally by sphitting the
muscle coats removing the rmg of scar and leaving the mucous membrane mtact
In others the fibrous tissue invades and destroys the muscle coats and forms a
palpable hard tumour of considerable size Ths fibrous tumour becomes adherent
to the adjacent structures n the mediastinum and 1s dufficult to dissect free Tt 15r
easy to mistake such a lesion for 2 malignant growth and some of the castsb?
supposed carcinoma which have been treated palliatively and survived are probably
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i ths category In yet other steictures there 1s 2 local accretion of tssue which
forms an obvious fump and which histologically 1s found to be mainly hyper
trophied muscle fibres Such specimens when split Jongitudinally may have the
appearance of the pylorus i a case of congenital stenosis The explanation of
these findings 15 not ¢lear
Peptic ulcer

Cases have been descnibed of patients who have developed peptic ulcers tn the
abnormal segment of the gullet These ulcers have nothing in common with the
oesophageal ulcers descibed above they occur at a level below the change over
m the mucous inembrane and they behave as do gastric ulcers m the stomach
Two kinds of peptic ulcer have been found
Acute peplic ulcers

These are not uncommon It may be that these erosions are the result of post
mortem changes 1n some mnstances but they are often real ulcers Their presence
could account for some cases of unexplained h Allison and Jof
{1953) have rmsed another interesting point 1t ss not hnown whether such an
uleer would heal by covering of ¢columnar epithelum 1t might heal by squamous
metaplasia and if so could account for the 1slets of squamous epithelium which
hase been found amongst the columnar cells 1 these cases Such a speculation
emphasizes the ever recurring question as to which lesions of the gullet are acquired
and which are congenital

Chronic peptic ulcers

Since the time of Rokitanski chronie peptic ulcers have been described as
occurning in the oesophagus  but the 1ssue has been confused because it used to
be stated that they had ansen in ssolated patches of ectopic gastric mucous mem
brane This 1s not true

The differences between these ulcers and oesophageal ulcers on the one hand
and gastric ulcers on the other were first emphasized by Barrett (1950) and for
this reason the chromc peptic ulcer which complicates the lesion under discussion
and which 15 situated sn what appears to be the gullet has been referred to 1n the
Iiterature as Barrett s ulcer

Barrett s ulcers resemble chronic gastric ulcers (Figs 62 and 63) They generally
occur 1n middle aged or elderly people and they invade and destroy the muscle
coats of the gullet The adjacent tissues are oedematous 1 hife and as the ulcer
penetrates through the wall of the gullet the mediastinal tissues become mvolved
by fibrosis and inflammatory adenitis The ulcer 1s Iiable to produce haemorrhage
(by perforating a large blood vessel) or mediastnal and pleural suppurations
Malignang change has also been described as having oniginated 1n such an uleer
but the evidence 15 not conclusiye

The nisk of a stricture forming 15 not great because these ulcers grow 1 the
ime of the gullet and seldom involve the whole crcumference Thus the fairway
1s not usually obstructed and dysphagia of which the patient may complan 1s
generally due to spasm aboye the lesion and to local oedema One may generalize
and say that a benign stricture discovered 1n the lowest part of the gullet 1s not
likely to be due to a Barrett s ulcer On the other hand a stricture demonstrated at
or above the aortic arch 1s almost certarnly sttuated in the squamous epithelium
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Fic 63 —Drawingof a spectmen
removed at autopsy showing
a typical chromic gastrie ulcer
which was adherent to the
aorta and which was situated
1 the medrastinum The lower
3 inches of the gullet were
lined by columnar epitheitum
and the yunction between this
and the normal squamous
epithelium of the oesophagus
15 depicted at the top of the
specimen In addition to the
chronic peptic ulcer there are
several acute ulcers in the
victmity which could be post
mortem artefacts {By courtesy
of the Editor of Brit J Surg)

FIG 62 —Specimen removed at autopsy by Professor
Barnard showng a typical chronic gastric ulcer
which has perforated 1nto one of th pulmonary
vemns and caused death from haemorrhage At the
top of the specimen 15 the larynx and the gullet
has been transected about 2 inches below the aortic
arch The junction of the columnar and squamous
epitheha 15 1} inches above the ulcer which s
everywhere surrounded by columnar epithelum
Note that no stricture has formed at the site of
the ulcer and that there are genuine patches of

ectopic gastric epithelum  m that part of the

gullet hned by squamous eprthelium at the top of
the specimen (By courtesy of the Editor of But J
Surg)
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above a lower } lined by col Allison and Johnstone
(1953) have had expenence of 115 patients suffering from stenosis due to oesopha
gealulcer (thatss ulcer 1n the squamous epithelium) and 10 others with stenosis due
to Barrett s ulcer In these 115 patients there was ndisputable evidence of a seg
ment of oesophagus lined with gastnic mucosa between the stenosis and the (hratus)
herma  below They concluded that the relative chances of a peptic stenosis
of the gullet being oesophageal or gastric s about 10 to 11n favour of the former

Carcinoma

Carcinoma oceurs (Fig 57) both at the level of the change over in the mucous
membranes 1 which case 1t 15 squamous 1n type and m the lower part of the
gullet when 1t 15 columnar There are no special features which distinguish these
lesions from those growing in the normal gullet or stomach but one important

Fi6 64 —Photograph of a specimen re
woved at operation 1t was diagnosed
as a columnar cell carcmoma at the
cardia In fact the whole of the
mucous membrane of the gullet in thts
specimen 1s columnar mn type and m

ths s a N
carcinama of the gullet

needs ifa develops at the anatomical oeso
phago gastric junction and if 1t 15 columnar 1t 15 difficult to say whether 1t has
onginated 1n an abnormality of the type under discussion 1a this chapter or
whether 11 1s an example of an upward extension of a gastric cancer into the gullet
(Fig 64) The pomnt 15 of academic interest at the level of the diaphragm butif a
columnar cell growth 15 discovered at the level of the arch of the aorta how 15 one
to interpret this finding? In the past 1t has been said that the nference in such a
case 1s that a gastric cancer has grown up the gullet from the tevel of the diaphragm
If this were always true the prognosis as regards resection would be hopeless
because of the extent of the tumour but 1t 15 not always true The usual explanation
of such a finding 1s that the patient has developed a columnar cell cancer de novo
n a stretch of abnormal oesophageal mucosa and some of these cancers are
focalized and favourable for resection The explanation that a columnar growth
could have onginated in an oesophageal mucous gland 1s possible but has not
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been substantrated by an actual specimen To prove this point would nvolve
demonstrating a columnar cell cancer entirely sur ded b, hel

DIAGNOSIS

When the lower part of the gullet 1s hned by columnar epithelium the patrent
will have no signs or symptoms unless a pathological lesion 1s present In such a
case a barum swallow would not reveal an abnormality either i the part which 1s
assumed to be normal gullet or in the stomach That 1s the columnar epithelium
m the lower part of the gullet does not affect normal peristalsts or cast a typreal
shadow of rugae

The diagnosis will be made only when a pathological process has been added
to the abnormality of development As described above the pathological changes
which are relevant are ph phageal ulcer phageal stricture

Barrett s uicer and carcinoma

Symptoms

The symptoms of oesophagitis and 1ts complications are the same as those which
occur when this process ts due to a shdng hiatal hernia except that the pam 1s
often felt higher in the thorax and referred to the middle of the sternum Dysphagia
and regurgitation of food and saliva with mucus are common and anaema due to
slow bleeding 15 a feature

The symptoms due to Barrett s ulcer or to its complications are not specific
but the pain 15 more likely to be related to the taking of food than to the effects
of posture These patients may complam of a severe boring pain locahized to the
back if fixation to the aorta 1s occurning If on the other hand there 1s a perforatron
mto the mediastinum the signs and symptoms exactly mimic those which are
generally regarded as charactensstic of a perforated gastric ulcer in the peritoneal
cavity The author has had expenience of a case i which the ulcer caused at first
a pericardial effusion and later death due to suppurative pericarditts If a major
blood vessel such as the aorta 1s eroded the patient will die of massive haemor
rhage Loss of weight 1s a 1! and p such as dysp!
are often of long duration There may be periods of remussion iz which 1t 1s
possible that 2 measure of healing has occurred or spasm and oedema may have
subsided for the time being In the first series of cases which the author published
(Barrett 1950) the patients had all died as a result of the complications caused by
therr ulcers None had been diagnosed correctly or treated m Iife

Radiological findings

Johnstone (1953) has described the radiological findings when the lower 0eso
phagus 1s lined by columnar epithelhum He has emphasized that unless a patho
Jogical leston 15 present in the gullet there 1s no special pattern caused by the
columnar mucosal folds which suggests the dragnosis the superficial lessons due to
oesophagitis cannot be seen and penstalsts 1s not abnormal A benign stricture at
the level of the aortic arch should suggest that the lower oesophagus 1s lined by
columnar epithelium because shding fvatal hermas are not as large as this

The cardiac sphmcter 1n these cases will be incompetent if a hratal herma 1s
also present but if not there will probably be a mechanism which prevents reflux
situated at the expected place thats below the diaphragm where the gullet appears
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to enter the stomach These cases lend support to the proposition that the most 1m
portant single factor 1n competence or otherwise of the cardiac valve mechanism
15 the angle at which the gullet enters the stomach The wnter has had 2 patients
who 1n spite of symptoms were at first thought to have nothing abnormal because
acompetent cardia was seen in the usual place below the diaphragm Both had gullets
Ttned with and h at the level of the aortic arch

If a Barrett s ulcer 15 present in the lower part of the gullet Johnstone (1953)
believes that a correct diagnosis can generally be made 1f a barium swallow s given
Hesays When a deep ulcer crater can be demonstrated close to the cardia there s
strong presumptive evidence of 1ts gastric onigin Such craters may be more than a
centimetre 1n drameter The walls are clearcut and in one case terracing was
observed Undermining of the margins has also been seen but the edges appear
regular and smooth The crater 1s usually single but in two nstances a second
crater has been found They are more often on the posterior or the postero
lateral wall and they tend to spread longstudinally rather than to encircle the
lumen In some the crater Lies 1n the stenotic segment but 1n others the Jumen
15 scarcely narrowed and there 1s Iittle obstruction Pen: oesophagealnfiltration 1s
not uncommon and soft uissue shadows may be seen at the base of the ulcer
1t1s not possible to distinguish radiologically between such an ulcer and a carcinoma
which 1s the more common lesion

Oesophagoscopy

Oesophagoscopy 1s an essential pre operative investigation 1n all patients
suffening from diseases 1n the gullet

In these cases the diagnosts should always be suspected 1f the change over of the
mucous membrane 15 found at a high level As the epithelial transition 1s sharp
there should be no difficulty in marking 1ts point unless there 1s local inflammation
1f there 1s a doubt pinch biopsies will settle the matter In most of the author s
cases the change has been at about 25 centimetres from the incisor teeth and this
1s hugher than one expects 1t to be 1f the diagnosis 1s a shiding hiatal hernia

A fact which suggests that the lower part of the gullet 1s lined by columnar epithe
hum 1s that the level at which the change over of the epithelium occurs atendoscopy
does not tally radiologically with the observed level of the cardiac valve mechamsm

A point which clinches the d 1s that col ¥ 15 found above
a pathological lesion 1n the gullet If the patient has a stricture at the oesophago
gastric Junction the radiologist 1s hikely to call 1t a carcinoma and the fiaty of the
parts may suggest the same mistake to the endoscopist even though a negatne
biopsy has been obtained The moral of this 1s that 1f a good piece of tissue has
been obtained for biopsy and if the histologieal report 1s agamnst carcinoma the
possibility of a benign stricture should be entertained Such strictures occur

The diagnosts of Barrett s ulcer at endoscopy 1s difficult not only because these
ulcers sometimes eust beyond an oesophageal stricture but because through an
oesophagoscope they Jook Jike carcimoma There 1s obvious piling up of tissue
at the edge of the ulcers and necrosis in the floor These factors spell carcinoma of
the gullet to most surgeons

Thoracotomy
In some cases the diagnosis will not be confirmed until the structures in the
lower mediastinum and 1n relation to the nght crus of the diaphragm which
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been substantiated by an actual spectmen To prove this point would mvolve
demonstrating a columnar cell cancer entirely surrounded by squamous epithelum

DIAGNOSIS
When the lower part of the gullet 1s lined by columnar epithelium the patient
will have no signs or symp unless a pathol 1 leston 1s present In sucha

case a barium swallow would not reveal an abnormality erther in the part which 1s
assumed to be normal gullet or in the stomach That 1s the columnar epithehum
wmn the lower part of the gullet does not affect normal penistalsss or cast a typical
shadow of rugae

The diagnosis will be made only when a pathological process has been added
to the abnormality of development As described above the pathologrcal changes
which are relevant are phagitis ph I ulcer ph: 1 stricture
Barrett s ulcer and carcinoma

Symptoms

The symy of ) 15 and its plications are the same as those which
occur when this process 1s due to a shiding hiatal hernia except that the pain 15
often felt lugher in the thorax and referred to the middle of the sternum Dysphagia
and regurgitation of food and saliva with mucus are common and anaemua due to
slow bleeding 1s a feature

The symptoms due to Barrett s ulcer or to its complications are not specific
but the pain 1s more likely to be related to the taking of food than to the effects
of posture These patients may complamn of a severe boring pain localized to the
back 1f fixation to the aortas occurring If on the other hand there is a perforation
mnto the mediastinum the stgns and symptoms exactly mmmc those which are
generally regarded as characteristic of a perforated gastric ulcer mn the peritoneal
cavity The author has had expertence of a case 1n which the ulcer caused at first
a penicardial effusion and later death due to suppurative perrcarditis 1If a major
blood vessel such as the aorta 1s eroded the patient will die of massive haemor
rhage Loss of weight 1s a 1 and p such as dysphagia
are often of long duration There may be periods of remusston m which 1t 15
possible that a measure of healing has occurred or spasm and oedema may have
subsided for the time being In the first series of cases which the author published
(Barrett 1950) the patients had all died as a result of the complications caused by
their ulcers None had been diagnosed correctly or treated in Ife

Radiological findings

Johnstone (1953) has described the radiologtcal findings when the lower oeso
phagus 15 Jined by col hel He has h d that unless a patho
logical lesion s present 1n the gullet there 1s no special pattern caused by the
columnar mucosal folds which suggests the diagnosis the superficial lesions due to
oesophagitis cannot be seen and pernstalsts 1s not abnormal A bemgn stricture at
the level of the aortic arch should suggest that the lower oesophagus 1s lined by
columnar epithelium  because slhiding hiatal hermas are not as large as this

The cordiac sphincter i these cases will be mcompetent if a huatal hernia 15
also present but 1f not there will probably be a mechanism which prevents reflux
situated at the expected place thats below the diaphragm where the gullet appears
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TREATMENT

Barrett s ulcer 1s present the mediastinum will be distorted by dense adhestons and
ademitis

{2) Although the lower part of the gullet 1s lined by columnar eprtheium this may
secrete so little digestive ferment as to be harmless Such ferments as 1t does produce
may be neutralized by saliva and their effects counteracted by protective mucus

(3 A valve hke mechamsm often exists at the anatormeal junction of the gullet
and the stomach that 1s below the change-over in the epttheliz This valve could also
shut off the secretions from the stomach proper Thus 1t 1s of more than theoretical
mterest to know 1f a valve exists 1n a specific case

{4) I 1t 15 necessary to excise the abnormal segment of the gullet there are a vartety
of ways in which the contmuity of the alimentary canal can be restored On the whole
1t 15 objectionable to anastomose the proximal part of the oesophagus directly to the
stomach because such a procedure merely sets the stage for further complications If
the surgeon wishes at all cnsls to avoid short-circmting the stomach he may elect to
do a partial as ad: d by (1949) or
the operation described by Elhs {1956) 1n which the offending part of the cesophagus 1s
taken away together with the pre pylorc part of the stomach Allison (1953) has
advocated oesophago jejunostomy and more recently oesophago jejuno gastrostomy
The latter has been popularized i the United States of Amernica by Merendino (1955)
but has been used for a number of years in Great Britain In a personal communication
Bram tells me that he now interposes the isolated ileo-caecal Junction between the
oesophagus and the stomach hopimg in this way not only to keep the stomach n the
matn passage of the food but to prevent gastric reflux

Vanous contingencies anse some of which will be discussed

(1) The patient complans of heartburn  and on investigation has a normal
barium swallow and no oesophagitis at oesophagoscopy but the lower oesophagus
15 hined by columnar epithelium
In such circumstances one may assume that the secrettons from the lower part of the

gullet are harmless and that the heartburn was due to intermittent reflux from the
stomach If medical measures did not produce relief the object of performing an opera

tion would be to improve the competence of the cardiac mechanism and the presence
of the abnormal epitheltum i the gullet could be ignored Thus some operation
designed to accentuate the oesophago gastric angle might be tried

(2) The patient complains of heartburn and has cesophagitis above a stretch of
gullet ltned by columnar cells
This could be due to reflux of secretions from the stomach or to an unusually large
number of oxyntic cells in the abnormal epithelium of the gullet Hence if an operation
1s to be performed the lower end of the gullet must be separated from the zone of
ocsophagitis In practice this means resecting the gullet between the inflamed area of
squamous epithelium and the stomach The cheef difficulty of this operation ts to know
how best to reconstitute the alimentary canal

{3) The patient has dysphagta due to a bentgn stricture at the change over of the
epithelia
The choice lies between repeated endoscopic difatattons followed by medical treat
ment local excision of the stricture (either by Allison s technique or by excision with
end to-end anastomosis of the gullet} or excision of the stricture and of the lower
§a£ o{ the gullet with reconstruction of the alimentary canal All these operations are
ifficult
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forms the oesophageal hiatus can be inspected at thoracotomy The presence or
absence of a pentoneil sac the anatomy of the hiatus and of the left gastric
artery are the deciding factors

THE IMPORTANCE OF AN ACCURATE DIAGNOSIS

[t 1s reasonable to mquire what 15 the practical value of being able to distinguish
between a gullet partially lined by columnar epithelium and a shding hiatal hernma
Both seem to produce similar diseases and all one need know s that there are
two condsttons which may be different i onigin but which result i the same
defects It 1s possible to make a case agamst this argument thus

(1) In sding hiatal hernia the abnormal segment 1s a part of the true stomach
this condrtion 1t s neither true stomach nor oesophagus How 1t may behave physio
logically and pathologcally 1s tmpossible to predict

(2) When the lower part of the gullet 1s lined by columnar epithelum the cardiac
valve (if one exists) lies beyond the point where the epithelia change After a shding
hiatal hernia has been reduced the cardiac valve and the change over n the eprthelia
correspond m level

(3) In sliding hiatal hernia competence of the cardiac vahe 15 attamed by restoring
the parts to their normal anatomical posttions Symptoms due to the abnormality under
constderation can seldom be cured tn this stmple way because there 1s no herma to
reduce and because the mflammation i the gullet 15 not always due to imcompetence
at the cardia

(4) Thestrictures which occur as a result of the lower gullet being lmed with columnar
epithelium are generally situated higher 1n the mediastinum than those due to a shding
hiatal hernta This increases the techmcal difficulties of reconstituting the alimentary
canal after excision

(5) Barrett s ulcer 1s rare as a complicatron of shding hiatal herma (but peptic
ulcers oceur in para oesophageal or rolling hernias) It 1s relatvely common 1f the
lower part of the gullet is ined by columnar epithelum and 1ts presence rasses difficult
problems of treatment

(6) It 1s probable that the majority of columnar cell carcinomas arising i the
gullet (as opposed to the cardiac end of the stomach) grow from a segment whose
lining 1s abnormal The treatment of cases of ths type has not been specifically considered

by surgeons as yet The n relation to and excision may not
the same as 1t 1s when the growth is squamous or truly gastric 1n origin
TREATMENT

The lower oesophagus lined by columnar epithelium has not been recognized long
enough for anybody to be dogmatic about treatment The following observations
represent 1deas rather than techniques of proved value

Some of the patients can be controlled by conservative treatment and since the
alternatives are drastic this should be tried at first If a stricture 15 present and the
diagnosts has been established 1t may be permussible to dilate the stricture through
an oesophagoscope and persist with medical measures this applies espeaially to
elderly patients

Before contemplating a major surgical operation the following pomts must
be remembered

(1) The anatomy of the gullet the stomach the perntoneum and of the gastro
oesophageal ligaments 15 normal There 1s no hermia to reduce Jf a stricture or 2
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CHAPTER 10

THE REGULATION OF GASTRIC EMPTYING
J N Hu~r

INTRODUCTION

ONCE a man has chosen tasted and chewed his food and begun to swallow 1t
the bolus shps suddenly imto the grip of a chain of reflees from which there 1s

normally no return (Cannon 1911} If all goes well there 1s no awareness of
digestive activity except a sense of satisfaction Any other form of sensation ansmg
duning digestion may be regarded as dyspepsia which 15 the point of view of many
patients who complain for example of wind gurghings splashings fullness and
nausea but not ly of pamm D of gastric are potent
causes of dyspepsia unduly rapid emptying may give nisc to gnping sometimes
followed by a purge unduly slow emptying 1s often associated with a sense of full
ness and loss of appetite In some these are not ly the
result of a gastric disorder but depend rather upon an 11l choice of food or upon a
low threshold for dyspepsta in the central p

No one can be considered immune from dyspepsia but certamnly 1n some people
the alimentary tract seems to tolerate several severe simultaneous insults any one
of which 1n 2 muld degree would gine nse to dyspepsia in others Such sensitnve
persons may be said to have a low eupeptic reserve somewhat analogous to a low
cardiac or respiratory reserve

Dyspeptic patients can sometimes be helped by taking a careful history and
providing some alterations of regime based on a knowledge of the physiology of
the receptors concerned

Knowledge of the factars which operate alimentary mechatsms may be of
mportance 1n another context In severe illness the patient 15 sometimes denied all
choice of food and spectal muxtures are fed by tube Constderation of the calonc
content and of the end products of metabolism of such mixtures must be har
montzed with the of al y comfort For ob the
knowledge that sol of glucose 1f leave the stomach stowly may
actually belife saving in preventing inhalation of vomit during anaesthesia inlabour

In this chapter it 15 intended to discuss the mechanism of gastric emptying and sts

by 1 the upper al 'y tract

GENERAL PRINCIPLES

Gastric emptying 1s arranged sn such a way that the stomach transfers 1ts contents
to the intestine as quickly as possible without injury to the absorbing mechanism
and without overwhelmung the storage tissues
Intestinal protection
The regulation of gastne emptying can be most easily understood 1n terms of an
interplay between three guiding principles The hming of the stomach 1s more
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{4) The patient has a Barrett s ylcer

Surgical treatment 15 essential in most of these cases but not before every effort
to establish temporary healing has been made Bed rest and a jejunostomy for feeding
are the best preliminartes These ulcers probably behave like gastric ulcers and some
can be induced to heal As they heal the oederna 1n the sucroundng tissues subsides
and a patient who has complained of dysphagia may swallow again ‘To operate before
taking these precautions s to nvite techmical difficulties There 1s no informatron as to
whether an ulcer which has healed will remam quiescent and the general feeling at the
moment 1s that it should be removed To achteve this the lower part of the gullet must
be mobilized and the mass of inflammatory tissue around the ulcer stself makes this
step difficult and d; Befare o the gullet away from the
aorta the latter should be separated above and below the level of the ulcer so that it
can be temporanly clamped off if serious bleeding should occur Having dissected the
gullet free the lower part contaming the abnormal epitheltum and the ulcer must be
excised and the continusty of the alimentary canal restored

(5) The patient has a combination of pathological lesions
In these crrcumstances there will seldom be any alternative but to resect the whole of
the abnormal area 1f a sliding hiatal hernia 1s also present 1t must be reduced mn order
to achteve a competent cardea or excised with the lower part of the gullet

(6) The patient has a columnar cell carcinoma in the gullet

If the growth be situated at the lower end and m proumity to the stomach the
treatment will be rescctton and some type of anastomosis In many cases the most the
surgeon can offer 1s that he can so arrange matters that the pattent can swaltow There
15 no Justification in the author s opimion 11 opening the chest in such a case  finding
the growth to be moperable and saymg nothing can be done Whatever 15 found the
patient s dysphagia must be cured Ttus at least can be done n practically every case

If the carcinoma 1s at the level of the aortic arch or higher there 1s less expertence
to draw upon Two points suggest themselves It may be that some of these cases will
respond to radiotherapy better than one hopes and this kind of treatment could be a
vatuable prelimmary to surgical excision  Such problems have been reviewed by Smuthers
(1956 1957) The other pomt is a surgical one what should one excise? The whole of
the lower cesophagus and most of the stomach and 1ts mesentenes or more smply
the growth and the tissues i its hood? Either coult
mvolve plastic procedures such as reconstruction of a bronchus and perhaps replace
ment of a segment of the gullet by a surtable graft
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FUNCTIONAL SIGNIFICANCE OF THE SHAPE OF THE STOMACH

seen radiwologreally to pass along the gastric axis—there 15 hittle doubt that pery
stalsis 1s responstble for the mamn part of the transfer of the gastric contents to
the duodenum

FUNCTIONAL SIGNIFICANCE OF THE SHAPE OF THE STOMACH

Tension of the stomach wall
Cannon (1911) drew attention to the importance of the shape of the stomach 1n
determming the site of onigin of gastric penstaltic waves He postulated that a
particular tension was necessary to stimulate gastric smooth muscle to contract
rhythmcally A tension less than threshold had ne effect and a tension greater
than the effective tenston made the muscle refractory

1t may be shown by simple physical experiments that the tension in the wallof a
cylinder 1ncreases as the radius of the cylinder increases 1f the contents remain at
constant pressure The examnation of a balloon at its maximal circumference
and at its nech will clanfy this pownt

1f a full stomach were to be straightened out it would have roughly the form of an
mverted cone with the result that the radius of a horzontal cross section and
consequently the tension m the circumferential fibres will be greater m the fundus
than in the antrum It might be supposed therefore that giving 2 meal of very large
volume would so distend the stomach that the tension 1n the ciccumferential
fibres would exceed the tenston required to promote penistalsis tn all except the
fibres of the antrum where the radius 1s mummal and that pernstalsis would be
confined to the antrum As the stomach empties the site of origin of the pernstaltic
waves should gradually move towards the fundus only to be displaced towards the
pylorus when a further volume of meal was taken Much of this was observed by
Cannon (1911) 1n cats with the spinal cord destroyed and Hils and Hunt
(unpublished) have confirmed these findings in a few students using meals of 1 250
mullilitres of barum suspenston

Effects of distension

Cannon (1911) noted that distension of the stomach with a meal caused the
onset of peristalsis but this took place only when the muscle was 1n a state of tone
and resisted the distension Dhstension of the flacaid stomach did not promote
penstalsis When an anaesthetized cat with intact vagt was given a meal penstalsis
began within 2 mmute or two If the vag were cut at this stage emptying was
unaffected and proceeded normally but if the vag: were cut before the meal was
introduced then emptying took much longer to become established Tt 1s perhaps
reluvant that Douthwaite and Thorne (1951) who gave hexamethonium bromide
to patients with duodenal ulcers—a measure which might be regarded as a pharma
cological acute vagotomy—noted that the trme required for gastric emptying to be

\: d was dma fi proportion of therr subjects It seems
reasonable to suppose that smpulses n some vagal fibres adjust the tone of the
stomach to the volume of the meal ingested with the result that the tension of the
gastric smooth muscle 15 switable for the imitiation of 1ts penstalsis Reflex effects
on gastric motility have been produced by stimulating the central end of the vaguy
1n cats (Harper et al  1956) and Pamntal (1954) has described the charactenstics of
gastric stretch receptors which mught 1nitiate such reflexes
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THE REGULATION OF GASTRIC EMPTYING

robust than the duodenal jejunal and ileal mucosa which 1s functionally and
structurally deranged even by distilled water (Denms 1940 Blickenstaff 1954)
A very slow rate of gastric emptying will provide a mimimal stress on the intestinal
mucosa since 1t allows ndequate time for dilution by secretion 1n the lumen

Smoothed absorption

Ahmentary function 1s so arranged that the Iner pancreas and the storing
tissues are not usually overwhelmed by a sudden rise 1n the concentration of
digestive products in the blood For example 1f large amounts of carbohydrates
are suddenly run mnto the gut they may so raise the blood sugar that 1t exceeds the
renal threshold and sugar s fost in the urine The stomach contnbutes to thts
princtple in that gastric transfer of concentrated solutions of foodstufls mnto the
gut 1s slower than that of dilute solutions

These two principles—that of intestinal protection and that of smoothed absorp
tion—are mediated by the regulation of gastric emptying

The law of Marbaix
An antigomstic principle which must also be considered 1s the law of Marbaix
(1898) that the rate of emptying of the stomach 1s proportional to its distension
These three prnciples govern the rate of presentation of material to the intestine
in terms of an integratton of the volume the concentration and the nature of the
pastric contents

Gastric emptying

Under the heading of reservoir function of the stomach 1t 1s important to clear
away a misconception which appears to be widespread The stomach does not
recense food digest it and after a period begin to present 1t to the small ntestine
Gastric emptying normally begins within a few munutes of gastric filing (McClure
etal 1920) Thus at the cost of some food receiving almost no gastric digestion
the small intestine 1s quickly set to work digesting and absorbing There 1s evidence
of this 1 the rise m the level of glucose m the blood which occurs within a few
minutes of the ingestion of solutions of sucrose

Composition of the chyme

The compostion of the matenial which the stomach transfers to the duedenum
probably varies as gastric d P ds and as the h adds acid and
pepsin to the meal This view mught be disputed on the ground that gastric digestion
matnly nvolves only the susface of the gastric contents which 15 1n contact with the
pastric mucosa so that p )} of d materal from a sold
~ore would mnmuze the change in compositon of the chyme This 1s true of the
at (Grutzner 1905) but m man the gastric contents are usually too Iiquid to
satisfy any hypothesss depending upon a solid central core of food

PROPULSIVE MECHANISM OF THE STOMACH

Peristalss

Although gastric emptying may occur 1n the apparent absence of penstalsis

(Barclay 1936 Shay and Getshon Cohen 1934)—that 1s a wave of constriction
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THE PATTERN OF GASTRIC EMPTYING

Regulation by the antrum the pylorus and the bulb

There are two possible schools of thought on the final method of regulation of
the gastroduodenal pump On the one hand the pylorus may be regarded as the
sole regulator so that vigorous peristalsis continues unabated against varying
degrees of resistance of the pylorus on the other the antrum pylorus and
bulb may be regarded as a single functional wmt with the actwaty of the com
ponent parts varying 1t a ¢o ordinated manner The majority of the evidence
obtamed from dogs 1s 1n favour of the second hypothesis but under some cir
cumstances in man the pylorus does appear to be resisting successfully the powerful
propulswve activity of the antrum Furthermore the duodenum has been demon
strated to have a faster thythm than the stomach Not only do different techmques
guve different results but investigators very properly grve the most weight to the
phenomena which they see most frequently Chnicians see different patients every
day for each patient the examrnation 15 a significant event giving rise to some
anxiety Those who work with dogs have 4 or 5 dogs which usually compete for
the attention of the exammation and are often exarmined 50 or more times Itis
not surprising that the results of these various studies differ On the other hand
when test meal studies of man are made 1n the laboratory 1t 1s remarkable that
successive expertments including the first give very similar rates of emptying m
each subject It must be supposed that 2 given emptying can be achieved 1n a
variety of ways and that 1t 15 emptying which 1s reproducible but the mode of
emptying which 15 vanable

THE PATTERN OF GASTRIC EMPTYING

From studies with test meals 1t 15 known that the stomach has a defimite pattern
of emptymng anexample of which 1s shown in Fig 65 On the ordinate s given the
volume of the onenal meal remaimng at times shown on the abscissa These data
were obtained by giving 19 subjects 190 standard test meals of 750 mullilitres
(Hunt and Spurrell 1951) The gastric contents were withdrawn after varying
penods on different days From the amount of dye remaining in the stomach the
volume of oniginal meal remaiming was calculated From the shape of the regular
curve 1n the figure 1t may be seen that emptying of the meal becomes progressively
and regularly slower as time passes As two thirds of the results of these serial
test meals fell within the area outhned by the broken lines 1t may be appreciated
that there is remarkably little mtersubject varation under these experimental
conditions The pattern of emptying shown m Fig 65 may be presented in another
way by plotting the volume of the meal rematning 1n the stomach on a logarithmc
scale agamst trme on a hinear scale with the result that the pomts fall on a straght
lIine An example may be seen 1n Fig 66 which gives data for a pattent with a
duodenal ulcer This form of may be d bed as e 11n that a
fixed fraction of the volume of the meal leaves the stomach per runute the pattern
of emptying shown in Fig 65 corresponds to an emptymg of about 3 per cent of the
volume of the meal remamming 1n the stomach per minute The time course of
gastnc emptymg s thus similar in form to that of the decay of a radioactive materral
so that gastric emptying may also be described 1n terms of the half Life of the process
which 15 22 minutes for the mean data of Fig 65

167




THE REGULATION OF GASTRIC EMPTYING

THE GASTRODUODENAL PUMP

Penistaltic rate

Studies with radio opaque meals have established that the penstaltic waves sweep
over theantrum but that when there 1s matersal 1n the antrum its systole does not
expel the whole of its contents into the duodenum The usual rate of perstalsis 1s
about 4 cycles per minute 1n man and an ordwary rate of gastric emptying 15
about 10 mullihitres per minute assuming therefore that every systole expels
some of the gastric contents the stroke volume 1s 2-3 millilitres The remainder of
the antral contents must escape 1nto the mam body of the stomach through the
advancing penstaltic ning as originally reported by Cannon (1911)

Pressure gradients between the stomach and duodenum

Quigley and Brody (1944) provided more details by studying in dogs the pressure
gradients between the h and 1he duod: ! 1y with the resultant
movement of the gastric contents They reported that the movement of material
began whilst the gradient was 3-4 centimetres of water and that there was a nise
m antral pressure which preceded and outlasted that in the duodenal bulb the
two cavities being separated by a closed pylorus during the period when their
pressures were lughest The closure of the pylorus began wlulst the gastric contents
were being discharged into the bulb thus accounting for the squirting action of the
pylorus reported by early workers from their studies 1n dogs with duodenal
fistulas (Carnot and Chassevant 1905) After the pylorus had divided the bulb
from the antrum the pressures in both cavities reached 20-30 centimetres of water
5o that there was presumably some resistance to the onward passage of the contents
of the bulb It may seem cunious that movement of the gastric contents shovld
depend upon gradients of a few centimetres of water whilst subsequently tenfold
tugher pressures were recorded However the pressure within a cavity 1s not a good
tndex of the tension 1n 1ts wall unless the raduus 1s constant These high pressures
were recorded when the lumina were mimimal so that they may represent relatively
low tensions 1 the walls of the antrum and duodenum

Prevention of backflow

1t 1s nteresting to note that 1n this outle of the cycle of the gastroduodenal
pump the pylorus limits the duration of outflow from the antrum and would
prevent backflow from the duodenum mto the antrum were the pressure gradrent
favourable for this event It 1s therefore remarkable that Crider and Thomas
(1937) found that wedging open the pylorus in dogs did not alter the gastric empty
tng time This observation does not indicate that the pylorus normally has no
function but merely that when its function 1s prevented secondary regulating

mechanisms cover up the defi As will be di d later the 100
and volume of the duodenal powerfully mnfl gastric perstalsis and
emptymng It must also be borne in mind that strmuli acting from within the stomach
hayve been shown to the of the to filling (Gregory

1950) The role of the pylorus 1n restraiming backward movement of duodenal
contents 1s not its only activity for 1t may also limut onward progress from the
stomach as may often be observed radiologically in man
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INFLUENCE OF THE VOLUME OF A TEST MEAL

TABLE
SCHEME FOR THE REGULATING MECHANISM OF GASTRIC EMPTYING
Stimil & Receptors | Effects

Acid 1 meal Precardral Slows emptying
Increase 1o volume of meal Gastric Hastens emptying
Actd 10 meal Postpylonc Slows emptying
Glucose potasstum salts and

fat 1 meal Postpyloric Slows emptymg
Volume of gastric outflow Postpyloric Slows emptying

INFLUENCE OF THE VOLUME OF A TEST MEAL

A test meal must of necessity have volume and composition both of which have
their influence on gastric function so that an understanding of gastric emptying
must be based on studies of both these varables Because the possibility of
vaniations of volume 1s less than that of vanations of composition which range
from plan water through the highest flights of good living the influence of volume
on gastric emptying will be constdered first

Yolume

It was shown by Van Liere et al (1937} that doubling the volume of a radio
opaque meal lengthened but did not double the gastric emptying time The rate
of gastric must th have been d but the radiol 1
techmque was not sufficiently precise to allow quantitative studies of the rate of
emptying throughout the digestive period To obtain data on the influence of
volume on gastric emptying serial test meal studites were made in 20 normal
persons (Hunt and Macdonald 1954) Fig 67 shows data on the rate of emptying
of the gastric contents after taking test meals of 330 750 and 1 250 mullilitres of a
solutton contaimng 35 grammes of sucrose per hitre The results are those for one
subject who had a very rapidly emptymng stomach The 1nitial stage of emptymng
with the largest meal was accompanied by sweating of the face a sensation of
coldness 1n the limbs and a nise of 20 mullimetres of mercury 1n his diastohc
arterial pressure The subject remarked that he normally sweated after meals
This syndrome 1n a normal subject presumably corresponds to one type of post
gastrectomy syndrome

Payimg attention to the period 0-10 minutes it may be seen that as judged
from the volume of the meal remaming the larger the meal the quicker the imitial
emptying After this first period however the smaller the origmal meal the quicker
was the emptying The result 1s that with the largest meal the stomach gave a large
priming charge to the intestine which then recenved matenal at an almost constant
rate With the smallest meal the initial emptying was less but at a time when the
emptymng of the large meal had slowed the rate of outflow of the smallest meal
reached a high rate Of necessity this rate declined rapidly The effect of this
patiern of emptying 15 that with the largest volume a considerable proportion of
the meal must enter the intestime after only mmimal opportunity for intragastric
digestion On the other hand a portion of the largest meal wall remain 1n the
stomach for a longer period than any of the matenial given as the smallest meal
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THE REGULATION OF GASTRIC EMPTYING
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FIG 65 —Volume of meal remaiming 1n Fic 66 —The gastric emptying pat
stomach plotted agamnst ttme (By tern for 750 mullilitre test mealina
courtesy of the Eduor of 3 Physiol ) patieht with a duodenal ylcer

This particular pattern of emptying was first described by Marbarx in 1898
and has since been confirmed by Salamanca and Picazo (1943) and Hawkins et al
(1953) The pattern 1s usually remarkably stable and robust It 1s relatively un
influenced by some conditions which alter gastric secretion as 1s well shown by the
data of Thornton et al (1955) who suppressed secretion by producing pantothentc
actd deficiency 1n man leaving gastric emptying unchanged On the other hand n
women there 1s a simultaneous change 1n gastric emptying and secretion n the
middle of the menstrual cycle (Macdonald 1956)

There are two ways tn which the stomach might be regulated to give emptying
of an exponential form either the frequency of the strokes of the pump might
become exponentially less or the stroke volume of the pump mught become
progressively less Radrological studies suggest that the frequency of the pump
varies very little from 3 to 5 strokes per minute with the ymplication that the
stroke volume of the pump becomes less as the volume of the gastric contents
falls a relationshup stmilar to that described by Starling s law of the heart lung
preparation

REGULATING MECHANISM OF GASTRIC EMPTYING

of e 1c p

The stomach 1s stimulated to empty by the volume of 1ts contents but its emptying
activity 1s governed by sttmuli which operate on extragastric receptors proximal
to the cardia and distal to the pylorus Theterm governed 1s used m a mechantcal
sense 1n that all the extragastric receptors which have been disclosed can be
explamned as imhibiting gastric emptying A list of the sumult which operate the
receptors mfluencing gastric activity 1s given 1n the Table The operation of the
receptors distal to the pylorus 1s important 1n giving the reproducible pattern of
emptymg shown in Fig 65 for when test meals which exert 2 minimal action on
the postpylonic receptors are fed the reproducibility of the results 1s greatly
reduced (Hunt 1956) On the other hand the viscosity of the test meal wiich might
be exp d to nfl the of the gastroduodenal pump directly
had no detectable influence on gastric emptying (Hunt 1954) Ths finding allows
unthickened fluid test meals to be used 1 most errcumstances which 15 1 con

siderable practical convenence
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INFLUENCE OF SOME SOLUTES IN TEST MEALS

ntestinal absorption of the imtial priming charge plus the slow steady addition
during the expenential phase of emptying 1s outpacing the rate of gastric emptying
Stnce the stomach 1s usually empty at the begmmng of meals (Roberts 1956)
such a termination to an exponential emptying pattern was to be expected

‘Whether or not this type of emptying pattern is typical of the response to normal
food 15 still open to doubt although there 15 some radiol 1 evidence which
suggests that the stomach treats normal meals 1n this way (McClure et al 1920
Wilson et al 1929) Moreover exponential emptying does not depend upon any
special composition of the test meal since 1t occurs with vanious concentrations
of sugar (Hunt and Spurrell 1951) and 1n the presence of bread (Salamanca and
Picazo 1943)

From what has been written above it follows that the mechamism which regulates
gastric emptyng behaves as though 1t had a memory For example when the
volume of the gastric contents 1s 250 millilitres the rate of emptymng wall depend
upon whether this volume 1s the remnant of a 1 250 a2 750- or a 330 millilitre meal
Nor 151t possible to dismuss ths effect as simply the inhibitory action of the volume
1 the intestine acting to slow gastric emptying the enterogastric reflex of Thomas
etal (1934) for 1t has been found that the second of two meals given in succession
empties more quickly than the first (Hunt and Macdonald 1954)

INFLUENCE OF SOME SOLUTES IN TEST MEALS

Modification of osmotic pressure
It has been suggested that the stomach 1s a diluting reservoir which serves to modify
the osmotic pressure of the gastric contents until 1t 15 150 osmotic with plasma
In more recent work however (Shay and Gershon Cohen 1934 Van Liere and
Sleeth 1940) the emphasis 15 placed on the regulation of gasinc emptying by a
duodenal mechamism which thus mimimizes the osmotic stress placed on the
delicate mucesa of the small intestine Moreover as test meals of high osmotic
pressure do empty into the duodenum before there 15 opportunity of intragastric
reduction of their concentration the effective diluting function of the stomach 15
minmat

‘When the osmotic pressure of a test meal 1s twice as high as that of the plasma
the time of most rapid emptying 1s at the beginming of the digestive period before
dilution can occur (Hunt and Macdonald 1951) Appesly (1926) pointed out that
test meals contaming 100 milliequivalents of sodium chloride per htre emptied verv
quickly Shay (1944) confirmed many of Apperly s findings by radiology and i
particular showed that solutions introduced directly into the duodenum nfluenced
gastric emptying Indeed the threshold of the d 1 receptors ding to
composition appears to be lower than that of any similar gastric receptors which
may exist (keeton 1925 Luckardtetal 1919) so that the regulation of gastric
emptying i fesponse to change of composition of the gastric contents appears to
depend mamly upon receptors distal to the pylorus (Marbax 1898) Shay and
Gershon Cohen (1934) were able to confirm that dilute soluttons of sodium chloride
and bicarbonate left the stomach more quickly than water but on the question of
delay i emptying produced by sugars Shay (1944) wntes  for delay in emptying
hypertonicity of the solution 1s a prerequisite  Howeser a repetition of expen
ments simlar to those of Shay using single withdrawals of the gastric contents
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THE REGULATION OF GASTRIC EMPTYING

The emptying patterns for the three meals shown in Fig 67 do not at first sight
appear to be susceptible to simple quantutative description but the relationship
between these three patterns can be brought out more clearly by plotting the volumes
of meal remaining 1n the stomach i the way shown in Fig 66 with volume ona
loganthmic scale against tume on a linear scale This has been done 1n Fig 68
which shows that for all three meals there was a part of the emptying pattern during
which a straight line describes the relation between the volume of the meal 1n the
stomach on a loganthmc scale and time For the meal of 750 millilitres this near
phase appeared to begin at zero uime 1nd to continue until the volume of meal was
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Fic 67 —The effect of the volume of FIG 68 —The emptying pattern of the
meal 1ngested on the mean rate of meal for subject M BR M initial
emptying of the gastric contents volumes 1250 750 and 330
(MBRM) (By courtesy of the millilitres  (By courtesy of rthe
Editor of J Physiol ) Editor of I Phystol )

less than 40 milliltres after which the rate of emptying 1s known to be quicker
than 1s demanded by the hnear relatronship (Hunt and Spurrell 1951) For the
largest meal the initial rate of emptying was faster than 15 demanded by the
linear relationship and there was also a terminal portion of 300 nullilitres of the
meal which left faster than 1s required by a continuation of the hinear relationship
From a continuation of the hne for the smallest meal towards zero time 1t
appears that the rate of emptymng only slowly worked up to the rate to be expected
during the limear portton of the relationship between log volume of gastric contents
and time A first fast phase of the emptyng pattern was not detected with the
smallest meal Looking at the sets of data for the three meals it may be seen that
each has a linear phase and that the slope becomes steeper as the volume of the
meal becomes less Expressed 1n another way the percentage of the meal emptying
decreases as the onginal volume of the meal 1s increased and the effect of these
two changes 1s that for the central part of the digestive persod the rate of outflow
from the stomach with large meals 1s actually less than 1t 1s with small meals
as has already been shown in Fig 67 Consideratton of this rather surprising finding
however must include the fact that with the large meal the intestine recenes a
large primuing charge The increase in the rate of emptying at the end of the digestne
period has the result that matertal which has had an opportunity to be digested 1n
the stomach 1s run into the wntestine at a faster rate than 1s the same matenal dunng
the exponential phase of gastric emptymg Presumably this occurs at a ttme when
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ANALYSIS OF GASTRIC EMPTYING IN PATIENTS WITH DUODENAL ULCERS

an alcohol with the same molecular weight as glucose and of potassium chlonde
all of which slow emptying as their concentration rises from zero A detailed
discussion of these data 15 given elsewhere (Hunt 1956) They can be interpreted
on the hypothesis that there 1s a single receptor mechanism 1n the duodenum and
sl intestine which 1s selectively sensuive ta changes in effective osmotic pressure
of the effluent from the stomach The common action of urea and sodium 15 of
interest Since the majority of cells are penetrated by urea 1t 1s part of the working
hypothesis that the receptor mechanism 15 permeable to both urea and sodium
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ANALYSIS OF GASTRIC EMPTYING IN PATIENTS WITH
DUODENAL ULCERS

The confirmation of the work of Apperly and Shay that solutions contarming 100
milliequivalents of sodiim chlonide per Iitre left the stomach rapidly suggests a
use for such test meals If these solutions leave the stomach more rapidly than any
other their rate of emptying rmght be used as an index of the propulsive power of
the stomach Thus by giving test meals of saline solution 1t should be posstble to
divide people into those with high and those with low gastric prapulsive power The
rate of emptying of a meal of a solution of glucose would then depend upon
the interaction between the propulsie power and the opposing action of the
duodenal braking mechamsm operated by glucose Having an index of the
propulsive power 1t should be possible to compare the power of the duodenal
brake 1 different persons
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THE REGULATION OF GASTRIC EMPTYING

after 30 minutes showed that even concentrations of sucrose gving a test meal of
osmotic pressure half that of plasma slowed gastric emptying relatne to test

meals of distilled water with solutions of sucrose approximately 150 osmottc
with plasma the slowing of emptying was even greater (Hunt 1954)

These findings were clearly at vaniance with the hypothesis that the stomach may
be concerved as acting as a reservorr protecting the small intestine from osmotic
stress since by this concept meals hypo osmotic as well as hyperosmotic relative
to plasma would be considered to provide stress These observations prompted a
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Fic 69 —The mfluence of the concentration of several solutes on the volume of the
gastric contents 20 minutes after taking a 750 milhilitre test meal (By courtcsy of
the Edttor of J Physiol )

study of the mfluence of a variety of solutes on the emptying rate of test meals
The results of a study on one subject confirmed by simular results in many others
are shown in Fig 69 The subject was given test meals of 750 millilitres of solutrons
containing various concentrations of solutes and the gastnic contents were with
drawn after 20 minutes In Fig 69 the volume of the recovered gastric contents has
been plotted agamst the concentration of solutes expressed in milliosmols per
litre of test meal This has the result that equal numerical values on the abscissa
correspond approximately to equal esmotic pressures for different solutes It may
be seen that the solutes fall into two classes As the concentration of sodium chloride
sodium bicarbonate and urea nises from zero the volume of the gastric contents
remaining at 20 minutes decreases to a mmnimum only to nise agamn as the con

centration of these solutes increases above 250 milltosmols per litre In contraslt
to these results 1s the effect of increasmg concentrations of glucose of sorbito
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ANALYSIS OF GASTRIC EMPTYING IN PATIENTS WITH DUODENAL ULCERS

an alcohol with the same molecular werght as glucose and of potasswum chloride
all of which slow emptying as their concentration nises from zero A detailed
discussion of these data 15 given elsewhere (Hunt 1956) They can be interpreted
on the hypothess that there 1s a single receptor mechanism 1 the duodenum and
small intestine which 1s selectively sensitive to changes 1n effective osmotic pressure
of the effluent from the stomach The common action of urea and sodium 1s of
interest Smce the majonity of cells are penetrated by urea 1t 1 part of the working
hypothess that the receptor mechamsm 1s permeable to both urea and sedium
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ANALYSIS OF GASTRIC EMPTYING IN PATIENTS WITH
DUODENAL ULCERS

The confirmation of the work of Apperly and Shay that solutions contarning 100
milhequivalents of sodium chlonde per litre left the stomach rapidly suggests a
use for such test meals 1f these solutions leave the stomach more rapidly than any
other theic rate of emptying mught be used as an index of the propulsive power of
the stomach Thus by giving test meals of saline solution 1t should be possible to
divide people 1nto those with high and those with low gastric propulsive power The
rate of emptying of a meal of a solutton of glucose would then depend upon
the between the propul. power and the opposing actron of the
duodenal braking mechamism operated by glucose Having an ndex of the

propulsive power it should be possible to compare the power of the duodenal
brake n different persons
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The mean volume of the gastric contents with the saline-solution meal at |0 minutes
was 427 milltlitres (S E + 20) 1n 47 male students without duodenal ulcer and
370 mulhlstres (SE + 31) m 16 patients with duodenal ulcer the difference was
not sigmificant at the 1710 level By this test therefore there 1s no difference in the
propulsive power of the stomachs of a group of male patients with duodenal
ulcer and a group of normal male students Furthermore normal men and women
have equal propulsive powers

In Fig 70 the volume of the gastric contents passing through the pylorus with the
saline solution meal in the first 10 minutes has been plotted against the volume of the
gastric contents passing the pylorus with the meal of glucose solution in the first
30 munutes for 27 normal students and 16 patients with duodenal ulcer The data
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for both groups are so freely mtermixed that there 15 no clear difference between
the effectrveness of the osmotic brakes 1n the two groups It should be noted that
none of the patients with duodenal ulcers had any clinical evidence of pyloric
stenosis .

Occastonally 1t may happen that after partial gastrectomy patients complain o
an uncomfortable sense of fullness and on radiological exammation the meal of
banum sulphate 1s seen to leave slowly In such crrcumstances there 1s the posst
bility that the gastric musculature may be weak that the mhbitory mechanism
operating from the small mtestine may be overactne or that the surgeon rnn)]’
have made the stoma too small One such patient grven a 500 mulltitre test n;cd'xo
of salme solution (100 milliequivalents of sodium chloride per litre) emptied
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millilitres of 1t 1n 20 minutes havmg previonsly complained that water produced a
prolonged sense of distension After the test it was apparent that the stoma was
adequate and the patient ceased to complain within a few days The result of thrs
test suggests that where slow gastric emptying 1s undesirable—for example after
or 3t mught be ad to give the patient a saline

solution contaming 100 mitkeguivalents of sodum chlonde per litre thus 15 by
no means unpalatable

Having failed to discover in patients with duodenal ulcer any defect 1n the
duodenal receptors responding to glucose 1t was decided to investigate the influ
ence of acid on gastric emptying Shay (1944) suggested that gastric emptying mn
anacud subjects was particularly susceptible to the slowing action of acsd which 15
confirmed by the data for normal subjects asshownin Fig 71 The mean slowing of
emptying of meal by the added acid was 37 millilitres 1n 30 minutes there was also
a sigmificant trend for the normal subjects who secreted least acid in response to
the control meal to have therr emptying most delayed by the added acid Shay
further suggested that 1n patients with active duodenal ulcer acid was less effective
in slowing emptying than it was in normal subjects The data shown n Fig 71
do not confirm this the mean slowing of emptying bemng 37 mullihitres in normal
subjects and 38 mullilitres i patients with duodenal ulcer

As the patients with duodenal ulcer secreted on the average about twice as much
acid as the normal subjects 1t would be expected from the relationship between
secretion and the slowing of emptying by acid shownn Fig 71 for normal subjects
that acid would be less effective an patients with duodenal ulcer than m normal
subjects This 1n fact was not the case and 1t appears therefore that the mechan
1sm by which the duodenum slows emptymg 1n response to acid 15 1f anything
more effective 1n patients with duodenal ulcer than 1t 15 1n normal subjects

It 1s remarkable that investigations with test meals which are sufficiently
sensittve to show that a group of patients with duodenal ulcer secreted about
twice as much as normal subjects have failed to give any convincing evidence that
gastric emptying of saline solution meals or of meals of solutions of glucose or
of acid 1s abnormally fast in patients with deodenal ulcers

CONCLUSIONS

This account of some of the variables which influence gastric emptying may have
some practical value n that st should establish that the stomach gives a reproducible
respouse to a standard stimulus Thus a regime which 15 correctly founded may be
expected to influence gastric function consistently The numerical values given
may be of use m decrding the quantity and composition of the food which
should be adminstered when the palate no longer serves as a guide

These pomts have therr mam sigmficance i allowmng chinicians to treat the
stomach with the faith that gastric emptying 15 not caprictous and that 1t can be
controlled by simble measures
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CHAPTER 11
ANACIDITY
W I CARD AND W SIRCUS

Historical introductron

Tue discovery of the secretion of hydrochtoric acid by the stomach and the develop
ment of tests of gastric function made inevitable the detection of gastric yuice n which
no acid was present In 1894 Topfer s reagent (0 5 per cent dimethylaminobenzene in
95 per cent alcohol) was introduced and the term  free acid was used to denote the
acid titratable up to the change n colour of the reagent The term total acid was
used to describe the titratable acid up to the change m colour of phenolphthalemn The
difference between these two pomnts was described as  combined acid  The term
achlorhydria® was used to describe the condition in which stomach juice failed to change
Topfer s reagent though as 1s now known this change takes place at 2 pH of about
3040 Achlorhydna and anacidity used interchangeably became current m
various countries during the last decade of the last century The term  achyha gastrica
meaning an absence of any gastnic secretion was apparently first used by Eswmhorn
(1892)

In the Jast quarter of the nineteenth century the 1onic theory of electrolyte soluttons
gatned increasing acceptance and wath it the concept of an acid m terms of the con
centration of hydrogen 10ns The use of the notation pH the negative logarithm of the
concentration followed 1n the first decade of the twentieth century Though the acidity
of the gastric contents was first measured with an intragastric electrode by McClendon
(1915} the defimtion of achlorhydria meaning  absence of acid as detected by Topfer s
reagent continued and 1s still extant at the present day Ths definition has produced
1he situation that after stinulation of gastric yuice acid 13 smd 4o be absent at a pH of
50 while at the same concentration of hydrogen tons another body fld the urine 1s
sard to be strongly acsd This kind of anomaly which depends on the arbitrary nature
of any defimtion of achlorhydria was clearly recogmzed by Keefer and Bloomfield
(1926) 1t has recently been discussed by Shay et al (1950) who concluded that since
the pH of canine mucus was 8 2 achlorhydria could not be said to be present unless
the gastric secretion was at ali times about 8 2 or higher They naturally observed that
true achlorhydna must be very rare indecd Any defimtion must clearly depend on the
nature of the secretory stimulus the method of collection of the juice and the method
of testing for the presence of acid The Mstory of tests of gastric secretion has been
marked by the use of powerful h 1msulin and latterly
histamine m much larger doses coupled with an anthistamine drug (Kay 1953)
by more certatn methods of obtaning gastric secretion and by more refined methods
of testing for the presence of acid This has resulted in an increasingly nigorous defint
tion of achlorhydria

Throughout this chapter achlorhydria and anacidity are treated as synonymous
and achylia as tmplytng an absence of acid pepsin and intrinsic factor from the
gastric secretton Achlorhydria will be defined later

In investigating achlorhydria 1t 1s necessary to constder critically the measure
ment of acid gastric secretion and the various factors this exammation entails
These factors include those which influence and dilute the primary acid secretion

Thro gh tth hpt nd mms sed desl httht my sed dfinedbyth th g td
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the methods of stimulation the collection of juice and the methods of measuring
acsdity

DILUTION BUFFERING AND DIFFUSION

A number of vaniable factors serves to reduce the acidity of the contents during
tests of gastric function utthzing meals These include variation 1n the rate of
secretion and of emptying dilution of the juice by the test meal dilution and
buffering by swallowed saliva neutralization of the gastric secretion by regurpstated
small intestinal secretions and vanatton 1n the secretion of acd buffers produced
1n the stomach and possibly 1n the rate of backward diffuston of H 1ons (Teorell
1933 1940)

The effect of variations in the rate of emptying, and of secretion of the osmolanty
and viscosity of the test meal and of the dilution by the meal material upon the
recovered aciduty of the gastric contents has been studied (Huatetat 1951 Huat
1953 Hunt and MacDonald 1954 Hunt 1954) These workers have shown that
doubling the proportion of gastric leaving the h or doubling the
rate of secretion has equal effects upon the result of the test meal (Hunt 1953)
Thus no conclusion as to the secretory activity of the stomach can be drawn from
a study of the changes of the actdity 1n the fractionally withdrawn gastric contents

It 15 advisable to el saliva by and 1n pracuce this can be
adequately achieved by mstructing the subject to spit out accumulating saliva
The use of a dental type ¢ suction for saliva 18

found to strmulate salivary flow and to be uncomfortable for the patrent

Intestinal contents

The regurgitation of intestinal contents on the evidence of climical and expen
mental observation does not appear to play an important part 1n altening the
measured acid output from the secreting stomach Theoretically pancreatic
secretion 1s capable of neutrahzing an approximately equal volume of 01 N
hydrochloric acid but gastric function tests on Mann Wilhamson dogs with the
duodenal contents diverted to the 1leum showed no change from the normal
fractional gastric analysis curve (McCann 1929) and the acidity time curves of
the secretory response to meals 1n the 1solated fundic pouches of dogs show the
same curves and devatrons from maxtmal acidity as 1s found in fractional gastne
tests in man {Ivy et al 1950)

After higation of the common bile duct 1n expertmental animals the acid output
from the stomach was little altered (Hebert 1938) Likewsse in a study in man
i which bromosulphthalein was mjected ntr: ly and 1ts
measured tn the aspirated gastric juice 1t was found that duodenal regurgitation
played only a mimor part 1n buffering the acid gastric secretton (Shay et al 1932)

Non acid gastric secretions
The sigmificance of the non acid gastric secretions and its relationship to the
dilution and neutralization of acid 1s stilt sub yudice The non acid component has
been vartously called buffering secretion alkaline constituent diluting
secretion  and  non panetal component  and 1s essentially made up of the
mineral bases neutral chlorides bicarbonate mucin and pepsin
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This secretion has been evaluated by a study of the quantitative relations
between the secretion of acid and that of the various ingredients (Glass et al  1952)
These authors demonstrated that the non parietal component 1s not a specific
entity but a mixture of four complex secretions the pepsin together with some
electrolytes secreted by the peptic cells mucoprotein neutralchlorde and intrinsic
factor from the fundal neck mucogenic cells the secretions of the gland n the
antrum and cardiac region with mucus bicarbonate and possibly gastnn and
the mucoproteins calcium salts bicarbonate phosphate and neutral chlonde
tn the mucus from the surface columnar cells They deny the existence of the non
parietal entity described by Fisher and Hunt (1950) but appear to have misunder
stood the usage of the term by these authors They alse observed that not more than
15 per cent of the hydrochloric acid 1s bound by buffers origmating 1n mucrm
Stnce this 1s also true of pepsin which has insigmificant acid binding power (Glass
etal 1951) and since the buffering role of other organic substances derived from
the stomach 1tsel 13 wnvignuficant owing to their small concentration (Komarov
1938) 1t appears that most of the organic buffers of hydrochlonic actd are extra
gastric and derived from salvary and a hittle from duodenal contamination The
actron of the inorgantc buffers (bicarbonate and alkaline phosphate) 1s much more
important Teorell (1933 1940) advanced the theory that vanations tn the acidity
of gastric juice are 1n the main the consequence of stmple diffusion processes
hydrochloric acsd secreted 1nto the stomach continually losing H 10ns to the blood
and gaining Na 1ons diffusing 1n the opposite direction the driving force bemng
the d through the dial b d by the
gastie mucosa This  exchange diffusion  has been held to account for 50-80
per cent of the total actdity regulation (Elliot et al  1942)

Incidence of achlorhydra

Failure to recogmize the fallacies 1in measuring gastric secretion which hayve been
enumerated has resulted 1n widely varying estimates of the macidence of achlor
hydna and 1ts relationship to various disease conditions Thus Bernett and Ryle
(1921) 1n their study of 100 healthy medical students established a complete
absence of hydrochloric acid at all perrods 1n 4 subjects They were using as
indicator dimethylamino azo benzole and phenolphthaletn (Topfers) and as a
tesult of this study 1t has been accepted that 4 per cent of normal subjects are
constritutionally incapable of secreting acid Likewtse our knowledge of the in
cidence of achlorhydria  at various ages remains that provided by 3 studies made
25 years ago (Polland and Bloomfield 1930 Bockus et al 1932 Vanzant et al
1932) m all of which 1t seemed to rise from about 3 per cent (7 per cent 1n females)
at 20-39 years fo 25 per cent at over 60 years A crtical re investigation of this
incidence ustng modern methods 1s required

Enticknap and Menvale (1954) exammined the results of 1000 consecutive
fractional test meals using the Bennett Ryle method and found an incidence of

achlorhydria 1n 26 per cent of subjects over the age of 60 years and 1n disease
states of various kinds 1t appeared 1n up to 50 per cent of the subjects As a result
they concluded that achlothydnta 1s within the range of nommal vartation and

1ts only value ltes 1n excluding pernicious anaemia and 1n casting doubt on a
diagnosis of duodenal ulcer
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The necessity for re apprarsal of the methods of testing gastric sectetion and of
the conclusions reached in previous studies was suggested by the following study

Fufty eight subjects consecutively reported to have achlorhydna after a test
meal fortified by an tnjection of h base of 0 5 milligram were re d
screening the aspirating tube nto position stumulating solely by an wjection of
2 milligrams of listamine base and measuring the acidity of the aspirated juice
both electrometrically and by titration In only 29 of the subjects was the failure
to produce acid confirmed and of these 23 were cases of pernicious anaerma 5 of
advanced tron deficiency anaemia with gross atrophic gastritis proven by gastro
scopy and biopsy and 1 was a case of linitis plastica (Sircus  1956)

Technical considerations
Stunulation

Many stimuli for acid gastric secretion have been used 1n the past but histamine
15 the most potent and there 1s considerable evidence that 1t 1s 1n fact the actual
substance responsible m the body for the stimulation of the parietal cell The
effects of emotion (Bennett and Venables 1920) and of nausea (Grossman et al
1945) 1n suppressing gastric secretory responses are established A further advant
age of histamine therefore lies in its relative tndependence from these nterfering
factors and also that contamination of the gastric secretions by food matenal 1s
avorded In order to test for achlorhydria the maximum posstble stimulus should
be given and the augmented histamune test of Kay (1953) has proved satisfactory
for this purpose

Collection

To avoid losses through the pylorus or through the stoma when gastne
operations have previously been performed the withdrawal of gastnic juice needs
to be continuous As much as two thirds of sumulated gastric secretion may be
lost through the pylorus if aspiration 15 practised only at intervals of 15 munutes
(hay 1953)

Repeated measurements of gastric secretton on subjects after gastroenterostomy
and partial gastrectomy have been made (Marks 1956) A comparison of the
results with and without prior blocking of the stoma with a dumb bell shaped
balloon has shown that not more than 10 per cent of the measurable acid output
15 lost through the stoma or neutraflized by jejunal regurgitation provided gastric
aspiration 1s continuous An electric motor suction pump 1s satisfactory for
continuous asptration and the aspirating tube must be of adequate bore and with
holes of reasonable size The Levine tube 15 superior to the Ryle s tube in these
respects

The mavimal histamune test
tve
Not a single case of absolute achlorhydria was found 1 the first consecu
500 subjects exarmned by the test (Card etal 1955) other than
in subjects with permcrous anaemia The method used in this study and upon which
our definition of achlorhydna ss based 1s as follows

he subject and purded
An aspirating tube of radio opaque material 1 passed m ¢
under lh’e’ fluoroscope 50 that 15 11p lies m the antrum just beyond the sight border of
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the vertebrae The subject then assumes a position lymmg on the left side and fasting
residue 1s aspirated from the stomach Continuous aspiration of basal gastric secretion
15 then begun and continued for one hour Forty minutes after beginming the continuous

100 of maleate 1s grven by mntramuscular injection
and at the end of the hour acid ph 004 per kilogram of
body wetght 1s 1njected subcutaneously Secretion 1s then collected continuously for a

N
further hour All collections are titrated against g causte soda using Topfer s reagent

as indicator and where free acid 15 not obtaned the pH of the sample 15 measured by
electrometry

1f any bile contamination of specimens was present i a case demonstrating
apparent achlothydna the test was repeated with 1 addition duodenal intubation
and asptration

As a result of experience with the method of testing gastric secretion based on
the maximal histamine response the authors suggest as a definition of achlorhydna
that state of gastric secretion 1n which under the conditions of the test the pH of
the secretion fails to fall below 6 0 following stimulation

NORMAL SECRETORY MECHANISMS
Any consideration of the aetiology of achlorhydria necessitates some discussion
of the normal secretory mechanism of the parietal cell A knowledge of this
might be of th value since 1f achlorhydna can be induced in

a patient with duod:nnl ulcer there s considerable evidence that the ulcer \ull heal

The nature of the thatis ble for the ofh 1c
acid at 2 pH of less than 1 0 has always d physiol and bioch
It 15 now generally accepted that the source of hydrogen rons must be water and
that therefore equal quantities of hydrogen and hydroxyl 1ons must be formed
1t has also been shown that for every molecule of hydrochlonic acid secreted one
molecule of carbon dioxide 1s necessary (Davies 1951) Though carbonic anhydrase
plays an essential part 1n this process its precise role is undetermined

‘This secretory process requires energy which ts ultimately obtamed from glucose
though the exact mechamsms of oxtdation are not known Since this energy process
15 aerobic secretion must depend on blood flow and 1t has been caleulated that
something like 50 volumes of blood may be necessary to produce 1 volume of
hydrochlone acid (Davies 1951) The maximal sccretmn of the stomach 1n man
can produce the equivalent of 500 mllil OI6N h hloric acid 1n one hour
This 1mplies the enormous blood flow of 25 hitres per hour or over 400 millihitres
per minute

In the iving amimal secretion of hydrochlonic acd can be stimulated using the
two main pathways of nervous and hormonal sumulation It has been suggested
ongwmally by Babkin (1944) that whatever the imitial stimulus the ultimate sub
stance responsible 1s histamine The evidence s consldemblc and has been recently
summarized by Code (1956) who that h 15 an
fact the local common chemostimutator of the patietal cells of the gastric mucosa
If this s true the interest aroused by the use of histamine secretory studies n man
gains immeasurably and the relationship that obtains between histamine stimula
tion and secretory response assumes great 1mportance

181




ANACIDITY

This relationshup has been investigated 1n dogs by Obrink (1948) tndogs and 1n
man by Hanson et al (1948) and 1n man by Adam et al (1954) The last named
authors used continuous 1nfusion of histamine over a three hour period and the
resulting acid outputs lay on an S shaped curve Various theoretical explanations
of this curve are posstble but one of the stmplest 15 to regard the output of hydro
chloric acid as the result of 2 combination of secreting umts in the parietal celf

ACID OUTPUT mEq

wJ -
Lo

X
2200 ' 400 | 600 ' 800 ' 1000 1200 1400 ' 1600 ' 1800
~ ESTIMATED NUMBER OF PARIETAL CELLS (MILLIONS)

Fig 72 —Relationship of acid output to partetal cell population of stomach

with histarnine molecules according to the laws of mass action The well known
sigmoid logistic curve 1s the outcome and the results obtamed fit ths theory
surprisingly well In terms of the theory the maximal response should be related to
the number of parietal cells 1n the stomach or more precisely  the secretory untt
mass  Various workers have shown a relation between acid secretion and the
state of the gastric mucosa as revealed by gastric biopsy (Swurala and Lehtinen
1953) while Tongen (1950) showed a correlation between the maximal audlll‘)’
of a previous test meal and the parietal cell count 1n the resected portion of the
mach
szhOllgh 1t 1s not yet possible to measure the panietal cell mass of the intact
stomach 1t 1s possible to make partetal cell counts from the resected portion ofa
stomach after gastrectomy The maximal output of actd corresponding to |hc;c
cells 1s estimated by measuring the acid output of the intact stomach and s
tracting the output obtaned from the stump of stomach remaiming after operation
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By examuning in this way a series of stomachs (Fig 72) 1t1s possible to establish a
strong correlation between the two vartables panetal cell mass and the estimated
acid output of the resected portion a correlation which ts somewhat better 1f a
power sentes 1s fitted (Card and Marks unpublished data) Tt appears therefore
that under the conditions of this test outputs of acid are proportional to the
numbers of partetal cells present and that low outputs are associated with few cells
and since the curve runs through the ongin no acid 18 assoctated with an absence
of cells Though these conclusions are true of the matenialinvestigated they do not
necessarily apply to all stomachs Itdoes however seem probable that achlorhydria
as encountered 1n climeal practice and defined as descnibed above 1s stmply due to
an absence of secreting cells

THE CLINICAL ASSOCIATIONS OF ACHLORHYDRIA

The gastric mucosa may fail to produce acid when hypothetical conditions as
outlined 1n the Table are present all of which are associated with either structural
or functional disturbance of the paretal cells

TABLE
HYPOTHETICAL AETIOLOGY OF REDUCED GASTRIC SFCRETION

Possible mechantsm Possible chnrcal

‘ associations
Structaral falure -
Agenesis Genetical failure of development of PA families
parctal cells
Abiotrophy Early death of panetal cells PA
Infiltration Crowding out of paretal cells Peptic ulcers
With simple cells Interference with blood supply Gastritides
‘With malignant celly. Action of toxic metabohites on parietal Neoplasm
Degeneration celly Retiulosts
Competition for metabolic substratey Leukaemia
Functional failure T -
‘Anoxaemia of gastric Ischaemia from shut down of vascular Acute bleeding ulcer
053 channels
Salt free diet:
deficiency s
Enzyme deficiencies Dehetency of iron vitamn B group Sideropenic states
Avitaminosis
Endocrine Defi tency of corticosteroids trophic Addison s disease
hormones thyroxine Hypopiturtarism

| Myxoedema

Achlorhydna and pernicious anaemia

The best recogmzed chnical association of true achlorhydria 1s with pernicious
anaemia the cases seem to fall into three groups the commonest of which 1s the
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familial abiotrophic groups 1n which some of the secretory cells of the gastric
mucosa undergo early atrophy or disappear and the production of acid pepstn
and intrinsic factor ceases The less common group 1s due to progressive mflam
matory and degenerative changes 1n the mucosa with or without overt 1ron
deficiency and proceeds ultimately to gastric atrophy Finally 1 the rare form
there 15 a selective failure of production of ntrinsic factor Mollen et al (1955)
reported an interesting family the father of which had progressive gastric atrophy
and pernicious anaemia over a period of 15 years he had dimimishing gastric
secretton until finally none could be obtained His son was found to have perm
c1ous anaemia at the age of 13 months but at the age of I8 years despite studies
with radio active vitarmn B, confirming the diagnosts of pernictous anaemia had
normal gastric mucosa and acid secretton Free acid 1s usually presentin the infantile
form of permicious anaemia (Benjarmin 1948 Reusner et al  1951) and there 1s
some evidence that gastric atrophy may be a result of deficiency of vitamn By,
Thus the output of acid from the stomach varted with relapse and remisston in
some cases (Murphy 1948 Mollen et al 1955) Viamun B,, like other vitamins
1n the B group may play a part 1n the enzyme system 1nvolved in the intermediary
metabolism of cell repair and prolonged deficiency of 1t may result not only 1n
degenerative glossopathy but also 1n progressive gastric atrophy Several papers
have appeared on the of free acid prod with pernicious anaemia
but not all of the older reports satisfy the modern nigorous ¢ritenia for the dragnosis
of the anaemia (Beebe and Wintrobe 1933 Askey 1944 Murphy 1948)

By the time a chnrcal diagnosis of pernicious anaemia 1s made 1n all but the
rare cases such as those quoted above the absence of acid pepsin and intrinsic
factor 1s the rule (Wemnberg 1951) The finding of anacidity however does not
necessarily imply that intrinsic factor defictency sufficient to grve nise to clintcal
and laboratory evidence of pernicious anaemia will be present Weinberg (1951)
quoted a personal series of 10 cases of achyha 1n which 7 developed permictous
anaemta tn the next 6 years but Bloomfield and Polland (1933) followed 64 cases
of anacidity for 5 years and none developed pernictous anaerua Where achylia
15 found 1n nfancy this would seem to 1mply a generalized disturbance of gastric
cellular development for of 12 cases of achylia followed from infancy up to the
age of 14 years all developed pernicious anaemia (Muller 1941 1942) Wilkinson
and Brockbank (1931) reported that 24 per cent of 291 relatives of patients with
pernicious anaemia had achlorhydria regardless of age

That progressive structural change in the stomach may ultmately cause total
failure of acid and pepsin production and of intrinste factor 1s now well docu
mented 1f not yet generally appreciated

Prog: mucosal d

Badenoch et al (1955) reported the development of megaloblastic anraema In
5 pavents who underwent a partial gastrectomy for peptic ulcer within 2-17
(mean 8) years of the operation All showed free acid and normal gastric mucosa
at the time of operation and all subsequently developed atrophy mn the gastric
remnant with a disappearance of secreting cells and a defective absorption of
vitamin B; The authors have investigated a woman aged 60 years who had
developed a megaloblastic anaemra 4 years after partial gastrectomy fora duodcnf:il
uicer The remnant of the stomach showed almost total intestinal metaplasta an
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no chief or parietal cells could be seen The appearance of the marrow and radio
active vitanun By absorption studies confirmed the presence of a true permicious
anaemua In our experience however annfiltration of the mucosa of the stomach
with lymphocytes and plasma cells with varying degrees of loss of secretory ele
ments 1n an assoctated atrophic process 1s 2 common observation in specimens
resected 1n the treatment of long standing chronic duodenal and gastric ulceration
and 1t may be that 1n a small proportion of such cases progressive changes continue
1n the remnant untit full atrophy supervenes Markson and Davidson (1956)
found well marked 1nflammatory atrophic gastritis 1n 2 and mild inflammatory
changes 1 4 out of 16 proven cases of pernicious anaemia examtned by gastric
biopsy

Complete failure of secretion of the different components of the gastric yutce can
undoubtedly occur though rarely Thus selective failure of intrinsic factor pro
ductron with a normal secretion of acid and pepsin from a mucosa rich in glandular
tissue has been demonstrated 1n cases of perntctous anaema (Mollen et al  1955)
and selective total failure of production of actd and pepsin secretion 1n subjects
with normal production of intrinsic factor (Doig and Girdwood 1957) The
simultaneous wnvestigation of the different compenents of gastric secretions 1n the
same subjects would be profitable to further etucidation of the sigmficance of failure
of gastric secretion This has been attempted by MacLean (1955) assaying the
renal excretion of oral vitamin B; #Co He found evidence that combined intrinstc
factor and acid deficiency appeared only 1n cases of pernicious anaemia or total
gastrectomy as follows

Percentage of vitamin B
exc eted n urine

10 normat subjects 67-31
5 subjects with gastric polyps 10 -17
63 cases of achlorhydna based on teiple myection of histamine 5 3.

5 cases of pernicious anagmia

<1
10 subyects after total gastrectomy <t
Achlorhydria and wren deficiency
The frequent of chronic d of 1ron with d hed gastric
cretion deserves The that this d hed gastric

was a tesult of chromic 1ron deficiency was envisaged by Davidson and Fullerton
(1938) who pornted out that achlothydria was increasingly common tn females
after the menopause whereas the incidence of anaemia was then dechining Witts
(1952) pornted out that the meidence of achlorhydria 1m a sertes of cases of
uncomplicated sron deficiency anaema rose wath age The possible hink between
ron deficiency and gastric atrophy was suggested by Waldenstrom (1941 1942)
wha emphastzed that 1ron was an 1ntegral part of Warburg s tron porphynn and of
thecytochromesa b ¢ enzymes which were essentialto theintermedtary metabolism
nvolved 1 cell multiplication and therefore 1n cell repair

Support for this suggestion that mucosal cell changes reflected the state of the
1ron supply was provided by Hallen (1938) who followed up 8 of Waldenstrom s
cases of tron deficiency anaemia with achylia who were having treatment with
1ron From 3 to 15 months later 5 of the 8 were secreting hydrochlonic acid and
one of these on neglecting treatment had a recurrence of koilonychraand  achylia
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Three of the 5 cases had no free acid when the haemoglobin level was below 50
per cent but this appeared when the level of 80 per cent was reached Howeyer
1t 15 doubtful if satisfactory methods were used for testing gastric secretion

Important to the concept of the chronologteal priority of iron defictency over
achlorhydria 1s the observation of Hetlmeyer and Plotner (1937) that absorption
of 1ron may be normal in subjects with complete achlorhydria and of Schulten
(1934) that cases of pernicious n re rarely d evidence
of wron deficiency

Unfortunately at present all reported mvestigations seeking to correlate the
state of acid gastric secretion with that of the histology of the mucosa have suffered
by not employing methods of stimulating gastric secretion which could be con
sidered adequate 1n degree or quantitatively reproducible Most have accepted

achlorhydria as the failure to obtain free actd  after simulation wath doses of
h of 03-05 mili However some useful information has been
provided by more recent studies

Badenoch et al (1957) have studied 50 cases of tron deficiency anaemia and
attempted to correlate structure and function by taking suction b opstes of the
gastric mucosa and measuring the actd resp to 0 5 mull of I and
also the output of pepsin uropepsin and intninstc factor They reported that

achlorhydnia  was twice as common m cases of tron deficiency anaemia as in
controls and four times as common 1f subjects under the age of 50 years were alone
considered Only 1 of 7 subjects with iron defiviency anaemta but with normal or
nearly normal gastric mucosa showed achlorhydria whereas 1t was present 10
19 or 20 cases with severe glandular atrophy The secretion of pepsin and uropepsin
correlated with the mucosal appearance in the same fashion and 1t 1s notable that
1 some of the cases in which glandular atrophy was found to be severe there was
tmpaired absorption of vitamin B; which was improved by the oral admimstra
tion of mtrninstc factor with the vitamin They also noted that eprthelial changes
in the nails mouth and h were most ly presentin the group with
glandular atrophy

Achlorhydria and peptic ulceration
Theco existence of absolute achlorhydria  with a peptic ulcer has been recorded
on many occastons two quite recently (Sacks 1954 Howland 1955) despite the
warning of Grossman (1951) that an apparent transient achlorhydna may occur
1n patients but 1f the diagnosis 1s correct (bemgn ulcer) they can almost always be
made to secrete at least a small amount of acid with repeated testings  Clearly
much of this confuston arsses from the definition of achlorhydria used We have
had several cases of benugn peptic lesions usually gastric but occastonally of long
standing duodenal ulceration 1n whom the free acid response to luistamme 1n
doses of 004 milligram per kilogram of body weight was a slow as 05 mullt
equivalents 1n the hour after the injection and then demonstrated only after repeated
testing—but we have not yet had a single case of benign ulcer 1n whom secretton
of actd could not be demonstrated as occurring to some degree when measured by
the electrometric techmque and with repeated tests Such shght degrees of acd
production 1mplying the presence of some functioning parietal cells would not be
detected by the methods used by any of the authors of previous reports on !hg
assocation of bemgn ulcer with achlorhydnia Furthermore Kahn (1937) an
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Washburn and Rosendaal (1937) had 1 746 cases of permcious anaemia between
them without a single associated case of simple peptic ulcer

Palmer and Nutter (1940) following up 2 200 cases of peptic ulcer found none
1 whom achlorhydria persisted Some elucidation of the fluctuations mn the
secretory responses of subjects with peptic ulcer has been provided by the method
of studying changes 1n the pH of gastric contents over the 24 hours used by James
and Pickering (1949) and utihized 1n detail by Watkinson and James (1951) and
Watkinson (1951 1956} The majonity of gastric ulcer cases were observed by
James and Pickering to show many hours especially at might when the output of
acid was too low to be disclosed by titration methods or did not exist Watkinson
and James studied 22 cases which failed to secrete free acid 1 response to hista
mine 1n 12 of whom a peptic ulcer was present and in 10 of these 12 cases a pH
of 30 was exceeded for a mean of 9 8 hours of the day the lowest pH showed a
mean of 2 1 Watkinson (1956) has recently analysed the results of a study of the
pH over the 24 hours 1n 780 patients and the most interesting finding was that in
212 cases of bleeding peptic ulcer due to acute ulceration the majority demonstrated

achlorhydna throughout the first 24 hours after bleeding commenced whereas
this was never present when chromic duodenal ulcer was the cause and only
present 1n the night hours 1n cases of chromie gastric ulcer The acute ulcer group
remained achlorhydric for a mean period of 17 7 of the ymittal 24 hours Within a
few days acid secretion reappeared 1n all but 1 case It 1s suggested by this study
that a transient depresston of parietal cell function 1s associated with bleeding
Unfortunately the degree of neutralization produced by blood staimng of many
of the asprrated specimens was unknown

Thus 1t 15 d ble that where ! st with h
1s employed cases of peptic ulcer with apparent achlorhydrra will be found and
where such cases are examined by repeated testing by the 24 hour pH sampling
or by maximal stimulation with listamine acid secretton will be found 1n all The
minimal level of pH (3 5} accepted by Watkinson as achlorhydrta 1n the cases
of acute bleeding ulcers 1s not 1n fact that of true achlorhydria but only that at
which Topfer s reagent changes colour In these cases some actd must presumably
have been secreted

It seems that only 1n the failure of functioning partetal cells which for practtcal
purposes seem to be their structural absence 1s there found absolute achlorhydria

Achlorhydna and mfiltration of mucosa

We have observed that all degrees of cellular infiltration ot the gastric mucosa
with a corresponding relative decrease mn the number of functioning secretory
tubules can be found 1n chrome peptic ulceration Around gastric ulcers a centrt
fugally distnibuted  zonal gastritis  often 1nvolves the paretal cell bearing area
and could be responsible for affecting total acid output It has been shawn (Hurst
and Venables 1929 Watkinson 1951) that depressed gastric secretion may return
to normal upon the healing of a gastric ulcer

Malignant disease of the stomach 1s usually assomated with a lower than normal
production of acid In our series examed by the mawumal histamine test the
average output for the post histamine hour 1s 7 2 milli equivalents (normal range
15-20 mill: equivalents) It may be that achlorhydnia will be found where the
disease has extensively infiltrated the acid bearing area and particularly associated
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with the scirrhous type of or with infi); by leuk ar
and reticulosis cells

Achlorhydna and avitammosts

The association of achlorhydra and avitaminosts has been claimed in many
studies but there 1s no modern work using refined techniques of examinng gastric
secretion and mucosa

The first reference to reduced acid output in pellagra seems to have been made by
Angostons (1893) From 50 to 70 per cent of various sertes of cases of avitamnosis and
especiatly pellagra have been reported to have no acid response to histamme 1n doses
05-10 mulligram (Muiholland and King 1931 Turner 1931 Guthrie 1932 Spies
and Payne 1933 Spees and Chinn {935 Spres et al 1939 Gillman 1944)

In an experimental study Williams et al (1939) induced thiamine deficrency i 4
subjects and observed over 21 weeks a gradual dimunution or disappearance of frec
acid from the stomach but unfortunately no quantitative data are provided Mulholland
and King (1931) followed up 31 patients with pellagra who showed no free hydrochlonic
acid after histamine stimulation and found that some recovered the ablity to produce
actd while others remamed permanently achlorhydric  despite clinical recovery from
the pellagra It 1s noteworthy that these authors came to the conclusion that the
clinteal prognosis was generally worse in the cases showing achlorhydna

The damage appears to be incomplete however for it has been shown that gastric
Juice from pellagra patients without an acid response to histamme will nesertheless
contain intrmsic factor capable of activating beef and bringing about remissions m
pernicious anaemia cases (Spies and Payne 1933 Spies and Chmn 1935) The exact
mechanism of these effects awaits switable histological studies by modern techaique
but 1t seems likely that severe pellagra may damage the gastric mucosa beyond reparr

Achlothydeiz and mental states

Various reports have appeared on the association of achlorhydra with psychosis
(Henning and Norpoth 1932aand b Wolf and Wolff 1948 Sackleretal 1955a and
b) but none will stand up to crittcal analysis as the data provided are quite inadequate
and the methods not precise Thus the last named authors based their findings n
schizophrenia on single morning asptrattons of gastric Juice Nevertheless a careful
study of gastric secretion mn various psychotic states would be of interest

Achlorhydria and endocrine disease

The status of gastric secretion 1n dssorders of the endocrme glands likewise remams
undetermned although numerous chinical publications claim an association of achlor
hydrta with myxoedema hypoparathyroidism and Addison s disease Data acquired
by the authors on the response to the maximal histamime test in 7 cases of gross myx
oedema showed a lower than normal output of acid ;n4 cases 2 of which had comeident
gastric ulcers and 3 being over the age of 70 years The output of acid was normal 1
3 cases Treatment with thyroxine had no apparent effect on the response to the test
The mucosal structure 1 a very severe myxoedema In a young male was essentraily
normal but showed heavy infiltration with plasma cells and only 2 8 milli-equivalents of
acid was the response to the maximal histamune test No consistent changes in gastric
secretion have been observed 1 Addson s disease using the maximal histamune fest
and none as the result of bilateral adrenalectomy with cortisone replacement 1n the
treatment of carcrnoma of the breast with metastases

A young female with gross h 1sm had absolute achlorhydnia to the maxunal
histamine test and a young male with hypopituitarism showed no response to the large

188




INDUCTION OF ANACIDITY

dose of histamune the total output of acid in the hour after the sumulus being the
same as that of the fasting control hour (4 0 nulli-equivalents) In both cases daily
cortisone admumstration over 3 weeks fatled to alter the response i the maximal
histamine test

In all of many cases of thyrotoxicosis examuned by this test gastric secretion has
been within normal himuts

INDUCTION OF ANACIDITY

Blocking nervous impulses by vagotomy the use of ganglionic paralysants or
drugs which act on vagal nerve endings are procedures which inhibit secretion
but do not except under special cireumstances produce achlorhydna

If tustamme 1s indeed the final common chemostimulator 1t might be possible
by the use of 2 histamine antagonist to block the effect of all stumuli on the parietal
cell The ordinary antibustamine drugs 1t has long been known have no inhibitory
effect on histamine induced secretion why this 1s so 15 not clear A search has
therefore been made for analogues of histarmine which might have such an action
but without success though the possibility of such a discovery still remains

‘There seems ittle doubt from a constderation of the energy mechanisms already
discussed that any diminution of blood supply must imit the production of acid
The surgical ligation of arteries has not proved very effective (Somervell 1948)
Drugs that might diminish blood flow in the mucosa are noradrenaline and prtuitrin
and there 1s some evidence that inhibition of acid secretion can be obtained by their
use (Cutung et al 1937 Harries 1956) Their action 15 however insufficiently
potent to be of therapeutic value

‘Whatever the exact part played by carbonic anhydrase in the secretion of
hydrochloric acid there 1s no doubt that this enzyme1s an essential factor and its
mhibition might therefore be expected to prevent secretion of actd Acetazoleanude
a sulphonamide dervative has recently been synthesized and can be shown i
vitro to mhubit secretion completely (Janowitz et al 1952) Though a significant
effect can be demonstrated on the gastric secretion tn man 1t 1s of little therapeutic
importance (Janowitz et 1l 1955) Complete mnhibition of carbontc anhydrase
could not be tolerated 1n man The drug 1s therefore of hittle practical value for
this particular purpose but 1ts effect has great theoretical importance 1n that 1t
acts on an enzyme system inside the parietal cell Inhibition of the enzyme systems
ivolved 1n the intracellular energy mechanism should also ntubit secretion
Qestrogens have been shown to inhibit secretion 1m ammals (Ojha and Wood
1950) and to have a feeble though undoubted effect 1n man (Card unpublished
data) 1t 1s possible that they act in this way

As Teorell pointed out many years ago secretion 1s accompanied by a diffusion
of hydrogen 1ons back 1nto the blood In hi view this accounts for the different
levels of acidity that are observed It might therefore be possible to induce achlor
hydna by affecting the permeability of the mucosa to the passage of hydragen 10ns
50 that a d of hydrogen 1on resulted There 15 some
evidence to suggest that mersalyl introduced 1nto the stomach has this property

Mention should be made of extracts of the intestinal mucosa and of urine which
have been shown to nhibit gastric secretion These extracts have respectively
been called enterogastrone and urogastrone but the names should not be
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taken as tmplying that they contam a phystological principle their mode of action
1s unknown Though striking inhibitory effects have been claimed 1n experimental
ammals neither of these extracts has yet been obtained sufficiently pure to be used
therapeutically

Achlorhydra can be produced by destroying the secreting parietal cell tissue
by radiation from x rays or from radio active 1sotopes

Ricketts et al (1949) and Brown et al (1952) have treated a number of patients
with duodenal ulcer by radiotherapy and have made simultaneous studies of acid
secretron using subcutaneous histamine The total irradiation dose given was in the
range of 700-2 500 rocntgens The general effect of irradiation was to diminish
secretion and the authors described the acute histological changes in the mucosa

which followed to be replaced later by vartous combinations of atrophy prolifera
tion metaplasta and fibrosis Achlorhydria defined as a failure to secrcte free
acid to Topfer s solutton after sub: myection of | 0
per kilogram of body weight occurred more frequently 1n patients with gastric
ulcer (68 per cent) than with duodenal ulcer (29 per cent) as might be expected
The duration of achlorhydna was variable and rarely permanent though 1n some
cases 1t continued for a number of years Durning the period of achlorhydnia no
ulcer ever recurred Even if complete achlorhydria 1s not achieved the effect of
irradiation on stomachs which are capable of large secretions s certainly striking
Attempts have also been made to achieve the same effect by using radio active
1sotopes 1n a flexible bag introduced mto the stomach In experimental animals the
technique has been successfully employed but 1t has not been used clmeally
(Douglas et al  1950)
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CHAPTER 12

PEPTIC ULCER
F AVERY JONES AND NORMAN C TANNER

MEDICAL ASPECTS

ALTHOUGH peptic ulcer 1s a convement term to cover both gastric and duodenal
ulcers 1t must be appreciated that they may in fact be two separate diseases related

lly rather than 1 lly This 1s strongly suggested by the varying
behaviour statistically of gastnic and duodenal ulcers which has been brought
together 1n the Lumletan Lectures (Avery Jones 1957) It s particularly difficult
to account for the striking difference in social class pattern and in hereditary
behaviour except on the basis of their independence Duodenal ulcer is distributed
evenly throughout the population but with gastric ulcer there is an excess among
the labourning classes and a deficiency among the professional groups Both gastric
and duodenal vlcers tend to run 1n families but those with gastric ulcers tend to
have relatives with gastric ulcers and those with duodenal ulcers tend to have the
same among their siblings and parents There have been two interesting develop
ments 1n relation to the actiology of ulcers recently first the correlation with
blaod groups and secondly the further studtes on hypersecretion

Blood groups and peptic ulcer

A most interesting recent discovery concermng peptic ulcer has been the cor
relation of the disease with blood groups The possible presence of appreciable
differences 1n health 1n persons with different blood groups was first predicted by
Fisher {1930) but the first convincing evidence of any such differences was the
demonstration by Aird et al (1953) when they showed an increased susceptibility
to gastric cancer of group A persons compared with O and B groups and this
was followed by a simutar survey for proved cases of peptic ulcer in which group A
and group B persons were found to be less hable than group O These findings
have been confirmed by Clarke et al (1955) and by many others The present
evidence shows that duodenal ulcer 1s 1 4 times greater and gastric ulcer 1 2 times
greater with group O than with the other groups

The blood group sub: are wdes They are
from each other by their antigenic properties There does not appear to be a specific
antigenic blood group substance for blood group O but those who belong to
groupOhavea de called H sub: which appears to be present
1o a lesser extent 1n people who belong to other blood groups These mucopoly
saccharndes are present i small quantities in red corpuscles and m much greater
amounts i body tissues and fluids and usually 1n the salivary and gastric secretions
It 15 probably of considerable importance to find that not all persons are capable
of secreting the ABO substances and preliminary results show that duodenal ulcer
1s 17 times more common among non secretors than among secretors (Clarke
etal 1956)

There are two possibtlities retating blood groups to peptic ulcer Furst the effect
may be indirect or humoral and related perhaps to genetic control of gastric

MTG—13 193




ANACIDITY

Washburn RV and Rosendaal H M (1937) Ann intern Med 11 2172

Watkinson G (1951) Gastroenterology 18 377

— (1956) Personal commumcation

— and James A H (1951) Clin Sei 10 255

Wemberg F S (1951) Amer J dig Dis 18 351

Wilkinson J F and Brockbank W (1931) Quart J Med 24 219

Willams R D Mason H L and Smith B F (1939) Proc Maro Clin 14 787

Wuts L J (1952) In Modern Trends tn Gastroenterology 1stSeries Ed byE Avery Jones London

Butterworth
Wolf § and Wollf H G (1948) Trans Ass Amer Phens 61 613

192



CHAPTER 12

PEPTIC ULCER
F AVERY JONES AND NORMAN C TANNER

MEDICAL ASPECTS

ALTHOUGH peptic ulcer 15 2 convement term to cover both gastnc and duodenal
ufcers 1t must be appreciated !hat they may 1n fact be two separate diseases related
lly rather than Ily Ths is strongly suggested by the varying
behaviour statistically of gastnic and duodenal ulcers which has been brought
together m the Lumleian Lectures (Avery Jones 1957) It 1s particularly difficult
to account for the stnking difference 1n socral class pattern and i heredutary
behaviour except on the basis of their independence Duodenal uleer 1s distributed
evenly throughout the population but with gastnc ulcer lh:rc 1S an excess among
ji classes and a among the profe ! groups Both gastric
and duodenal ulcers tend to run in fammilies but thcse with gastric vlcers tend to
have relatives with gastric uleers and those with duodenal ulcers tend to have the
same among their siblings and parents There have been two interestmg develop
ments n relation to the aetiology of ulcers recently first the correlation with
bloed groups and secondly the further studies on hypersecretion

Blood groups and peptic ulcer

A most interesting recent discovery concerming pepuic ulcer has been the cor
relation of the disease with blood groups The possible presence of apprectable
differences 1n health 1n persons with diflerent blood groups was first predicted by
Fisher (1930) but the first convincing evidence of any such differences was the
demonstration by Aird et al (1953) when they showed an increased susceptibility
to gastric cancer of group A persons compared with O and B groups and thss
was followed by a similar survey for proved cases of peptic ulcer in which group A
and group B persons were found to be less Liable than group O These findings
have been confirmed by Clarke et al (1955) and by many others The present
evidence shows that duodenal ulcer 1s 1 4 times greater and gastnic vleer 12 times
greater with group O than with the other groups

The blood group sub: are des They are d hed
from each other by their antigenic properties There does not appear to be a specific
antigemic blood group substance for blocd group O but those who belong to
group O havea dH which appears to be present
to a lesser extent in people who bclong to other blood groups These mucopoly
saccharides are present m small quantities i red corpuscles and n much greater
amounts m body tissues and flurds and usually m the salivary and gastric secretions
1t 1s probably of considerable importance to find that not all persons are capable
of secreting the ABO substances and preliminary results show that duodenal ulcer
1s 17 times more common among non secretors than antong secretors (Clarke
etal 1956)

There are two possibilitres relating blood groups to pepti ulcer First the effect
may be indirect or humoral and related perhaps to genetic control of gastne
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acidity and 3t may reflect a famihal assocration Secondly 1t may be a direct
assocration concerned with varying tissue to an exog: Icerog:

or carcinogenic factor with blood group A protecting agunst ulcerogenic factors
and blood group O protecting agamnst carcmnogenic agents Aird (1955) has sug
gested that a protective action ltke this may be more important than 1s suggested
by the relatively small differences which are found between the different groups It
might be for example that all the blood group mucopolysaccharides protect
against both cancer of the stomach and peptic ulcer but that groups O and B
protect more effictently against cancer than A and that A and B protect more
effectively against ulcer than O

Hypersecretion of acid

The mechamsm of hypersecretion in duodenal ulcer has been elucidated by the
studies of Kay (1953) and Hunt and kay (1954) By increasing the dose of hista
mine stimulus to the stomach and neutrahzing the systemic effects with an anti
histamine 1t was demonstrated that the volume of the gastric response rose
with increasing doses up to four times the normal body weight dose but thereafter
more histamme produced no greater volume It 1s a reasonable assumption that
at this dosage level the total secretory cell mass 1s operating and the volume of
gastnic jurce represents the maximum secretory activity of the stomach With this
test there 1s clear evidence of hypersecretion 1n a high proportion of duodenal
ulcer subjects although there 1s appreciable overlap with the normal range as with
other tests for gastric acidity They next demonstrated that with the same body
weight dose of the same p P was ot d 1n relation
to the maximum secretory response tn both normal and duodenal ulcer subjects
Therefore there 1s no greater reactivity of the gastric mucosa mn duodenal ulcer
subjects as compared with normal persons This fits in with the hypothesss that
there 15 a greater panetal cell mass 1n those with duodenal ulcer as compared with
normals That this 1s so has been demonstrated by the elegant studies of Cox
(1952) who from ofthe h at necropsy d rated that those
with duodenal ulcer have larger stomachs and more parietal cells than the general
populatton This may hink up with the sex incidence of duodenal ulcer Booth et al
(1957) have shown that men secrete approximately S0 per cent more of acid
chloride and pepsin than women but there 1s no difference in rate of emptymg of
the stomach

There may be two components to this greater secretory cell mass 1t may be
hereditary and genetically controlled or 1t may be due to hyperplasta as the result of
long continued nervous or dietetic over stimulation—or both factors may operate

Medical treatment

No striking advance in medical treatment has materialized in the past few years
and 1t 15 doubtful 1f the many antichohnergic drugs are of any more value than
atropine but 1t 1s likely that more potent depressors of acid secretion may yet be

und
o The evidence 1s regrettably slender that real benefit 1s denived from the trad;
tional detary regime and over treatment can undoubtedly be positsvely h:lrml'ul
There 15 fortunately a strong natural tendency to recovery for which the patien
tends to give the credit to hus treatment
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Martm and Lews (1949) reviewed a series of 365 patients with gastric or duo
denal ulcers 10 years after in patient and ded It 1s undeniabl
that medical treatment relieves the discomfort of most relapses but from our
present evidence we cannot believe that it 1s any protection against further trouble
if this 1s destined by the ulcer Those cases which were active persevered with
these regumen and also suffered complications while those who were mactive
abandoned treatment and had no trouble Rae and Allison (1953) reached a
similar concluston from a follow up group of 63 men with proved peptc ulcer
kept on a careful dietetic regime for 12 months and then reviewed after 5 years

Doll et al (1956a) compared an almost normal (fried free) diet with the standard
ulcer regime 1n patients followed up for 1 year In their series there were 64 m
patients with gastne ulcers 80 out patients with gastric ulcers and 50 out patients
with duodenal ulcers The out patients were either adwvised to continue for 1 year
on the standard ulcer diet with which they had previously been treated or were
adwised to resert to a wholly normal diet At the end of the year the proportion
who had remained free from pan and n whom the ulcer was radwologically
healed was practically the same 1n both groups

1n studying the effect of atkalis and milk dnp careful measurements concerning
the rate of healing of gastric ulcer have been made with the addition of alkalis to a
milk dop 1n sufficient quantity for the acidity of the gastric contents to be kept
above pH 4 throughout the 24 hours This tnal (Doll et 2l 1956b) demonstrated
however that the mulk drp produced a greater gain 1 weight—7 pounds (32
kilograms) compared with 3 pounds 8 ounces (1 6 kilograms)-~and the impression
was obtained that pain was relieved more rapidly with milk drip than without 1t
and that 1t s therefore a useful adjunct to the standard treatment in patients whose
pamn persists after rest 1n bed Simlar mn patient therapeutic trials have been made
with phenobarbitone ascorbic acsd and bed rest (Doll and Pygott 1952) and
with Robaden and cabbage yuice (thll and Pygott 1954) Two factors only have

so far beend d as havinga nfluence (1)ad to hospital
which 1mphes bed rest and (2) cessation of the smoking habit
Even 1f there 1s no good 1 evidence for the 1 effect of diet on the

healing of ulcers 1t cannot be abandoned in the acute stage when the patient 1s
undoubtedly more comfortable on a light diet

TABLE 1
RESULTS OF TREATMENT ACCORDING TO SMOKING HABITS DURING
TREATMENT IN 1 ATIENTS WITH GASTRIC ULCER

Percentage of patients in whont after
Treatment 4 weeks ulce miche was Average
(e miber ;;/ P o
patients) -~ 466 | 1-33
Healed | prcted Hzakd1 Healed | Larger | (percentage)
Advised to stop smolang and
stopped (2} n 55 14 [ 0 832
Advised 10 stop smoking but
failed to stop (18) 2 3 28 11 o 78
‘Not adwised to stop smokmg (40) 25 » 18 15 10 566
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Using gastric biopsy Palmer (1951a) has demonstrated that when the damaging
agent such as staphylococcal toxin has acted for only a short ttme the mucosa
may undergo complete healing within 4 days However 1t may well be that persis
tent changes may occur if the damaging agent 1s sever or admmstered over a
prolonged period X ray irradiation of the gastric mucosa provides an example of
this prolonged effect (Ricketts et al 1948 Doig et al 1951)

Aetiology of chronic gastriuis

In established cases of diffuse gastritis the aetiology of the mucosal change 1s
obscure The average age of onset of symptoms of gastritis 1s 44 years this 13
stmilar to that 1n patients with chronie gastric ulcer (44 years) and contrasts with
the earlier onset of symptoms of duodenal ulcer (average 36 years) (Doig and
Wood 1952b)

Our experience 1s that chronic gastritis 1s more prevalent in the older age groups
and long term studies suggest that the change 15 slowly progressive from superficial
gastntis to atrophic gastritis and on rare occasions to almost complete gastric
atrophy with subsid of the 1nfl y changes However 1t 1s wise {0
consider that neither gastritis nor gastnic atrophy are normal m elderly people
but have the same stgnificance as 1n younger persons Palmer (1954c) found normal
or nearly normal mucosa 1n 30 patients over 60 and without symptoms referable
to the upper gastro intestinal tract

A family history of duodenal ulcer 1s common 1n patients with this condition
(Doig and Wood 1952b) and to a lesser degree the same situation obtuns with
gastric ulcer (Doll and Kellock 1951) We were unable to find much reference to
dyspepsia n the family history of patients with gastutis

In our experience chronic alcoholism 1s the commonest known cause of chrontc
gastritis this view was reported by Joske et al (1955) who found no apparent
correlation between nutritional states and gastritts ferring that 1t 1s the direct
effect of alcohol which 1s the cause of such gastritis These authors found that a
sunvey of the dietetic habits and gastric biopsy findings of 695 subjects revealed

210




AETIOLOGY

that with worsening of the nutritional status there was not a progressive deteriora
tion m the histological structure of the gastric mucosa It 15 thus of interest that
51 of 95 chronic alcoholics had pronounced changes in the gastric mucosa on
gastric bropsy These findings suggest that chronic alcoholism may be a cause of
chronic gastrits but that malnutrition alone may not be a causal factor (see
Table T)
TABLE 1
CORRELATION OF GASTRITIS WITH NUTRITIONAL STATE
AND ALCOHOLISM
{After Joske et al 1955)

Nutronal state |,
Gastric buopsy finimgs o Total

Good | Farr | Poor | Wcohohsm
Normal (including shight superficial gastritis) 74 58 113 41 289
Pronounced superficial gastritis 62 65 121 39 287
Atrophic gastritis 48 29 86 11 174
Gastric atrophy 17 9 ) 1 40
Total 00 | 161 | 33 | 95 | 0

Chronic gastritis 15 also common m certain chromic diseases such as gall stones
(14 of 18 cases Joskeetal 1955)and chrontc pancreatitis (10 of 18 cases Mackay
1956) The implications regarding aetiology 1n such cases ate unknown although
the high incidence of chronic alcoholism 1n patients with gastritis and those with
pancreatitis 15 of nterest

At the present time 1t 15 impossible to speculate on the possible role of psycho
logical factors 1 the aetiology of gastnitis and the association which exists will be
discussed with the symptoms of gastritis

Chronie pyloric obstruction

Uleer or carcinoma causing obstruction may lead to generalized gastanis from
gastric retentron Biopsy studies 1n 33 patients with obstruction as a complication
of benign ulcer revealed moderate or marked changes 1n the body of the stomach
in 21 (Joske et al 1955)

Permicious anaema

Permcious anaemia 15 assocrated with gross diffuse gastric atrophy and a
corresponding depression of acid and pepsin secretion (Dorg and Wood 1950)
Usually the gasteic biopsy reveals gross atrophy with marked itestinal metaplasia
but 1n a minonty there 15 a typical inflammatory reaction The simplest hypothesis
15 that this change 1s the end result of prolonged gastrtis—the mucosa having
passed through the stages of superficial gastritis atrophic gastritis and thence to
gastric atrophy Several observations incline us to the view that thus change 15 a
primaty non inflammatory atrophy patients with pernictous anaerma do not
have a long history of indigestion The most unusual patient reported by Mollm
et al (1955) had all the haematological features of pernicious anaema but with
normal mucosa and normal secretion of acid The patient reported by Robertson

211



GASTRITIS

t FIG6 75— Zonal gastntis  Gastric mucosa

<%y, .
o ! et (s
(X8 [ * S8 )“4.7 ¢ "% showmg atrophic gastritis obtained under
t7.‘),. = ’_{"\’.\\ J“(\j‘ 74 direct vision by the Benedict operating
L",;H"'} f‘f‘*'*(;? N £ i gastroscope from the site of anastomosis 7
}’ AT ’:l'; ',',4";" N‘ ¢ years after a Polya subtotal gastrectomy for
a:,z ;Qﬁ'rﬂ :’& ‘3;; i duodenal ulcer We have termed this
> 'at; :.; "51 gastro jejunal stomatitis  The patient
.N '}*i\’ & w‘ ’7’ o JJ suffered pam and occasional vomiting
e R _":Jx' ‘3( \?‘7;3“ Y Neither gastroscopy nor x ray examination
N~ fn" e ¥ ;-)d revealed an ulcer Haematoxylm and eosm
X —g; }»:’g :‘9_,;'&{;7} / ;3,.1 {» 130—reduced by one quarter 1n repro
?-,- (g PRI g ) duction )
PR B
D Y LR

(1956) have recently discussed the problem of acid corrosive gastritis Alcohol
may cause acute gastritis espectally 1f consumed 1n high concentration and with
diminished food intake

Using gastric biopsy Palmer (1951a) has demonstrated that when the damaging
agent such as staphylococcal toxin has acted for only a short time the mucosa
may undergo complete healing within 4 days However 1t may well be that persts
tent changes may occur 1f the damaging agent 1s severe or adminstered over 2
prolonged period X ray irradiation of the gastric mucosa provides an example of
this prolonged effect (Ricketts et al 1948 Doig et al 1951)

Aetwlogy of chrome gastriis

In established cases of diffuse gastnitis the aetiology of the mucosal change 1s
obscure The average age of onset of symptoms of gastritis 15 44 years this 1s
simular to that 1 patients with chronic gastric ulcer (44 years) and contrasts with
the earlier onset of symptoms of duodenal ulcer (average 36 years) (Dorg and
Wood 1952b)

QOur experience 1s that chronic gastritis 1s more prevalent in the older age groups
and long term studies suggest that the change 1s slowly progressive from superficial
gastritis to atrophic gastriis and on rare occasions to almost complete gastnc
atrophy with subsid of the infl y changes However 1t 15 wise 1o
consider that neither gastnitis nor gastric atrophy are normal mn elderly people
but have the same sigmificance as 1n younger persons Palmer (1954c) found normal
or nearly normal mucosa m 30 patients over 60 and without symptoms referable
to the upper gastro intestinal tract

A fanuly history of duodenal ulcer 1s common n patients with this condition
{Doig and Wood 1952b) and to a lesser degree the same situation obtains with
gastric uleer (Doll and Kellock 1951) We were unable to find much reference to
dyspepsia 1n the family history of patients with gastrtis

In our experience chromic alcoholism 1s the commonest known cause of chronic
gastnitis this view was reported by Joske et al (1955) who found no apparent
correlation between nutntional states and gastritis inferning that 1t is the direct
effect of alcohol which 1s the cause of such gastritis These authors found that a
survey of the dietetic habits and gastric biopsy findings of 695 subjects revealed
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THE CLINICAL FEATURES OF CHRONIC GASTRITIS

We still maintamn the view expressed earher (Doig and Wood 1952a) that in the
absence of gross local disease of the stomach (or duodenum) upper abdomnal
symptoms and disturbances of eating 1n the pattern anorexia nausea vomiting are
reasonably related to demonstrable gastric disorder both of structure and of func
tron Joske et al (1955) observed that subjects with normal mucosa as shown by
gastric bopsy rarely had clintcal symptoms which could be attributed either
entirely or partly to gastritrs (frequency I m 16) whereas those whose gastric
biopsy showed pronounced superficial gastntis atropluc gastritis or gastric
atrophy had symptoms of gastritis much more frequently (frequency 1 1 3)
(see Table 1) We are unable to agree with Palmer (1954b) who related symptoms
to a wide variety of lestons outside the stomach and duodenum It 1s also often
suggested that since many patients with gastritis and achlorhydna have no
symptoms gastritis and symptoms are not related Since gall stones may be found
without colic dyspepsia or jaundice and peptic ulcer without symptoms such an
objection merely pornts out our difficulties 1 understanding how symptoms anse
1n all three chinteal conditions

TABLE 1T

THE RELATIONSHIP BETWEEN GASTRO INTESTINAL SYMPTOMS
AND GASTRIC BIOPSY FINDINGS

(After Joske et al 1955)

Gastro tntestinal Symptoms
No gast o
Gastric biopsy fi dmys | Indicant e of | Indicatne of | Mot intestinal | Total
gastntis gast s indicati e symptons
mpart | of gastrins
Normal (including
slight superficial
gastnitis} 12 9 25 99 345
Pronounced superficial
gastritis. 79 51 127 121 378
Atrophic gastritis 50 39 51 81 2
Gastric atrophy i s 5 35 56
Total 152 104 403 336 1000

The average chinical picture of gastrtss 1s of a middle aged pattent with a history
of indigestion for several years Symptoms intermut as 1n the case of peptic ulcer
The chief complaimt 15 of pain fullness or discomfort m the epigastrium occurring
a short time after meals and seldom at night Despite the achlorhydrna or hypo
chlorhydria relief by alkal: may occur but lacks the rapidity or completeness of
the relief obtamed by patients with ulcer With the recurrence of symptoms
poor appefite nausea and vomiting may occur and imjudicious selection or
restriction of diet may Iead to wesght loss and vitamun deficiency Flatulence 1s
common both in the presence of the above symptoms and 1n patients with gastritis
but no other digestive Apart from md gastritis may occasion
ally lead to haematemesis or melaena This description of the chnucal picture of
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et al (1955) had gastric atrophy 5 years before the onset of overt pernictous

and sub bined degeneration of the cord On the other hand we
have observed 1 patient who usually has atrophic gastrtis but occasionally shows
a classtcal picture of gastric atrophy—that s a resolution of inflammatory changes
in 7 years this patient has not developed signs of pernicious anacmia

HISTOLOGICAL FEATURES

In this account we are most concerned with persisting gastritis of the wcid secreting
mucosa and have not considered gastutis of the antrum giant hypertrophic
gastiiis or acute forms of gastnitis

It 1s useful to consider three stages of chronic gastritis In superficial gastrtts the
superficial epithelium of the nidges and pits shows varying degrees of irregularity
the lamina propria shows an excess of cells which 1s maximal between the gastric

Fic 76 —Gastric atrophy with intestinal meta
plasia m a patient with pernicious anaemiz
who had received full and successful treat
ment with whole liver extract and later vita
mn By, for 13 years The biopsy fragment
obtained by the flexble gastric bropsy tube
extends down to the musculans mucosae
and shows no regeneration Haematoxyhn
and eosin (x 130—reduced by one quarter
m reproduction }

pits and the tubules show minor changes some reduction i number and an
increase 1n mucus secreting cells Atrophic gastritts shows similar changes n the
superficial part of the mucosa There 1s a further progression 1n the loss of the
gastric tubules and alteration of their epithelial iming and intestial metaplasia
with goblet cell formation 1s present i varymg degree Gastric atrophy 15 the
term we have used for the gastric leston of permicious anacmta the surface epithe
lhiwm 1s tall and regular and intestinal metaplasia 1s more common the Iamm;
propaa s imcreased 1 amount but the wandenng cell infiltration 1s rmmmal an
the gastric glands are almost entirely absent being replaced by glands whose
cells stain pink with mucicarmine or are lined by extenstons of intestinal mv.\(:csral
with frequent goblet cells These changes have been described by Magnus a{(lh
Ungley (1938) they are unaffected by treatment (Doig and Wood 1950 Finc!
and Wood 1953 Badenoch and Richards 1953 Siwrala 1954 1956) (see Fig 76)
The changes m gastritis have been described by Doig and Motteram (1950)
Funder and Weiden (1952) and Motteram (1951) The changes following madl;a
tion have been described by Doiget al (1951) Brownetal (1952) and Goldgraber
etal (1954)
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Eﬂect of emotion on gastric activity
1 which underhes many gastric has been 1nt ly

studled 1n the fistulous subject Tom (Wolf and Wolff 1951) Most threatemng
situations for Tom led to an emotional conflict between a desire for aggressive
and independent action and strong needs for support and approval and at the
same time there was often gastric hyperfunction the motie stomach secreting more
acid and the mucosa being engorged and more fragile Accompanying nausea
there was relaxation and diminished secretion of the stomach and an increase 1n
duodenal motility 1n amplitude and f with of
duodenal contents (Wolf 1943 1949 Abbotetal 1952) With Tom i situations
where defeat had oceurred his reaction was of dejection and sadness and there
was dimitushed gastric activity Similar findings were made 1n the other patients
reported 1n the above studies The accompanying symptoms were those of fullness
anorexia or nausea and occastonally vomting that 1 stmufar to those described
by us However no detailed study of the psychological state at the time of symp
toms was made m our patients and the association of life stress and pathological
changes 1n the stomach 1s at the moment speculative

COURSE OF GASTRITIS

Fairley et al (1955) have made a study of the chnical course over 5 years of 32
patients with atrophic gastritis established by gastric biopsy at the beginning of
the period Of 27 patients who had symptoms mmully unly I has shown remussion

while 4 have since had t n 3 the showed
some local leston  this was a small }uatus herman 1 bemgn gastric ulcer in 1 and
a doubtful ulcer niche 1n I There were 3 examples of oesophageal regurgitation
also seen on radiological examnation while 22 other patients had no radiological
abnormality Comparison of the results of histamine test meal 1n 25 patients
showed that 8 patients had increased secretion of acid  Although various factors
may have been responsible for this change including decreased intake of alcohol
(4) treatment of syphilis (1) and better diet (2) 1n none of these 8 cases was there
gamn 1 weght or decrease in symptoms None of the 32 patients showed any
teduction 1n the inflammatory changes seen in the biopsy We feel that this con

tinued history of symptoms 1s further evidence that gastritis can contribute to
upper gastro mtestinal symptoms Nine patients died from various causes—7 were
examned post mortem and had no carcinoma of the stomach

TREATMENT OF GASTRITIS

There 1s no specific treatment except the proscription of alcohol where indicated
However armed with a positive diagnosis the physicran can help the patient by
reassurance about the absence of cancer encouragement to take a more liberal
diet and sympathetic assistance 1n those of the patient s problems which seem
related to his indigestion It 1s frequently reported that acid 15 of value n the
treatment of gastritis or the patient with achlorhydria we have on occasion tried
it but have not been impressed with the result The usual dose 1s quite inadequate
1o reduce the pH to a level which will promote peptic actiity (koehler and
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chronic gastritis 1s confirmed by Rappaport (1955) 1n his deseription of patients
with achlorhydria

Many patients who are subsequently found to have gastritis seek attention
complaming of anaemia  Changes in the mucosa were common i both hypo
chromic anaemia of Witts and 1n the various macrocytic anaemias other than
permicious anaemia (Joske et al  1955) Davidson and Markson (1955) foun
gastritss in 31 of 42 patients with 1ron defi Since an app b
number of such cases have normal mucosa 1t 1s clear that the achlorhydria or
gastriis 15 not the chief causal factor Davidson and Markson suggest 1t 15 2
conscquence while the observations of Grace et al (1954) showed that tron
absorption 1n one subject was independent of gastric acidity This suggests that i
hypofunction of the duodenum 1n respect to iron absorption the same factors may
lead to gastric hypofunction as well

Clinteal examination

Physical examination 1s unrewarding Some 50 per cent of patients have diffuse
epigastric tenderncss and moderate to severe atrophy of the tongue 1s more
common than would be expected 1n normal persons weight loss 1s of the same
order as seen 1n peptic ulcer Again it may be said that gastroscopy and radiological
examination have no direct role in the diagnosis of gastritis but serve to exclude
local lestons of the stomach

When one compares the results of histanune test meal with the degree of
hustological change there 1s a direct correlation (Wood et al 1949b Funder and
Weiden 1952 Joskeetal 1955) with progression of the atrophy of the mucosa
there 1s decrease 1n volume of gastric juice and output of acid and pepsin (see
Fig 77) On these grounds 1t 1s probable that one can infer with some accuracy the

Gastric Case
biopsy distribution
finding per cent
Normal B
50/
275 cases k _l
g:fl:;x’smal 50 /- Fi 77 —Histogram showing relation
- | e between finding at gastric biopsy
f\?rso‘;ﬁ:s and histamme test meal (after
gastritis 50 /4 Joske et al  1955)
72 cases 1 —
Gastric ] —
atrophy  |sgy
4 cases

1-20 2160 >60
Maximum free acid (uruts)
in histamine test meal

hikely histological findings at gastric biopsy from the results of 1 fractional test
meal using histamine The capacity of the stomach to respond to an mtravenous
injection of nsulin with increased motihty 15 unaltered (Epstein 1949) Simularly
the radiologist 1s unable to detect alteration in gastric emptying time as was
originally suggested by Hurst (1946)
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Eﬂ((’f afemalmn on gastric actinty

The mechantsm which underlies many gastric symptoms has been ntensively
studred 1n the fistulous subject Tom (Wolf and Wolff 1951) Most threatening
situations for Tom led to an emotional conflict between a desire for aggressive
and independent action and strong needs for support and approval and at the
same time there was often gastric hyperfunction the motile stomach secreting more
acid and the mucosa being engorged and more fragile Accompanying nausea
there was relaxation and dirumshed secretion of the stomach and an increase 1n
duodenal motility 1n litude and with of
duodenal contents (Wolf 1943 1949 Abbot et al 1952) With Tom in situations
where defeat had occurred his reaction was of dejectton 1nd sadness and there
was dummshed gastric actiity Simular findings were made 1 the other patients
reported 1 the above studies The accompanying symptoms were those of fullness
anorexia or nausea and occasionally vomiting that 1s simular to those descrnibed
by us However no detatled study of the psychological state at the time of symp
toms was made 1n our patrents and the assocration of Iife stress and pathologtcal
changes n the stomach 1s at the moment speculative

COURSE OF GASTRITIS

Fairley et al (1955) have made a study of the clinical course over 5 years of 32
patients with atrophic gastritss established by gastnic biopsy at the beginmng of
the period Of 27 patients who had symptoms imtially only 1 has shown remission
while 4 have since had In 3 the radiol 1 showed
some Jocal leston this was a small hiatus hermia in | berugn gastric nlcerin 1 and
a doubtful ulcer niche 1n 1 There were 3 examples of oesophageal regurgitation
also seen on radological examination while 22 other patients had no radwlogical
abnormality Companson of the results of histamine test meal i 25 patients
showed that 8 patients had increased secretion of acid Although various factors
may have been responsible for this change including decreased mtake of alcohol
(4} treatment of syphilis (1) and better diet (2) 1 none of these 8 cases was there
gam 1 weight or decrease 1n symptoms None of the 32 patients showed any
reduction 1 the mflammatory changes seen in the biopsy We feel that this con
tinued hustory of symptoms 1s further evidence that gastnitis can contnibute to
upper gastro wntestinal symptoms Nine patients died from various causes—7 were
examined post mortem and had no carcinoma of the stomach

TREATMENT OF GASTRITIS

There 15 no specific treatment except the proscription of alcohol where indicated
However armed with a positive diagnosis the physician can help the patient by
reassurance about the absence of cancer encouragement to take a more liberal
diet and sympathetic assistance m those of the patient s problems which seem
related 1o his indigestion It 15 frequently reported that acid 15 of value m the
treatment of gastritis or the patient with achlorhydria we have on occasion tried
1t but have not been mmpressed with the result The usual dose 15 quite inadequate
to reduce the pH to a level which will promote peptic activity (hoehler and
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Windsor 1943) Paradoxtcally many patients use alkaline powders but the pattern
of relief does not resemble that achieved in peptic ulcer With these patients there
15 a slow decline 1n intensity which may continue over half an hour this 1s 1
contrast to the rapid response in patients with peptic ulcer (Bonney and Pickering
1946) Anaemma may be treated with ferrous sulphate or gluconate where iron 1s
lacking H: or mel should be along usual hnes and
rarely requires operation The diagnosss can seldom be made n the acute stage
and we are distrostful of a diagnosis of gastritis made at Japarotomy for bleeding
when the stomach 1s not opened or when 1t 1s opened only after extenste handhing
from the outstde

GASTRITIS AND CANCER

The studies of Comfort et al (1947) have shown that achlorhydnaand byinference
gastritts are possible precursors of cancer and Ivy (1955) has suggested the 1m
portance of gastntis 1n this respect in a review of experimental work on gastrnic
carcmogenests So far we have no evidence to offer having regard to the 180
patient years in the study of Fairley et al (1955) whereas the mcidence 1s of the
order [ per 1 000 in the over 60 years age group

CONCLUSION

Gastric biopsy has afforded greater opportunities for the study of changes n the
gastric mucosa m a wide vanety of cluucal situations and yrelded much data
about acute gastriis chromic gastritis and gastric atrophy In this review of our
experence we feel we have established that chromic gastnitss 1s a clinical condition
the symptoms of which are played so to speak tn a mnor key From time to time
the symptoms may assume greater proportions especially 1n response to psycho
logical stress or over indulgence 1n alcohol while fear of cancer may be a factor in
causing symptoms to be felt acutely and feared by the patient We are also confident
that 1n a large majonty of cases the distinction between severe atrophic gastritis
and gastric atrophy has sigmficance 1n relation to a diagnoss of pernicious anaemia
and/or sub: d d of the cord Questions still unanswered
mclude the actiology of chronic gastritis of its histogenesis the precursors of the
atrophy of pernicious anaemia and the relation of cancer and gastntis
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CHAPTER 14

STEATORRHOEA
W T Cookk AND J M FRENCH

A GENERAL presentation of the steatorrhoea syndrome 1s given 1n the first series of
this work 1n this volume therefore attention will be focused only on certain
aspects of the condition

DETECTION OF STEATORRHOEA

It should now be well recognized that the estimation of the percentage of fat in 2
specimen of dried faeces seldom provides reliable evidence as to the presence or
otherwise of steatorrhoea The best that can be said 1s that where the percentage
1s more than 30 excess fat 1s likely to be present The introduction of improved
quantitative measurements of faecal fat has been responsible for much of the
mncreased awareness of the chimical significance of steatorrhoea To obtam these
improvements balance data have been used Patients have been placed on diets
contaimng a known amount of fat and the fat absorption (thatis the difference
between the amount of fat ingested and that excreted) calculated as a percentage of
gested fat However the percentage absorption in normal subjects tends to
increase as the absolute amount of fat ingested increases although as Wollaeger
et al (1947) pointed out the absolute amount of fat 1n the stools increases shghtly
also

It has long been recognized that human subjects on a fat free diet excrete 1-3
grammes of fatty matenial daily (Sperry 1926) Ths 1s dernved from non dietary
sources such as epithelial debris ressdual matenal from secretions and synthesis
by bactenia or other orgamsms while the possibthty of actual excretion of fatty
material into the intestinal lumen cannot be excluded

As non dietary elements of faecal fat cannot be satisfactorily assessed at present
and percentage absorption varies with intake 1t 1s more logical to express
results of faecal fat analyses simply as grammes excreted per 24 hours instead of
relating this to intake and the expression percentage absorption should be
abandoned Cooke et al (1953b) found the amount of fat in the stools of normal
subjectson a 50-75 gramme fatdiettobe 3 33 SE019 Anneg
et al (1948) added lard and hydrogenated vegetable oils to a basic diet to give 1
fat intake varying between 93 and 167 grammes of fat They found that the daily
fat excretion for 40 subjects was 391 grammes (S D 1 56 grammes) Wollaeger
et al (1947) found that the faecal losses of fat on a diet contaming 101 grammes
daily—the majority berng cream and butt 41g (SD05g
and on a 200 gramme fat diet 8 7 grammes (S D 07 gramme) They pownted out
that according to observations published in the Iiterature faecal fat showed a
shght but definite increase with increase of the amount ingested

SE=Stadad o SD=5u dardd o
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DETECTION OF STEATORRHOEA

The differences 1n fat excretion by normal subjects on muxed diets containng
between 50 and 150 grammes of fat are small and almost within the limits of error
of the vanous for faecal fat As ordinary mixed diets 1n the
United Kingdom contai between 70 and 90 grammes of fat per day no sigmificant
errors 1n diagnosis should be made if the upper limit of normality for fat excretion
1s placed at 6 grammes daily From thus 1t follows that an immense saving in time
and effort can be made by dispensing with the use of carefully measured dets
Stools should be collected over 3or more dayson ordinary diets and the fat content
estimated dady or in bulk lots The rapid method of estimating the fatty acid
content daily (Kamer et al 1949) 15 the most convement and accurate enough
for most purposes This generalization is applicable only to the detection of
steatorrhoea as an aid 1a diagnosis

Exceptions to this practice must be made when patients are eating httle and
some care must be taken particularly with 1l patients to ensure that adequate
amounts of food are 1 fact eaten In subjects with malabsorption the intake of fat
has a great effect upon the faecal output and any conclusions derived from study
of the faecal fat output n such persons other than the fact that it 1s abnormal
must be related to controlled 1ntake In the case of patients excreting amounts on
the borderlne of normality the chnical hustory and the results of other tests must
be taken into account before proper sigruficance can be assigned to such figures
If these exceptions are borne 1n mind  the great bulk of faecal fat analyses can be
carried out and logical conclusions drawn perfectly satisfactonly without diet
kitchen facthities

Nitrogen excretion

Thaysen (1932) held that mtrogen absorption was httle affected n 1diopathic
steatorrhoea and that the occastonally high vatues noted with diarrhoea 1n such
cases were due to excrehion from an 1rritated bowel Jt 1s still taught that mtrogen
absorption 1s little affected (Bockus 1946) and ths has often been regarded as a
pont 1n diagnosis from the steatorrhoea of pancreatic snsufficiency 1 which 1t 1s
well recognized that mitrogen absorption may be impaired

Recent work (Taylor et al  1952) has shown that the faecal Josses of nitrogen m
1diopathuc steatorrhoea were sometimes quite as high as those 1n pancreatic m
sufficlency The absorptive defects for fat and mtrogen did not always appear to
be of comparable magmtude Drethng (1953) has made stmilar observations
However 1n 6 cases Cooke et al (1953b) found a positive correlation between the
fat and mitrogen and the amounts bore a striking resemblance to those found m
3 patients with non functromng pancreas or no pancreas at all Tt thus appears
that where there 15 a large amount of fat 1n the stools there 15 ltkely to be an
mcreased amount of nitrogen and that contrary to previous behef this latter
finding has no sigmificance 1n differential diagnosts between diopathic steatorrhoea
and pancreatiis How much of the excessive nitrogen excretion s derived from
malabsorption and how much from other sources has not been determmned There
18 however evidence that the mitrogen excretion 1n the steatorrhoea due to liver
disease 1s not increased Gross et al (1950) found no significant mcrease of nitrogen
n hepatitts and Laennec s cirrhosis in the presence of steatorrhoea whilst Atkinson
et al (1956) found normal faecal mitrogen values 11 obstructive Jaundice despite
moderate 1o severe steatorrhoea
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Disturbances of electrolyte metabohsm

The normal subject passes 100-200 millilitres of water per day in the stools
together with 2-5 mulli equnvalents of sodum and 10-15 mulli equnalents of
potassium Increase 1n the amount of water 1n the stools as for example 1n patients
with diarchoea 15 assocrated with an increase tn the excretion of sodium 1n quanti
ties which indrcate a direct relattonship between the two The amounts of sodium
that may be found in severe diarrhoea can be as much as 200-250 mull; equivalents
per day

In patients suffering from non tropical sprue 1t has been found that there 15 an
increased faecal excretion of potassium also In such mnstances the daily excretion
of potassium 1s about 25 mull: equivalents although on occasions as much as
60 mill equivalents may be found As the flind content mncreases the amount of
potassium remains relatrvely unchanged until farge quantities of water are bemng
passed (for example 1 000 millilitres 1 24 hours) 1t then increases colmic contents
remaining more or less 1sotonic with plasma The mcrease 1 potasstum appears to
be mainly endogenous in origm asthead ration of large of pot:
by mouth under these circumstances does not lead to any significant further
increase 1n the faeces 1t has also been found that 20 per cent of a dose of radio
active potassium salt injected ntravenously 1s excreted 1n the faeces Some faecal
potassium may however be due to that present in unabsorbed food

The dangers of electrolyte depletion during severe drarrhoea 1s well recognized
but the development of severe deficits following prolonged shght negative balance
1n patients with hittle or no diarrhoea as may be found 1n 1diopathic steatorrhoea
has not recerved the attention 1t deserves This aspect was studied by Blawney et al
(1954) They showed by studies with #2K 1n 12 patients with idiopathic steatorrhoea
that the total exchangeable potassium for the males and females aseraged 63 and
58 per cent of the mean normal values A further study of 23 patients with steator
rthoea the majority idiopathic by Flear et al (1957) showed sumilar results the
average being 58 per cent of the mean normal values (range 15 6-82 per cent)
A number of these patients had no diarrhoea

Wasting which 15 such a feature n 1diopathic steatorrhoca 15 associated with
considerable loss of muscle mass and the potassium findings can partly be explained
on this basis but 1t was demonstrated 1n 16 of the 23 patients that the lowered
total exchangeable potassium was due also to mtracellular depletion In 20 of
these patients the exchangeable sodium was estimated simultaneously with the
potassium In none of these patients was there evidence of gross dehydration at the
time of study and there was no evidence of significant deviation from the mean
normat values

1t has been pomted out by Moore et al (1954) that the serum levels of potassium
are not a relrable guide to the state of the stores of exchangeable potassium The
Birmingham United Hosputals figures confirm this observation 1n steatorrhoea as
many of the 35 patients studied had normal serum values at times when thesr
stores were low (Flear et al 1957a) It 1s important to realize therefore that in
steatorrhoea many patients have deficient stores of potasstum and that in some
thes 15 of severe degree

Potassium deficzency may play a part in the production of intestinal distenstont
and sleus the peripheral neuropathy and mental disturbances wesght loss and
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renal tubular neuropathies occurring in the s(camrrhoea syndrome Since pre
vention 1s better than cure 1t 1s rmportant to of
salts whenever the patient 15 1n relapse and from time to ime when 1n good health

Disturbances 1n water excretion

Many patients with steatorrhoea show upsets in urinary excretion of water as
evidenced by a marked nocturnal polyuna This symptom appears when patients
are 1n relapse and usually clears up completely when the patients are well Tt can
be a most troublesome symptom causing the patient to pass urime 4-5 times per
night Even on a daily wntake of 1 400 millifitres urine volumes as high as 4 mullt
litres per munute may be passed between mudnight and one o clock whilst only
small amounts are passed during the day an inversion of the normal rhythm m
which small amounts are passed at night and larger amounts during the day

Wollaeger and Scribner (1951) drew attention to the poor diuresis that follows
oral ingestion of water in patients with severe steatorrhoea and suggested that the
nocturnal diuresis was related to the retentton of Jarge volumes of water 1 the
ntestines during the protonged period necessary for the digestion and absorption of
food They demonstrated clearly that the diuresis was not accounted for by renal
disease or difference 1n posture during the mght They also demonstrated that the
time of maximal diurests was influenced by the time of taking food and showed that
mereasing the flud intake first increased the volume of the night urine When
1ncreased beyond a certain amount no further increase in nocturnal diurests was
effected and the daytime urine increased One pont of chimical interest emerging
from these observations was that some patients with steatorrhoea can give false
positive results 1n the Kepler s water test for Addison s disease especially impor
tant when 1t 1s remembered that many patients are pigmented (and a few may also
have prgment 1n thetr mouths) have low blood pressures asthema and often dis
turbed serum electrolytes

By the use of heavy water Reitemeir et al (1956) have demonstrated that there
1s indeed a lower rate of absorption of water which corrects 1tself as the patient
improves It 1s of interest that the rate was not speeded up by the admumistration of
cortisone even though the patient s general condition approached normality with
this therapy

Taylor (19542 and b 1955) extended the 1mitial observations of Wollaeger and
Seribner (1951) He agreed with theit hypothesis of a delay 1n water absorption and
pointed out the great delay m g water foll g the oral ad: 10n of
one Litre of water He found a significant positive correlation between the degree of
thus defay and the degree of impairment of fat absorption He did however find
a similar delay in patients with untreated pernicious anaemia which almost dis
appeared when treated though not returming completely to normal In permicious
anaenua Taylor believed that lhe(e was mutially a delay in water absorption but
a renal factor mght also be -84 plete return to normal
Obsenvations 1n other conditions may provlde a clue on the mechanuism of the
delayed dresis 1n steatorrhoea

In a senies of 28 patients with steatorrhoea Flear and Cooke (1957b) were unable
lo find any correlation between the degree of delayed diuresss and the defect 1n fat

nor coutd any ) be found between the drretic response and
the serum proteins or degree of anaemia Lattle or no modification of the response
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was noted with hydrocortisone The tNa and 47K spaces were determmed simul
taneously in 9 patients No correlation could be found between the delayed diuresis
and the exchangeable masses of sodium and potassium

Stmmilar delays in diwresis were noted in patients with cirrhosis of the Iver
congestive cardiac fatlure ulcerative colitis and severe hypokalaemua whilst
completely normal r were ob d 1n 2 patients with severe hypopro
temnuna The similanty 1 response 1 these several conditions raises the questson
as to whether the apparent delay in water and sodium absorption n steatorrhoca
15 the complete explanation of the upset m water excretion In I patient the
nocturnal diurests continued unch d during the ad ration of flusd con
tinuously for 7 days by a gastric drp without normal meals supgesting that there
may well be some more fundamental defect causing this phenomenon This
suggestion was supported by observations on patients with regional ileitis with
steatorrhoea and apparently normal radiological pattecns of the ntestinal mucosa
tn the jeyunum and upper half of the ileum In none was the faecal excretion of
water more than 400 mullifitres per day but in all there was the same delay 1n
dwresis and 1ncreased nocturnal excretion of water Nocturnal duresis i these
conditions needs further mvestigation before the delay in absorpuon of flud
after meals as put forward by Wollaeger and Seribner (1951) can be accepted as
the complete explanation

TREATMENT

Dtet has for long been the mainstay of treatment 1n the steatorrhocas The vanous
regimes 1n both adult steatorrhoea and even tropical sprue have been much
influenced by the results in coeliac disease whilst those in the steatorrhoeas due to
organic disease such as regional enteritis or post gastrectomy are often taken
from those 1 use in the sprue syndrome although other treatments concerned with
therr speaific pathologies have their place

COELIAC DISEASE

Such great changes have taken place i the understanding of coeliac disease in the
last few years begimming with publications of Dicke (1950) and Weyers and kamer
(1950) that some review of the dietary approach to treatment 1s necessary

From the time of the classical description by Gee (1888) 1t was constdered that
the intestine 1 coeliac disease was unable for some obscure reason to  tolerate
certam foods and efforts were directed to elimnate from the diet suspected un

b t Gee excluded fruits and vegetables and dered that cows

milk was poorly tolerated though asses mutk was beneficial he also observed that
thighly starched foods were bad for the patients with coeliac disease but that eggs
and butter were satisfactory Schutz (1904) eliminated all fruits and vegetables
Heubner (1909) recommended no fats or carbohydrates whilst Herter‘ (l90§)
found proteins well borne fats mod: ly so and carbohydrates badly
Writers continued to stress the fatty stools and the apparent difficulties with fat
metabohsm and 1t was natural that drets emphasized the reduction or elimination
of fats Mufler (1923) reduced the fats and increased the proten mn the form of
chicken eggs lean meat and fish and many other writers notably Parsons (1932)
continued to recommend low fat diets
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Howland (1921) recommended diets nich 1 proten based on the wdea that
carbohydrate must be ngorously excluded m the tnitial stages of treatment though
there were frequent of p as he later d carboh;
mto the diet Haas (1924) used a similar high protein diet to which he added
bananas and other frusts and some vegetables after this a wider use of vegetables
and fruts especially bananas may be noted n the lerature Fanconi (1928)
confirmed the value of fruits and vegetables and also reduced fat mtake by the
use of buttermilk or sktmmed dned muilk He observed that cane sugar and gran
foods were not well tolerated Andersen (1947) excluded starches on the grounds
of deficient pancreatic amylase

Certamn general dietary rules had grown out of these many years of trial and error
the main restrictions were hitle or no fat Little or no starch Iittle sugar and that
as far as possible of a type least likely to undergo fermentation Starvation diets
would undoubtedly have resulted had 1t not been accepted that a high protem
1ntake was reasonably tolerated Even with careful dieung the disease ran 2 long
drawn out course marked by many ups and downs and relapses lasting 2 or more
years were commonplace Mortality was reported m different sertes to vary between
5-15 per cent and occasionally to be as high as 30 per cent

The great difficulty with the assessment of the value of the various diets was the
fluctuating course of the disease itself with periods of improvement and detenora
tion for no apparent reason coupled with the lack of any acceptable criterion
upon which to define day to day improvement Sheldon (1949) reported that the
withdrawal of starch from the diet led to improvement n the fat absorption and
Towe and May (1951} made somewhat similar observations with  complex
carbohydrates

In the meantime 1t had been noticed by Dicke a paediatrician working m The
Hague that children with coeliac disease who had been progressing very favour
ably under the conditions of starvation tmposed by the war time German occupation
of Holland began to fare Jess well with the remtroduction of adequate food
ymmediately after 1ts cessation He attributed this to the introduction of the cereals
wheat and rye 1n the diet (Dicke 1950) and noticed that their withdrawal led to
toss of symptoms the disappearance of diarrhoea and improvement of fat absorp
ton These observations were extended by work 1n Utrecht (Weyjers and kamer

1950) and subsequent observations by these workers (Dicke et al  1953) showed
that the offending portion of the wheat and rye flour lay not in the starch but m
the protem fraction Therr findings were quickly confirmed by others i Great
Brtain (Andersonetal 1952 Sheldon and Lawson 1952) and 1n the Scandinayian
countries It seems clear from these studies that if wheat and rye flour s withdrawn
completely from the dict the culd suffering from coeliac disease becomes symptom
free anaemia disappears appetite returns and growth 1s resumed at a normal or
even mereased rate for the child s weight and age Reintroduction of wheat or rye
flour or the gluten or gliadin fraction of these cereals results i return to a state
which 1s indistingwishable from the onginal itiness and very small amoums {for
example [ gramme of wheat protein) daily may be sufficient Relapses of this
nature may be tmitiated within a few days but clear up again rapidly with cessation
of feeding the offending protein or whole flour

It 1s also clear that starch per se has no deletenous effect and a number of starchy
foods have been specifically examined by the Dutch workers by feeding starch to
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FiG 78 —(a) Influence of wheat free diet Fat excretion and absorption 1n a case of 1dropathic
steatorrhoea Female aged 50 years with 25 years history Gradualimprovement over 110 days

to normal Relapse induced with 30 grammes of gluten daily Symptom free for 4} years No
coeliac history The slow rate of improvement 1s noteworthy’

@)
() Red-cell changes 1 a case of idiopathic steatorrhoea on gluten free diet (same case as i
Fig 78a) Improvements were obtaied m the earlier years with hiver extract cyanocobalamun
and folic acid The mean cell volume however at no time during this persod fell below the
upper lumits of normal After the institution of the gluten free diet raprd improvement took
place without specific haematinic therapy and anaemia and macrocytosts disappeare
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In considering the effect of the gluten free diet in troprcal sprue it must be
remembered that adult coeliac disease could develop for the first time 1n the
tropics and might later well be regarded as chronic tropicil sprue The chronicity
of the illness and a favourable response subsequently to a gluten free diet should
serve to differentiate the illness from true tropical sprue especially if relapse with
gluten or flour contaming gluten can be ehcited It 15 well recognized that the
tendency in tropical sprue 1s for the patients to be completely cured in a temperate
climate on diets 1n which normal amounts of wheat are 1ncluded

THE GLUTEN MECHANISM
Increase of faecal fat
Lattle 15 known of the precise mechanism by which wheat and rye glutens exert
their effects upon the gastro intestinal tract and possibly elsewhere 1n the body
It seems probable that 1f the 1liness has been established for some time the picture
1s much more by and due to defect:
absorption and other metabolic disturbances and n addition loss of electrolytes
The study of the effect of gluten therefore simply by 1ts withdrawal from the dret
of 1ll patients might yield little information about the mechanism A more hopeful
approach 1s that of allowing the patient to recover on a gluten free diet and then to
study the influence on the metabolism of feeding gluten orats derivatives This has
been done to a considerable extent by the Duich workers whose studies clearly
established that feeding gluten and gliadin led to an increased loss of fat in the
faeces with increased looseness of the stool 1n most cases the observations with
wheat gluten were confirmed in England (Anderson et al  1952)

The general view 1s that there 1s defective absorption 1n coeliac disease not only
of fat but of all substances and thus 1s supported by innumerable investigations
The nature of the absorptive defect has been dealt with 1n the previous volume
(Avery Jones 1952) Weyers and Kamer (1953) were of the opinion that there was
an upset i the intermediary fat metabolism and that this fat was a true excretton
The Dutch workers the total d and faecal fatty acid
on a day to day basis and showed that 1n some cases the excreted saturated fat
was 1n excess of the intake Subsequent studies with very low fat intakes showed
a low faecal fat on a gluten free diet but when gluten was added the faecal fat
mcreased n one case to 6-10 grammes daily although the intake was only about
1 gramme This amount was excreted for 2-3 weeks and the fatty actd was mostly
palmutic acid

Streptomycin given to 1 patient did not alter the amount of fat excreted Al
though similar findings have not been reported elsewhere fat excretion on a very
low fat diet in patients with coehiac disease under such conditions has not yet been
extensively studed The actual source of the excreted fat was not suggested by them
but an mcrease in the rate of desquamation of intestinal cells seems a possible one

Excesstve fat could come from other sources such as unabsorbed diet bile or
intestinal secretions It could also be derived from intestinal organtsms An interest
ing finding of this nature has been made recently by Sammons et at (1956)

Cultures of a loopful of faeces from a case of sprue m 1 per cent glucose 2 per
cent peptone broth showed visible and stanable fat on the surface of the medium
withina fewdays The organism responsible appeared to belong to the Streptococcus
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faccalis type (Lancefield group) The conversion ritio of medium to fat was high
(250 mithigrams of fat from 300 muthgrams of substrate) In later studies they
found that the addition of folic acid and sodium bicarbonate enhanced the fat
production (Frazer and Sammons 1956a and b) In fact with the addition of | per
cent bicarbonate and 0 6 per cent folic acid to the | per cent glucose and 2 per cent
peptone the fat production was remarkable (500 milligrams from 460 mulligrams
of substrate total solids) A similar organtsm was cultured from stools of other
patients with steatorrhoea and from a number of babies The demonstration of fat
production by itestinal bacteria might prove a notable addition to knowledge
and confirmation of these results 1s awaited with interest

Denaturation of gluten

Feeding denatured gluten and gladin to children recovered from coeliac disease
has been attempted Total hydrolysis of gluten and ghadin results i1n a soluble
product consisting almost entirely of amino acids though some are destroyed in
the process and there 1s a small insoluble residue The de acidified soluble matertal
was harmless when fed to children with coehiac disease 1n amounts which would
have caused relapse had the material been whole glhiadin (Kamer and Werers 1955)
Weak acid hydrolysis results in de amudation and the more complete the de
amdation the less was the toxieity The glutamine (glutamide) structure 1s con
verted to glutamc acid by this procedure and the results led Kamer and Weyers
to believe that the glutamine content was responsible for the toxicity However
glutamne 1tself 1s non toxic tn equivalent amounts None the less gliadm given by
mouth to children with coeliac disease leads to a rise 1n glutamine blood levels
above those 1n normal children though strangely glutamene itself does not
Weyjers and kamer (1955) therefore believe that glutamine 1n bound form s dele
terious It rust be admitted however that glutamine occurs 1n other protemns for
example casemn 1n almost as high a concentration and yet even if given in large
amounts 1t has no 1l effect as 1t has 1n gluten or ghadin of wheat

““Allergy
1t seems clear that it 1s the protein or some part of the protein of wheat and rye
that 15 causing the reappearance of symptoms and signs 1n the child with coeliac
disease A protemn which 1s unsversally consumed 1n large quantities and which
causes an abnormal reaction in a small proportion of the population rases the
posstbility of an allergic basis for the unusual reaction though theee is ittle evidence
for such a belief Allergic phenomena such as asthma hay fever or urticana are
not features of coeltac disease though lly asthma s d in
adult sdiopathic steatorrhoea Skin tests although frequently misleading in testing
for tissue hypersensitivity have given no support to the rdea (Collins et al  1954)
Wheat and rye flour both of which cause deterioration 1n children with coeliac
disease make dough suitable for breadmaking maize nce and buckwheat
1th gluten 1n bl can be fed tn any quantity to
children with coeliac disease without cusing detersoration but do not make
dough The dough making properties ultimately depend upon the chemical con
stitution of the gluten This association therefore would seem to pont to some
peculianty of chemical structure which 1s responstble for the effect in coeliac disease
This 1s further emphasized by an antigenic relationship which has been demonstrated
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between wheat and rye gluten {and also barley) by the induction of allergic and
immunological phenomena 1n gumea pigs more signtficantly this cross relation
shup does not extend to marze gluten (Wells and Osborne 1911 Lake et al
1914) An allergic reaction 1n a mucous membrane 15 characterized by hyperaemia
and ncreased mucus secretion  Although 1t 15 not possible to sec the intestinal
tract to determune if there 1s hyperaemia 1 coelsac disease and adult 1diopathic
steatorrhoea the small ntestinal patterns visualized with barum sulphate pre
parations mdicate a gross excess of mucus secretson {Ardran et al 1950 Astley
and French 1951) This appearance 1s not however confined to coehac disease
and adult idiopathic steatorrhoea It 1s seen also m tropical sprue and in a number
of other conditions which are not allergic in nature 1t 1s possible therefore that
the excessive mucus secretion tn coehac disease also 15 due to some cause other
than an allergre reaction Gluten may contain some constituent which the child
with coeliac disease 15 unable to metabolize like the normal person Fractionation
of gluten has not clarified the 1ssue as although chemical denaturation er i vitro
digestion might destroy substances of a toxic nature these processes mught equally
well render harmless allergenic compounds There 15 at present 1asufficient evidence
to show what 1y the mechanism of the gluten reaction 1n coeliac disease and adult
1diopathic steatorrhoea
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CHAPTER 15

THE BLIND LOOP SYNDROME
JOHN BADENOCH

1T has been recognized fot over 60 years that lesions of the small intestine can lead
to severe malnutrition and to the development of anaemia

White (1890) seeking for the cause of pernictous anaemia described 6 patients 1n
whom the small intestine was abnormal One of these was 2 man with a strcture 12
1nches above the ileo caecal valve Faber (1895) reported a case with multiple strictures
of the gut and suggested that the anaemia and failure to thrive might be due to th=
elaboration of toxins 1n the stagnant loops of bowel above the strictures As further
cases were reported the evidence that intestmal disease could lead to macrocyhic
anaermia became stronger but the picture remained confused until the brilliant expert
ments of Castle and his colleagues set true pernicious anaemua apart from other
conditions with a simylar blood picture (Castle et al 1929) The easly reports were
largely concerned with the results of strictures of the mtestine (Meulengracht 1929)
but Little et al (1929) reported the occurrence of a macrocytiC anaerma 11 & young man
i whom an anastomosts was found between the jejunum and the ascending colon
producing a biind 1oop of mtestine

In the end 1t became clear that any intestinal lesion which produced stasis within
the lumen of the gut either as a result of stricture or the formation of redundant
loops of bowel could lead to the development of a syndrome characterized by loss
of weight diarrthoea macrocytic anaema and multiple vitamin deficiencies
Gradually the condition came to be known as the blind loop syndrome and in recent
years 1t has been the subject of three reviews 1n the hiterature

Barker and Hummel {1939) reviewed 49 cases and added 2 of their own Ten
years later Cameron et al (1949a) reported a patient with a severe megaloblastic
anaemia who was found at laparotomy to have a blind loop of 1leum 70 centimetres
1 length (Fig 79) and they were able to collect a further 9 cases reported during
the previous 10 years bringing the total number under review to 61 Of these
37 were suffering from strictures and 24 had anastomoses either entero enter
ostomies of entero colostomies Nane of those with anastomoses had erther gastro
colic or high jejuno colic fistulas Halstead et al (19562) found 76 cases 1n the
Interature and reported 3 others Whlch they studlcd 1n detail They pointed out
that with the dechine 1n d i and the
that have been brought about 1n surgwal technique fewer cases of the syndrome
have occurred 1n recent years

The earlier reports were concerned with the development of anaemia and
malsutrition in patients with mtestinat stricture or anastomoses but recently 1t has
been shown that a siular picture may develop tn the presence of extenstye jejunal
diverticulosis

Taylor (1930) reported a patient who had permcious anaerua and a gastro
enterostomy in whom autopsy revealed numerous diverticula 1n the Jejunum

Montuschi (1949) demonstrated a patient with diverticulosts of the small intestie
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THE BLIND LOOP SYNDROME

1n whom the stools contained an abnormal amount of fat and Zingg (1950) drew
attention to the f1ct that the sprue syndrome mught resutt from divertrculosis of the
intestine He described 2 patients 1 of whom had steatorrhoea and the other a
megaloblastic anaemia but no diarrhoea but in this patient also the absorption of
fat m1y have been abnormal Further cases were reported by Spang (1954) and by
Krevans et al (1954) while Badenoch and Bedford (1954) described 2 patients
with the triad of jejunal diverticulosss steatorrhoea and megaloblastic anacmia
and suggested that stagnation withm the narrow mouthed duwerticula might

Fic 79 —Blind loop of ileum 70 centtmetres 1n length bound together 1n the form ofha
rough circle contatning 9 strictures with dilatations between them The free ends of [t e
loop opened mnto the normal pathway of the bowel just above the tleo caecal valve
(Case of Cameron et al 1949a)

produce an effect simular to 2 blind loop of gut In the first of these patients the
condition was not recognized during life but at autopsy (Fig 80) massive divert
culosts of the upper part of the jejunum was found In the second radiological
studies of the bowel revealed numerous diverticula contaming flurd levels scattered
throughout the small ntestine (Fig 81) The condition does not seem to be very
rare and other cases have since been reported (Paulley 1954 Dick 1955 Wilkinson
1955 Badenochetal 1955 Halstead etal 1956 Blachford and Dawson 1956)

PATHOGENESIS

Faber s

dpe of the pathogenesis of the bltnd loop syndrome dates from

;lfrz;\l‘:li:cg:latemen:pm 1895 that the symptoms mught be the result of elaboration
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PATHOGENESIS

of toxins 1 stagnant loops of bowel Smce then great advances have been made
Today 1t 1s known that alterations i the flora of the gut and bacterial invasion of
parts of the intestine normally sterile are the basic causes of the syndrome although
the exact mechanisms tnvolved are still far from clear

The tmportance of this bacterial invasion was first emphasized by Meulengracht
(1921) who reported an autopsy on a patient with severe pernicious anaemta
assoctated with tuberculous strictures of the ileum in whom the entire small

FiG 80 —Necropsy specimen showng the Fic 81 —Radiograph showing the massive
stomach pancreas duodenum and the duodenal diverticulum and numerous
proumal 4 feet of jejunum bearing others containing flurd levels scattered
numerous dwerticula (Bv courtesy of  throughout the small intestme (By
the Editor of Quart J Med) courtesy of the Editor of Quart J Med)

mntestine was loaded with bactenia The experiments of Seyderhelm et al (1924)
lent support to the theory that bactenial 1nvasion was important They induced
fibrous strictures of the terminal ileum 1n 10 dogs Seven of the dogs survived the
operation and 2 of these developed a fatal hyperchromic macrocytic anaemia In
both 1t was found that gross bacterial invaston of the bowel above the strictures
had occurred In the ammals 1n which no anaema developed the gut above the
strictures remamed sterile Similar expenments were carrted out by Tonnis and
Brusis (1931) who formed culs de sac in the smallintestine tn dogs In 15 ammals
an anaemia usually hy perchromuc in type developed after 2—4 months It occurred
more commonly when the cul de sac was formed 1n the jejunum than 1n the
leun and 1t could be relieved by excision of the sac by the admimstration of
intestinal antiseptics or by hiver extract

More recently Cameron et al (1949b) succeeded 1n producing a stilar anaemia in
rats by the formation of blind antiperistaltic loops 1n the small intestme  The anaermia
was and and was by

233




THE BLIND LOOP SYNDROME

Folic acid and chlortetracycline were effective 1n prolonging life and curing the anaemia
but vitamin B, and liner extract were less so (Watson and Witts 1952) These expent
ments while providing strong evidence that lestons of the small intestine could lead to

anaemta and malnutrition did not provide a i for the synd
as 3t was seen i man  Although the anaemia was often macrocytic and hyperchromic
1t proved ble to d q 1 change tn the marrow

of the expenimental anmals

However the link between the experimental anaemias mn ammals and the
disease 1n man was close In the blind loop syndrome as 1t was seen 1n man neither
loss of the ability to secrete intrinsic factor nor the presence of steatorrhoea could
explain the anaemia 1n every case (Schlestnger 1933 Cameron et al 1949a)
while the only factor common to all appeared to be the development of a lesion
which produced stagnation and bactenal proliferation in some part of the gastro
intestinal tract Restoration of the normal anatomy or sterthzation of the gut by
anttbiotics would cure the anaemia and relieve the symptoms 1n man as n the
expermmental ammals without recourse to any other form of treatment (Allen and
Critchley 19501 Swrala and kaipainen 1953)

Bacterial invasion of the upper bowel could explain most 1f not all of the mant
festations of the blind loop syndrome Normally the upper intestine 1s sterile but
once1t1s heavily contamunated gross disturbances of functton may follow (Renshaw
etal 1946)

There 1s evid, that many g them biotin folic acid nicotinic
acid nboflavine thramne and vitamin K—are synthesized withn the lumen of the
intestine 1n man probably by bacteria (Welsch and Wnight 1943 Nayjar and
Barrett 1945 Denko et al 1946) A change in the bactenal flora or the presence
of abnormal orgamsms could therefore lead to vitamin deficienctes in the host
by either the suppression of essential bactena or the overgrowth of others which
requre the vitamuns for their ownmetabolism Theimportance of intestinal synthests
1 man at least of meotinic acid and vitamin K has been emphasized by the
occurrence of defi symp foll g the use of antibacterial agents
(Ellinger and Mackenzie Shattock 1946 Heyeraas 1949) On the other
hand bacterial competition 1s also 1mportant Vitamin By although it does
not appear to be synthesized mn the small mtestme mn man (Dyke et al
1950) 15 an essential growth factor for many orgamsms including Escherichia colt
(Burkholder 1952) Once the upper intestine has become infected bactenal action
may lead to a consumption of the avatlable supplies of the vitamun and a con
sequent deficiency 1n the host Other vitamins may be destroyed by the m\admg
bacteria Vitammin C 1s not formed 1n the small but 1t can be p
by bactenia from the gastro intestinal tract and in the presence of snfection a lugh
intake may be required to supply the needs of the body (hendall and Chinn 1938
Young and James 1942,

Dxa%'rho:a sxeatorrhc)ea and are p of the blind
loop syndrome and any theory of its pathogenesis must explain their occurrence
Here too abnormal bactersal action may be tmportant Frazer (1949) has shown
that organisms are present m the small intestine 1n patients with steatorrhoea and
he has postulated that bactenia may ferment the starch and split the fat i the ﬁICL
with the production of irntant fatty acids which are poorly absorbed and w lf‘
give nise to diarrhoea and an outpouring of mucus This may be the cause of the
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steatorrhoea but 1t may also be the direct result of bacteral action for Sammons
ct al (1956) have tsolated an orgamsm from the gastro intestinal tract which 1s
capable of h fat 1n large q Once steatorrhoea has become
estabhished nutrition 1s further impaired and deficiencies of the fat soluble vitamins
A D and k may be added to those already present

Anaemia when 1t occurs 1s usually macrocytic and megaloblastic and 1s the
result of a defictency of folic acid or vitammn B, or 2 combination of both The
fohic acid deficiency may be due to falure of mntestinal synthesis to bacterial
competitton for the vitamin ot 1n the presence of steatorrhoea to faulty absorp
tion (Girdwood 1953} The deficiency of vitamin B, also depends on a number of
factors The secretion of intrinsic factor may be impaired (Castle et al  1931) or
the vitamin may be involved in the general failure of absorption that accompanies
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Fic 82 —Effect of 1ncreasing amounts of mtrinsic factor and of stenlization of the
intestine with antibiotics on the absorption of n oral dose of 0 § microgram of ®Co
labelled vitamun B 1 3 patients with megaloblastic anaemia and structural abnor
mahties of the small intestine

For comparison are shown the range and mean 1n 30 normal subjects given vitamin
B,; alone and the mean in 15 patients with permicious anaemia given vitamun B,
alone and vitamin By, plus 50 milligrams of the same preparation of intrnsic factor

steatorrhoea (Girdwood 1953) However the most ltkely explanation 1s that the
bacteria present n the upper intestine compete for the vitamin and prevent its
absorption The evidence for this stems from two marn sources First sterilization
of the gut by antibiotics can induce a remission of the anaemta (Natsh and Capper
1953 Swrala and kaipanen 1953 Friedlander and Gorvy 1955) Secondly the
absorption of labelled vitamin By, can often be improved by the admunistration of
antibiotics alone Fig 82 shows the effect of treatment with antsbioties in 2 patients
with Jejunal diverticulosis and 1 with a blind loop of intestine (Badenoch et al
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THE BLIND LOOP SYNDROME

Gastric functron

In contrast to patients with pernictous anaemia 1n whom histamne fast achlor
hydria 1s the rule free acid 1s present 1n the gastric juice 1n 50 per cent of those
with the blind loop syndrome (Barker and Hummel 1939) The results of other
tests of gastric function are also variable The secretron of pepsin and the excretton
of uropepsin may be etther normal or greatly reduced (Badenoch et al  1955)
Some of the patients retain the ability to secrete ntninsic factor but 1 a few this
toolv)nay be 1mparred (Castle et al 1931 Schlesinger 1933 Verloop and Flona
195

DIAGNOSIS

Patients who develop the blind loop syndrome can be divided 1nto two groups
(1) those 1n whom there 15 a huistory of an abdomnal operauion 1n the past and
{2) those in whom the condition arises spontaneously or as an icident in the
course of a chronic disease of the bowel In the first group the development of
megaloblastic anaemia often combined with signs of iron deficiency or diarrhoea
and loss of weight 1n a patient known to have had a laparotomy months or years
previously should suggest the diagnosis Even if the cause of the symptoms 15
suspected 1t may be difficult to arrive at a defimite diagnosis because the most
careful radiological studies may not reveal the underlying abnormality

In the second group diagnosis may be even more difficult If diarrhoea 1s not 2
prominent symptom and the patient presents with a megaloblastic anaemia other
causes for the condition have to be excluded Insome the onset of symptoms at an
early age the absence of a famuly history of and the d of
free acrd and a normal secretion of pepsin 1n the gastric jurce will exclude permic
10Us anaemta

In others who are elderly and who have histapune fast achlorhydna 2 reduced
secretion of pepsin and a low serum vitamn By, the istology of the stomach
from gastric biopsy may not show the gross atrophy of pernicious anaema In
difficult cases studies of the absorption of vitamin By, labelled with radio active
cobalt may help to h the diag In pernicious t 1stically
the absorption of labelled vitamun B, 1s grossly impaired but 1s restored to normal
by giving intnnsic factor together with the test dose {Callender et al  1954) In
fot with the blind loop syndrome the absorption of
vitamin By, 1s also impaired but Iittle 1f any 1mprovement can be obtained by the
addition of intuinsic factor (Evans 1956)

As has been mentioned above 1n some pahents signs of a comcident 1ron
deficiency may point to an intestinal cause for the anaemia

DIFFERENTIAL DIAGNOSIS

In those that present with diarrhoea and steatorrhoea a Justary of recurrent
bd 1 pamn with epssodes of sut I obstruction the presence of
occult blood 1n the stools or radiologtcal evidence of stricture or focafized difata
tion of the gut will distingwish the condition from 1diopathic steatorrhoea \Vheln
the syndrome 1s the result of jejunal diverticulosis 1t may be extremely difficult
to exclude tdiopathic steatorrhoea because the presence of the diverticula may
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PROGNOSIS

escape recognition The narrow mouthed sacs may not fill with barium and even
1f they do unless flurd Jevels are seen they may be mistaken for the flocculent
clumps of opaque medium which are often present within the lumen of the 1ntes
tine when the absotption of fat 15 abnormal On the other hand patients with
Jejunal diverticulosis usually develop symptoms later mn life than those with
1diopathic steatorthoea and colicky pert umbilical pamn 1s more common and
difficult to relteve

PROGNOSIS

Prognosls 1n the blind loop syndrome depends on the cause of the symptoms Iff
they are the result of a simple stricture or some other abnormality which 1s amen

able 1o surgery complete cure can be achieved If as 1s often the case there 1s
widespread disease of the mntestine the prognosts remains that of the underlying
conditron although 1t may be possible to cure the anaemia and to restore the
patient to health at least for a ttme by medical measures alone

TREATMENT
Surgical mtervention

In the carly days anaeima and malnuintion resulting from intestinal disease
carried a very grave prognosis When Faber (1895) pointed out that stagnation of
the intestinal contents mught be the cause attempts were made to relieve the
condition surgically The mortality rate was high because although the relief of
the obstruction might be complete the patient s general condition cauld not be
mmproved or the anacmia corrected before the operation nor could the sepsis
which was almost always present be adequately controlled by the methods avail
able at the time

Barker and Hunter (1500) stimulited by Faber s work attempted to relieve a
Jeyunal stricture by performing an entero enterostomy but the patient died 2 days
after the operation It was not until 1924 that Seyderhelm achieved the first
successful surgical cure (Barker and Hummel 1939)

Laver therapy

Soon after liver therapy was 1ntroduced for the treatment of pernicious anaemia
(Minot and Murphy 1926) 1t was shown to be effective also 1n megaloblastic
anaemia resulting from intestinal disease Meulengracht (1929) reported the first
success With liver by mouth in a patient who had been resistant to other forms of
treatment and its effectsveness was soon confirmed by others (Castle et al 1931
Narbeshuber 931} Further experience made tt clear that although liver would
correct the anaemia and improve the patient s general condition relapse occurred
unless freatment was continued 1f the normal anatomy of the bowel could not be
restored by surgery Unfortunately radical surgery 15 often impossible because the
lesions are muitifocal or the stagnant loops are part of a wider pathological
process Haymond (1935) 1n a review of the literature on masstve resection of the
tntestine pointed out that one third to one half of the normal small intestine
could be removed without great impawrment of function but when the bowel 15
diseased there 15 a much smaller margin of safety (Dvoskin et al  1952) In these
cases surgery must be limited to the relief of obstruction and fistulas and treat
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Gastnc function

In contrast to patients with permicious anaemia 10 whom histamune fast achlor
hydna s the rule free acid 1s present 1n the pastric juice 1n S0 per cent of those
with the blind loop syndrome (Barker and Hummel 1939) The results of other
tests of gastric function are also vanable The secretion of pepsin and the excretton
of uropepsin may be either normal or greatly reduced (Badenoch et al 1955)
Some of the patients retain the ability to secrete intrinsic factor but in a few this
;;g]may be impaired (Castle et al 1931 Schlesinger 1933 Verloop and Flogn

)

DIAGNOSIS

Patients who develop the blind loop syndrome can be divided into two groups
(1) those i whom there 15 a history of an abdominal operation 1n the past and
{2) those 1n whom the condition arises spontancously or as an incident 1 the
course of a chronic disease of the bowel In the first group the development of 2

galoblastic often bined with signs of 1ron deficiency or diarrhoea
and loss of weight 1n a patient known to have had a laparotomy months or years
previously should suggest the diagnosis Even if the cause of the symptoms 1s
suspected 1t may be difficult to arrive at a defimte diagnosis because the most
careful radiological studies may not reveal the underfytng abnormality

In the second group diagnosts may be even more difficult If diarrhoea 1s not a
promtnent symptom and the patient presents with a megaloblastic anaemt2 other
causes for the condition have to be excluded Insome the onset of symptoms at an
early age the absence of a famuly history of anaemia and the demonstration of
free acid and a normal secretion of pepstn in the gastric juice will exclude pernic
10us anaemia

In others who are elderly and who have histamine fast achlorhydna a reduced
secretion of pepsin and a low serum vitamun B, the histology of the stomach
from gastnic biopsy may not show the gross atrophy of pernictous anaemia In
difficult cases studies of the absorption of vitamin By, labelled with radio active
cobalt may help to establish the diagnosis In perntcious anaenua charactenstically
the absorption of labelled vitamin B, ; 15 grossly impaired but 1s restored to norma
by gving 1ntrinstc factor together with the test dose (Callender et al  1959) In

galoblastic d with the blind loop syndrome the absorption of
vitamin By, 1s also tmpaired but httle 1f any improvement can be obtained by the
addition of 1ntrinsic factor (Evans 1956)

As has been mentioned above 1n some patients signs of a coincident tron
deficiency may point to an intestinal cause for the anaemia

DIFFERENTIAL DIAGNOSIS
In those that present with diarrhoea and steatorrhoea a history of recurrent
I pamn with des of sut | obstruction the presence of
occult blood 1n the stools or radiological evidence of stricture or localized dilata
tion of the gut will distingwish the condition from 1diopathuc steatorrhoea When
the syndrome 1s the result of Jejunal diverticulosts 1t may be extremely difficult
to exclude rdtopath h because the p of the diverticula may
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supplies of iron should be given 1n the form of a non wnitating oral preparation
such as ferrous gluconate or by intramuscular or intravenous injection

In severe cases when the function of the bowel 1s grossly disorganized 1t may
prove necessary to give all the vitamins and drugs with the exception of potassium
by parenteral mjection 1f a rapid remission 1s to be obtained

In the acute stage of the 1llness the use of a broad spectrum antibiotic (oxytetra
cycline 500 mulligrams 6 hourly) may improve the general condition of the patient
temporanly but the continued use of antibiotics can Jead to the growth of a
resistant flora within the lumen of the intestine and may have dangerous sequelae
Finally in pahents who fail to respond to other forms of treatment cortisone 300

11 60 daily may exert a dramatic effect Un

fortunately herc too 1f the underlying disease 15 progressive the improvement 15
hkely to be only temporary Treatment with cortisone or sts analogues requires
very careful supervision for under their influence major intra abdominal catas
trophes such as perforation of the gut or the formation of abscesses within the
penitoneal cavity may be attended by remarkably few symptoms

Although 1n some patients the disease proves resistant to all forms of therapy
the majonty respond to treatment but even when a complete remission has been
achieved 1t 1s necessary to continue treatment indefinitely 1f a relapse 1s to be
avoided

CONCLUSIONS

The blind loop syndrome 35 a rare condition but its importance fies in the fact
that although it may occur 1n the course of chronic disease of the bowel not
uncommonly 1t 1s the result of a surgical anastomosts All those who operate on
the intestine should be aware of the danger of creating stagnant loops of bowel
where bacteria may flourtsh and should it such anastomoses below the stomach
to cases where the immediate hazard to the patient or the grave prognosis of the
underlying disease justifies the risks involved If as 1s often thecase the creation of
a blind loop of bowel 1s the only course open to the surgeon knowledge of the
possible sequelae and the prompt institution of treatment should untoward symp
toms anse will do much to avert a serious outcome

As the dangers of producing stagnant loopsof intestine recetve wider recogmition
1t 15 probable that fewer cases of the blind loop syndrome will occur but 1n the
past studies of these patients have shed light on the pathogenesis of the megalo
blastic anaemias and have helped to increase our knowledge of the biosynthesis
of yitamins 1n man
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THE BLIND LOOP SYNDROME

ment must depend upon supportive measures alone Today many of these patients
can be maintamned 1n good health by medical treatment and 1t 1s often safer to
treat them conservatively than to risk an attempt at a more radical cure Even
when surgery 1s considered to be possible 1t 1s essential to improse the general
conditton of the patient by medtcal treatment before laparotomy 1s carried out

Medical management

A scheme for the medical treatment of patients with the blind loop syndrome 1s
outlined in the Table [t should include the proviston of a high calone high

TABLE

THE MEDICAL TREATMENT OF THE BLIND LOOP SYNDROME

High calonie high protemn low faf diet
(Supplement with Figh protein nulk powder)

Whole B complex Beplex 1 teaspoonful 3 imes daily or Becosym 1 tablet 3 times
daily by mouth

Folie acd 20 milligrams daily by mouth

Vitamen By, 100 monthly by mjection

Ascorbic acid 50 muligrams datly by mouth

Vuiamin A 4 000 1nternational untts daily by mouth

Vitamin D 10 000 1nternationa) unuts datly by mouth

Vitamin k {Water soluble analogue) 10-20 mtlligrams daily by mouth

Iron Ferrous gluconate 5 grains 3 umes datly by mouth

Calcium Lactate or gluconate 15 grammes daily by mouth

Potassium Chlonde 2 grammes daiy by mouth

1 seo 0 1oth bo th bowlh Iifi tb te 12 d w th broadspectrum tbot
a dse ondly terodthe apy sho labe n €1 ted

protein low fat dret with full vitamuin and rmineral supplements Many cannot
tolerate large meals and the addition of a high protem milk powder such as
Casilan 4 ounces daily will provide useful calories and protein without much
tncrease 1 bulk  Multiple vitaiin defi are and this synd
provides one of the few rational indications for shot gun therapy Whole B
complex ascorbic acid and vitamins A D and K the latter in 2 water soluble form
may all be required In the presence of steatorrhoea 1n additton to the fat soluble
vitamuins supplements of calcium rron and potasstum must be given Calcum
to be effective must be used 1n much larger doses than are commonly required—
up to 20 grammes of calcium lactate or gluconate daily The large doses of calcium
salts not only meet the need for calctum but exert a beneficial effect 1n controlling
the action of the bowels 1f diarrhoea 1s troublesome In steatorrhoea also the
bulky stools may contain large quantities of potassium and 1t 1s necessary to give
additional potassium chloride or citrate to make up the foss

Adequate treatment for the anaermia plays an mmportant part 1n management
In recent years there has been a d to regard the 1 if e
anaemias as bewng due primanly to a defictency of folic actd rather than to lack
of vitamin By, It1struethatan Ilent h ! [ r may be ob
with folic acid but treatment with this vitamn alone is hazardous Recent work
indicates that these patients also suffer from a deficiency of vitamin By, (Evans
1956) which may lead to the devel of 1 gencration o!"
the cord if folic acid only 1s used Tron d: 15 and
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supplies of 1ron should be given in the form of a non irritating oral preparation
such as ferrous or by lar or it mjection
In severe cases when the function of the bowel 1s grossly disorgamized 1t may
prove necessary to give all the vitamins and drugs with the exception of potassium
by parenteral injection if a rapid remission 15 to be obtained
1n the acute stage of the sliness the use of a broad spectrum antibiotic (oxytetra
cychne 500 milligrams 6-hourly) may improve the general conditton of the patient
tly but the o d use of b can lead to the growth of a
ressstant flora within the lumen of the intestine and may have dangerous sequelae
Fmally n yat\:ms who faul to (:spond to other forms of treatment cortisone 300
or datly may exert a dramatic effect Un
fortunately here too if the undcrlymg disease 15 progressive the improvement 1s
likely to be only temporary Treatment with cortisone or its analogues requires
very careful supervtsion for under their nfluence major intra abdomunal catas
trophes such as perforation of the gut or the formation of abscesses within the
pentoneal cavity may be attended by remarkably few symptoms
Although 1n some patients the disease proves resistant to all forms of therapy
the majonity respond to treatment but even when a complete remission has been
achieved 1t 15 necessary to contimue treatment indefinitely 1f a relapse 1s to be
avoided

CONCLUSIONS

The blnd loop syndrome ts a rare candition but its importance lies in the fact
that although 1t may occur 1n the course of chromic disease of the bowel not
uncommonly 1t 1s the result of a surgical anastomosis All those who operate on
the ntestine should be aware of the danger of creating stagnant loaps of bowel
where bacteria may flourish and should limit such anastomoses below the stomach
to cases where the immediate hazard to the patient or the grave prognosis of the
underlying disease justifies the nsks involved If as1s often thecase thecreation of
a blind loop of bowel 1s the only course open to the surgeon knowledge of the
possible sequelze and the prompt of should unt. d symp-
toms arsse will do much to avert a serous outcome

As the dangers of producing stagnant loopsof intestine recetve wider recognitton
1t 1s probable that fewer cases of the blind loop syndrome will occur but in the
past studies of these patients have shed hght on the pathogeness of the megalo
blastic anaemias and have helped 1o increase our knowledge of the biosynthesis
of vitamtns n man
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CHAPTER 16
MASSIVE RESECTION OF THE SMALL INTESTINE
W P U JacksoN

Tris chapter is concerned almost solely with large resections of small bowel
because there are no after effects related directly to loss of smaller lengths Hay
mond (1935) ported out that 200 centimetres represents about one thurd of the
length of the small mtestine and was according to the experiments of Senn (1887)
the maximum amount of small bowel which could be removed with safety from
an adult patient Hence removal of more than 200 centimetres was termed

extensive or massive Since 1935 however it has become evident that much
targer amounts may be removed—at least from the metabolic standpoint It
would now seem more reasonable to consider as massive the resection of at
least two thirds of the small bowel (over 400 centimetres) If this 1s conceded
then only 38 of Haymond s 257 collected cases would qualify for consideration
and 1n only 4 of these was more than 600 centimetres removed

The chinical metabolic and anatomuc effects of really massive resections are
mmportant from the viewpomnt of the surgeon who with improving supportive
and anaesthetic techmiques 1s increasingly tempted to remove large tracts of
gangrenous gut Furthermore study of such cases 1s teaching us a good deal of
applied physiology of the small mtestine

LENGTH OF THE SMALL INTESTINE

1t has been suggested that 400 centrmetres of small gut 15 an important figure but
actually the length of the organ 1s so variable that the only valid cniterton with
regard to a patient s prognosis or future disability 1s the amount Jeft behind
There have been very many reports concerning the normal length of the small gut
but unfortunately the considerable lengthening which takes place after removal or
after the patient s death has not always been appreciated Thus Haymond added
together the findings at operation and autopsy of some 15 authors to make an
average of 21 feet 6 inches (657 centimetres) for 1 161 adults with a range of 10
feet (304 centimetres Bryant 1924) to 40 feet (1 216 centimetres Lamb 1924)

More recent measurements by Cleland (1944) and Underhull (1955) are essentially
stmilar Hiesch et al  however measured the small intestine duning normal life by
an mtubation techmique in 10 adults and found a mean length of only 261 centi

metres Raeburn and Brafield (1956) report two patients with small bowel lengths
of only 4} fect and 6 feet both of whom dted from hepatic cirrhoss

REASONS FOR RESECTION

In H d's coll the cause for resection of over 200 cents
metres was volvulus mcluding a particular varety known as Knotenbildung

and described 1n patients who lLived n the Baluc regions In this type a knot 1s
found which 1nvolves tleum and sigmoid flexure (Faltm 1906) Other common
causes were strangulated herria mesenteric thrombosis disease of the female
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MASSIVE RESECTION OF THE SMALL INTESTINE

pelvic region (espectally uterine perforation) tumour and other disorders of the
mesentery abdominal injuries 1ntestinal tuberculosis adhesions and bands

Perforation of the uterus with a curette especially at the time of crimnal
abortion damaged the mesentery and allowed prolapse of extenstve lengths of the
small gut Three of the four cases m Haymond s survey in which more than 600
centimetres were resected belonged to this group In none of the recent reports
has this particular 1nsult been described as the reason for resection In three other
cases the small intestine prolapsed through a sht i the mesentery and became
ncarcerated  Volvulus was found to be the worst risk from the point of view of
immediate mortality being 52 6 per cent in Haymond s seres

The commonest causes of really massive resection 1 recent years have been
mesenteric vascular occlusion and volvulus In a number of patients regional
tlettis has necessitated the operation a condition which probably masqueraded as

tuberculosis  at the ime of Haymond s review thus accounting for the sur
prsingly good results  with only 2 deaths in 16 cases of resection for tuber
culosts Lymphoma sarcoma and polyposis of the small mtestine are further
causes

HISTORICAL LANDMARKS

Haymeond (1935) believed that Koeberle n 1880 was the first to have a patient survive
following resection of over 200 centimetres of small intestine Senn (1887) was probably
the first to report systematic studies of the effects of experimental removal of lengths
of small intestine 1n animals
Three early resections of over 500 centimetres together with some follow up data
were described by Vitali (1903) Denk (1907 1911) and Axhausen (1909) Several other
early cases collections from the literature and results of resections mn animals were
reported but the publication of Flint (1912) was outstanding and combined a review
of 56 cases with his own expenences and with the results of his expenmental work on
dogs In the latter he observed a variability in response 1n that while some dogs might
hive quite normally after removal of 80 per cent of small gut others would never
really recover after only 60 per cent had been excised and would easily fall prey to any
mtercurrent upset He found a profuse diarrhoea and marked loss of weight immedtately
after the operation followed by a slow recovery until the ammal meght pass one stool
a day and even become constipated At this stage the fat and mtrogen lost in the stool
mught be as high as 75 per cent of the intake but a normal fat absorption could be
produced by reducing the amount 1n the diet Carbohydrates were perfectly normally
absorbed even if the intake were mcreased fourfold
Matthae: (1925) reported on a pattent who Inved tn good health for 11 years following
of 530 H: d s review (referred to above) surveys the litera
ture up to 1935 Subsequently there have been very many individual cases reported
1n which less and less small bowel has been left behind The limit has been reached
by Martinetal (1953) who removed the entire jeyunum and ileum following superior
mesenteric arterial obstrucuon The third part of the duodenum was anastomosed to
the transwverse colon and the patient a man aged 46 years lived for 316 days The most
detailed metabolic investigations following resection have been made by West et al
{1938) Todd etal (1940) Althausen etal (1949 1950) Jackson and Linder ((95laand b
1953 1955) and Linder et al (1953) The last named authors were able to follow one
patient* closely for 3} years after the loss of all but 7 inches of the jejunum and ileum
and to correlate the results of their study with autopsy findings
pefomdo mmappert h e ©
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EXTENT OF RESECTION

Several more recent workers have extirpated lengths of small intestine from expen
mental ammals usually dogs but the most outstanding reports have come from Den
mark (Petri et al 1942 Jensenws 1945)

EXTENT OF RESECTION

The early e seemed largely d n the problem of how much of
the small intestine may reasonably be resected Despite Senn s condemnation of
removal of more than one third 1t soon became evident that variable amounts
from 50 to 85 per cent could be resected from dogs with complete recovery and a
healthy hfe thereafter (Monan 1896 Erlanger and Hewlett 1901 Evans and
Bremizer 1907 Flint 1912 Wildegans 1925 Kunz and Molitor 1928 and
Jensemus 1945)

In man the vanability seems greater On the one hand there arc reports of
resection leaving as little as 18 inches of small mtestine followed by excellent
health (Meyer 1946 Berman et al 1947 Cogswell 1948) while the patient
reported by Croot (1952) for example was well 10 years after removal of all but
4-5 feet of small gut Jerauld s patient 1s reported well after 22 years (Weckesser
et al 1949) A man aged 70 years (Cattell 1945) had no 1ll effects from loss of
86 per cent of the small bowel On the other hand removal of 200 centimetres or
even less has in other cases been followed by a downhill course Thus the second
patient of Posey and Bargen (1948) did badly after a resection of only 90 centimetres
and one of Palmer (1914) had gross metabolic disturbances after 235 centimetres had
been removed A stmilar Jength was excised from another patient who died soon
afterwards 1n a state of mnamition (Haymond 1935)

On closer examination 1t becomes evident that all cases i which metabolic
deficiencies occurred after removal of less than one third of the small gut were
complicated by other factors and so cannot be mcluded tn a valid discussion of
the effects of resection per se This applies particularly to malignant neoplasms
mvolving the small intestine and to regional ententis (Crohn's disease) It 1s
apparently agreed that the fength of gut resected n a case of ileitss 1s of impartance
secondary to the possibity of continued spread of the disease to the rematning
bowel (kaefer and Arnold 1950 and the discussion following thewr paper) It 1s
less well realized that any case in which a by pass 1s fashwoned or a loop pocket
or pouch produced may suffer metabolic disturbance on account of this condition
entirely without relation to the length of intestine which may have been removed
from the normal food circutt For instance cases of madsertently formed gastro
1leostomy develop deficiencies not from loss of absorbing surface but from the
stagnating Joop Haymond s patient (referred to above) suffered the formation of
a 55 centumetee blind jeyunal loop as well as excston of 235 centimetres and it 15
most [ikely that the loop offers the key to the progressive deterioration It seems
to be the rule that resections of less than two thirds of the small bowel cause no
serious metabolic disturbance unless complicated by other progressive disease or by
a blind loop

Conclusion
One could therefore accept that resection of up to two thirds of small bowel
will almost certainly be compatible with good health thereafter providing there
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are no complicating factors amounts beyond this—up to resection of all but some
18 1nches of or 1k become ly dangerous, but not necessanily
disastrous Ifless than 18 inches are left death from inamitron 1s likely If resection
15 to be performed for enteritis it would seem best to err on the side of extensiveness
rather than the reverse (in order to prevent further spread) and not to fashion
by pass loops

It does not seem to make much difference whether the remamming portion of
small gut consists of jejunum orileum either 1 man or 1n experimental animals
(Berman et al 1947 Weckesser et al 1949 1951) although Jensentus (1945)
and kremen et al (1954) found that dogs withstood the loss of jeyunum better
than the loss of tleum Pietz (1956} has recently suggested that patients who have a
portion of lower ileum remaining do better than those with a more proximal
remnant of small bowel because of the importance of an ntact 1leo caecal valve

THE REMAINING GASTRO INTESTINAL TRACT
Tn man
The remamning small intestine 1 man typucally hypertrophies A second laparotomy
on a patient revealed dtlatation and atony (Barker 1905) and in a case reported by
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F16 83 —(a) Section of jejunum near cut end of the removed segment
(Toni) (1949) (b) section of jejunum near anastomosts from autopsy
specimen (1952) Same magmfication Thickenmg particularly of
muscular layer (as indicated) (B) courfesy of the Editor of § Afr J
chn Ser 1953)

West et al (1938) the small intestine was ditated and hypertrophted to the size of anormal
colon Althausenetal (1949)reported upona patient whose duodenumand 15centimetres
of Jejunum were d to the t colon 8 months after opera

tton difatation of the yejunum and coarsening of the mucosal pattern were seen In a
second case Althausen et al (1950} reported marked dilatation of the distal jejunum
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THE REMAINING GASTRO INTESTINAL TRACT

after resection of all but 2 feet of jejunum and ileum Lundberg (1920) found dilatation
of the rematrang small intestine 1n one of his patsents by radiography and assumed this
to indicate hypertrophy

Jn Tom autopsy revealed Jengthenmg of the free margin of the duodenum and

of rugae of the and of the 6 inches of jejunum The

muscle coat was twice as thick as that of the resected intestine {Fig 83) the remaming
fragment of leum was actually smaller than was believed to have been left at operation
and ! evidence of hy was lacking y and Pincus (1955)
reported the case of a fernale aged 23 years who was left with some 2} feet and the dia
‘meter of this remnant enlarged to three imes the normal Inno mstance was obstruction
a contisbutory factor

Among cases 1n men in which hypertrophy did not occur Denk s patient died of
manition 2} years after resection of 540 of small gut for
atrophy of the rematnung small mtestine was found Shonyo and Jackson (1950) Itke
wise reported no hypertrophy 1n their patient who survived for 1 year with only 4%
nches of small gut Shefton and Blaine (1954) reported simlarly in their Negro patient
who died 1 year after removal of all but 28 inches of small gut

In expenmental amimals

Since Senn s report 1n 1887 fairly numerous expenmental resections have been
made without striking unaninuty tn the morbid anatormicat results A review of this
work 15 given by Jensenus (1945)

Four out of stx dogs operated upon by Monan (1896) survived for over 1 year but
showed loss of weight absence of fat atrophy of the muscles and anaemuia The mucous
membrane of the remaiming intestine was twice as thick as that of control animals
the villi being larger and more numerous the circular muscle coat was thickened but
not the longitudinal

Fhint (1912) found particularly pertinent changes {(Fig 84) At autopsy 3-18 months
after the resection there was no lengthening of the small gut but a great increase in s
transverse dimensions and the wall appeared twice as thick as the wall of adjacent gut
removed at operation Inextensibility of the mesentery was held to explan the absence
of lengthening The wvill: were increased 1n $1ze but not 10 number Flint calculated that
by this mucosal hypertrophy a 30 per cent remarnder of gut would provide an epithehal
surface equal to that of the whole onginal intestine The muscle espectally the circular
coat was markedly thickened The stomach and the colon were not hypertrophied and
no changes in other organs were noted

Hypertrophy of the remaining gut was also found by Senn (1887) Nagano (1903)
Soyesima (1911 and Stassof (1914) Both Flint and Stassof noted more marked hyper
trophy tn the Jejunum than m the lleum simular to the findmgs in the case of Tom

On the other hand Trzebicky (1894) Wildegans (1975} and Jensentus (1945) did
not find any hypertrophy of remaining intestine Jensenius made 20 resections of this
fund and his observations appear to have been most thorough He was fully aware of
the difficulties to be expected

Evans and Brenizer (1907) found that resection of up 1o 50 per cent of the jejunum
and 1leum resulted in recovery with hypertrophy of the gut whereas resection of over
85 per cent resulted 1n death from inanition without evsdence of hypertrophy This may
well be the clue to the above discrepancies for there may be a limit to the amount of
intestine whlcgl can be removed and be followed by hypertrophy and this hmt may vary

rom o

The large inteste

The large bowel does not appear to take over any of the functions of the resected
small gut nor 1s any adaptie change i tustological appearance reported It 13 known
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that certain nutrients mainly sugar and probably amimo actds

Brezin and Oren 1954) can be absorbed through th{: colontc muco(slzh::gsxtes!c:rlns Iun}‘?c
likely that this function becomes useful mn cases of massive small bowe! resection In
the case of Toni the glucose tolerance curve was flag with a delayed rise and no exces
sive loss of carbohydrate was noted m the stool This suggested that the colon actively
absorbed sugar On the other hand patients who have undergone excision of the large

v
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" following masstve resection
?b - of the small intestne m
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A } J M and by courtesy of the
\ Edutor of Bull Johns Hopk
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bowel 1n addition to much of the small bowel appear to suffer no increased loss of
carbohydrate

Certanly the large bowel appears to increase its efficiency as a reservore tn that the
diarrhoea which always follows massive resection usually slowly diminishes until the
patient may actually have only a single bowel action daily Admittedly careful dietary
regime and reduced transit time through the rest of the gastro intestinal tract may also
help to reduce the diarthoea Secondary colitss has not been reported

The stomach
The stomach like the large bowe! cannot take over the function of the small intestine

In Tomt free hydrochloric acid was reduced and finally absent despite caffeine stimu
Jation pepsin remamed present Althausen et al (1949) cunously reported frec

hydrochlornc acid but no pepsin in one of therr patients
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THE FAECES

The transit time
The transit ttme has been stated to become lengthened mn certamn cases (second case

of Shelton and Blane 1954 experimental dogs of Clatworthy et al 1952 and of

Stassof 1914) In general however imjected matertal reaches the colon very quickly ~

1n the case of Tom the head of a barium meal was mn the caecum within 15 minutes

1n the patient reported by Brezin and Oren (1954) (12 inches of sejunum Jeft) 1t was in

mud-colon within § mmutes

THE FAECES

[he facces tend 1n time to become less flmd and less frequent though usually
Biarrhoea may readily be precipitated by mental upset or deetary ndiscretion
With a diminutton 1n number of stools their size may become enormous Tont s
ecord was the production of 5 litres m a single effort Early writers commented
1pon increased  putrefaction 1n the colon usually diagnosed by the presence of
ndican 1n the urine On the other hand Jackson and Linder (1951a) were struck
with the lack of odour of Toni s masstve pale stool and found an almost wml
absence of indole and skatol theremn S1x were cultured bacteriol
and none grew Proteus Aerobacter or Clostrdia
Reaction

Toni s faeces were always acid with a pH between 3 5 and 6 (Hawk et al 1947
gave figures of pH 7-7 5 for normal adult stool) Titration of samples to pH 74
showed that some 950 mllilitres of 0 1 N alkal: per day were necessary to neutra
lize 1t This loss of acid however was not sufficient to produce systemic alkalosis
The excessive acidity could be accounted for by absence of alkaline succus enterscus
reduetion of pancreatic secretion (see below) and free fatty acids excretion No
simular mmvestigations appear to have been reported by other authors

Fat proten and carbohydrate in the faeces are considered under the heading of
Intestinal Absorption on page 250

PHYSICAL STATUS

Loss of weight often gross and precipitous 1s to be expected following massive
resection even in patients who ultimately do very well Thus the second patient of
Jackson and Linder (1951b) reduced from 115 to 65 pounds following excision of
two thirds of the small gut She recovered a weight of 78 pounds 1n 10 weeks and
later was back at the pre aperatwe figure Montgomery and Pincus (1955) reported
on a patient who left with 23 feet gained 1n weight from 90 to 115 pounds despste
an intervemng pregnancy Even patients who do badly almost always start gasmng
weight after their first few weeks loss Tont (with 7 inches of small intestine)
dropped from 140t0 87 pounds and regained to 102 pounds the first patient of Shel
ton and Blaine (1954) dropped from 128 to 110 and then back to 118 pounds dying
after 1 year the second patient of Urnicchio et al (1954) with 6 inches remaining
from 150 to 73 pounds back to 99 pounds in 5 months

Apart from pure mamtion other secondary physical syndromes have been
comparatively infrequently reported—they include anaemia oedema avita
mnos:s B scurvy and tetany and are considered later 1n their appropriate secttons

MENTAL STATUS

Massive resections have several times led to changes in personality which are
remumiscent of those occurring m simple under nutrition or starvation as
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prisoner of war camps and 1n the experiments of Keys et al (1950) who reported
writability self mutilation and even hypomania 1n their volunteers A patrent of
Palmer (1914) developed a psychosis but his state 1s not reported n detail
Uricchio s second patient became apprehensive and combative and refused to eat
Martin s patient was demanding exacting and moody but only 1n the case of Ton:
1s the mental state analysed 1 detail (Berman 1951) Almost one year after his
operation this patient had four epileptiform fits These ushered m a psychosts
which consisted essentially of marked disturbances of affect with deep depression
and sutcrdal ideas bizarre behaviour with hallucinations and delusions largely of
a persecutory type He was being treated at this time for skin changes of a pel
lagrinous nature but parenteral mcotinic acid riboflavin aneunin pyndoxmn
and ascorbic acid 1 heroic doses had no effect on the mental state although the
¢ festations of defi y cleared up It mght be suggested that the
psychological changes were related to those which occur m children who suffer
from the protein malnutrition known as kwashiorkor but intravenous amino
acids although associated with a gain in werght did not amehorate the mental
disturbance

In experimental dogs Petri et al (1942) and Jensenus (1945) have described
gross degenerative changes in the entire central nervous system but there appears
to be no human counterpart to these findings after mtestinal resection Careful
post mortem examination of Tont s brain showed no obvious histological changes

INTESTINAL ABSORPTION AND DIRECT BIOCHEMICAL
EFFECTS OF ITS DEFICIENCY

Evidence can be presented for diminished absorption of all substances except
alcohol following massive resection Within a matter of weeks following the opera
tion however there 1s a tendency to improvement 1 absorptive capacity The
d of diarrhoea 1nd. 1mproved water absorption and the regaining
of weight shows that the absorption of total calories improves More exactly
Wildegans (1925) found considerable recovery m fat and nitrogen absorption 11
dogs while Althausen et al (1950) in two patients clearly demonstrated an1mprove
ment 1n absorption of sugars fats and amino acids using tolerance curve fech
mques It 1s interesting to note that mn a patient studied by Martin et al (1953)
whose jejunum and ileum were completely excised there was no recovery of weight
and a progressive dimmution of absorptive capacity for mtrogen to judge from the
data presented Regarding total calories Althausen et al (1949) reported on 2
patient who appeared capable of absorbing a maximum of 1 000 calorics 10 months
after removal of all but 10 inches of JeJunum Toni was able to absorb 1 800 calories
almost entwrely of carbohydrate origin
In general the lack of success with pre digested and synthetic diets and particu

larly the experiments of Althausen et al (1949) suggest that failure of absorption
after resection 1s far more important than 1s failure of digestion Reports frequently
remark upon a high degree of splitting of the faecal fats Nevertheless Tonis
stool always contained totally undigested food particles of all types

Fats and fat soluble vitamns
1t 15 generally agreed that the absorption of fats 15 the most impared Tont s
worst performance was the tbsorption of only 5 per cent of the intake Fat
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balance studies 1n other patients umformly indicate defective absorption Even the
patient referred to by Jackson and Linder (1951b) with some 6 feet of small gut
rematning lost 10 per cent of her small intake of 40 grammes Fat and butter toter
ance curves provide similar evidence showing little or 0o nise i the plasma Jevel
after large oral feeds (Jackson and Linder 1951a Althausen et al 1950)

The serum carotn and vitamm A are markedly low (Althausen et al 1949
Jackson and Linder 1951a) and the vitanun A tolerance cune 1s flat although
Tom s absorption of this vitamun appeared considerably better than that of
Althausen s patient No report of spectfic climcal evidence of vitamm A deficiency
‘has been found

Prolongation of prothrombin time has been reported (Althausen et al 1949)
and was taken to indicate a gross defictency i vitamun K absorption

Tt 15 difficult to assess the efficiency of vitamm D absorption smce 1ts require
ments are 1n any case small 1n the adult and vary according to the available sun
light Osteomalacia does not appear to have occurred even 1n the case quoted by
Montgomery and Pincus (1955} who withstood two pregnancies Tom s serum
phosphorus was markedly depressed and radsographs of hus femur showed some
decaleification after 3 years but wade osteoid seams were not remarked upon at
autopsy

It 1s generally assumed that restriction of fat intake 1s beneficial from the pomt
of view of general absorption Actually there 1s little direct evidence for this
The figures given by West et al (1938) do not show any mmprovement m absorp
tion of fat and of other foodstuffs on reducing the fat intake On the other hand
the metabolic balance data of Jackson and Linder (1951a) 1n their patient Tom
demonstrate a distinct advantage from reducing the fat intake from some 170
grammes(which was his natural choice) to some 40 grammes The total fat absorbed
remained the same  the percentage fat absorption trebled The nitrogen absorption
rose over 10 per cent (from 30 to 40 per cent) and the total calories absorbed rose
from some 1 600 to nearly 1 800 The percentage utilization of the caloric intake
rose from 45 to 73 per cent On the other hand Nocker (1955) claims that s
patient s percentage absorption of fat actually improved on a high fat mtake
Bothe et al (1954) also reported a patient who appeared to mmprove

B of serum chol are not often recorded but 1 several cases
were definitely low (78 milligrams per 100 mullilitres 1n Tom n whom a seral fall
was demonstrated 100 mulligrams n the patient of Martin et al  1953)

Protem

‘These 15 general agreement that absorption of mirogen 1s impaired 1n the more
massive resectrons but to a lesser extent than that of fat Toni was able to absorb
only some 40 per cent of his ingested protein which put him very near the border
line of protemn under nutrition per se (Lestch and Duckworth 1937) Other re
ported cases have done better than this except that of Berman {1951) and Martin
etal (1953

Metabolic balance studies frequently show the patient to be 1 balance for
nitrogen or even actively retaming it (corresponding to the period of weght
gam) It must be pointed out however that mtrogen balance does not mesn
mitrogen sufficiency and mitrogen retention may actually be a measure of tissue
avidity resulting from chronic protem deficiency (Peters 1948)
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Perhaps because the defect 1n mitrogen absorption 15 only of moderate degree
the plasma protein level 1s not usually reduced after resection In fact low plasma
protemn has been found only terminally and only n cases of the most massie
resection when oedema may also appear (Martin et al 1953 the first patient of
Weckesser et al 1949 Linder et al 1953)

Creatinuria hugh serum creatine and low co efficient (mll of
uninary creatimine per kilogram per day) have been found (Tons) indicating
abnormahity of muscle metabolism and generally dimmished muscle mass (Hunter
1928)

Carbohydrate

It 15 usually stated that carbohydrate absorption 1s virtually complete a state
ment which appears to be at vartance with the marked flattening of oral glucose
tolerance curves as described by Althausen et al (1949 1950) Kositchek and
Rabwin (1950) Christensen et al (1950) and Jackson and Linder (1951a) Althau
sen claims that increased bacterial fermentation in the colon may render the
unabsorbed carbohydrates undetectable by ordmary methods and so suggests
that a lack of carbohydrate in the stool 1s of no value 1n indicating full absorption
Certainly some bacterta are capable of forming tnglycerides from carbohydrates
in the colon an effect which would increase the apparent loss of fat 1n the stool
and d the loss of carbohyd: In any event there can be no doubt that
the more severely deprived patients depend almost entirely upon carbohydrate
for their calories and 1t 1s fortunate that these are absorbed with comparative ease

Calcium and phosphorus

Althausen et al (1949) and Jackson and Linder (1951a)found persistent moderate
negative calcium balance in their patients though in both nstances the serum
calctum remamed normal and tetany did not occur It 1s often stated that Jow
serum calcium and tetany are d of the post resection state
but this 1s not borne out on careful exammation of the hiterature In patients
where resection was not complicated by other factors hypocalcaemic tetany 1s
rarely reported (West et al 1938 Cosh 1944 Shelton and Blane 1954) In the
case reported by Weckesser et al (1949) there was a terminal drop in serum cal
cium while Palmer (1914) reported on the occurrence of tetany in the post operative
period but later a positve calcium balance was found Althausen et al (1950)
found that tetany was a temporary phenomenon n their first case Pmcus (1951)
reported that tetany did not occur 1n his patient even during her two pregnancies
Althausen et al (1949) suggest that West's patient lost excessive amounts of
calcium because of the high fat diet he mnsisted on taking

The serum phosphorus 1s not usually affected 1n Toni 1t was low at one stage
normal termimnally 1n this patient the alkaline phosphatase level also dropped
as 1t often does 1n pure under nutrition

Potassium sodium, and chioride
E faecal loss of sodium and chloride has been found (Jackson
and Linder 195la Spencer et al 1953) and low serum potassium reported
(Linder et al 1953 Rawson 1953 Shelton and Blame 1954) Rawson compares
this with the hypokalaemia of starvation (Howard 1946) Jackson and Linder
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OTHER EFFECTS

found also a very high urmary excretion of chlonde in Tomt agamn remuniscent
of pure under nutrition (keys ¢t al 1950) It 15 interesting to note that Tom
developed a greatly increased desire for salt which perhaps compensated for his
excessive total excretory loss of some 18 grammes a day

B vitamins

Thianune
Vitamin B, defictency has not been reported and Althausen et al (1949) found a
normal blood thiamine chlonde level

Pellagra

Pellagra seems to be rare but 1t occurred sn Tont and 1n the case reported by
Martinet al (1953) Tom also exhubited angular stomatosis hyperkeratosis and
glossitis and these fe ded very slowly to parenteral
vitamin B therapy

Vitamin C

Scurvy (Nocker 1955) appears to be a rare complication of resection although
Althausen et al (1949) and Jackson and Linder (1951a) found low or absent plasma
ascorbic acid and grossly depressed absorption of this vitamin These authors
remark that this 1s interesting 1n view of the chemucal simplicity of this water
soluble compound and the ease with which 1t 1s usvally beleved to be absorbed

Aleohol

Jackson and Linder (1951a) found that Tom s absorption of the alcohol contained
1n 4 ounces of brandy was normal as judged by the blood levels achieved No
other similar reports are available

OTHER EFFECTS

Basal metabolc rate

Very low basal metabolic rates have been found after resection (Jackson and
Linder 1951a (in Tom) Martin et al 1953} It 1s easy to consider a reduction 1n
the basal bolic rate as a measure for the conservation of
energy and the same phenomenon 15 found m pure under nutrition (Lusk 1921)
However as Keys and Brozek (1953) point out the great reduction 1n  active
body mass (especially muscle) which occurs m these circumstances renders the
ordinary method of correction of the basal metabolic rate quite inaccurate

Blood vascular state

Hj potension

Hypotension has been noted 1n a few of the most massive resecttons (Althausen
ctal 1949 Martinetal 1953) while Ton: s electrocardiographic deflections were
of low voltage

The heart muscle at autopsy has shown atrophy increased connective tissue
and vacuolation of cells
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Blood volume

The circulating blood volume measured by the Evans blue dye test was found
to be greatly reduced in the patient observed by Brezin and Oren (1954) but was
actually high in Tom

Anaemia

Anaemia despite many statements to the contrary 18 not a common nor a
sigmificant finding after massive resection In most reported cases the haemoglobin
1s normal though a hypochromic anaemia of moderate degree may be a late or
termmal finding (Weckesser et al 1949 Martin et al 1953 Linder et al 1953)
Marked anaemea 1s a well known occurrence after the formation of loops or
strictures 1 the small gut when 1t 15 often macrocytic and megaloblastic (Barker
and Hummel 1939 Watson et al 1948) and 1t 15 evident that many authors have
not dist; hed between 1 resection and mtestinal exclusion or loop
formation Despite a considerable amount of work on the subject megaloblastic
anaema has never been shown to follow chnical or experimental small bowel
resection (Miller and Rhoads 1937 Petriet al 1942 Jensemus 1945 Weckesser
etal 1951)

Krevans et al (1956) however demonstrated a gross diminution 1n 2bsorption
of #Co labelled vitamin B,, by the Schilling technique n two cases of masstve
resection so that the develop of megaloblastic 1n such patients would
appear to be merely a question of time Nevertheless 1n the few reported cases
with 10 or more years post operative follow up anaemia has not been a feature
(for example Matthaer 1925 Jerauld and Washburn (1929) whose patrent was
well after 22 years Jackson and Linder 195Ib Croot 1952) It seems plain that
there 15 some additional factor bestdes time to account for the facility with which

pernicious anaemia  develops in loop and stricture cases and 1ts ranty followng
resections

Iron deficiency

The serum wron level was normal 1n Tom Indeed pure 1ron deficiency from
nutntional lick would seem unhikely 1n a male Furthermore it 15 probable that
1ron 15 absorbed largely by the duodenum (Cartwright 1947)

Water metaholism

The ability to absorb water appears usually to increase with time as the stools
become less fluid and less frequent Little work has been reported on other aspects
of water metabolism Tom was able to absorb water but could not produce a water
diurests despite a considerable increase n the extraceliufar flud space as measured
by the thiocyanate method Intravenous fluids hikewise fatled to cause a diuresis
furthermore Tom consistently mamtained a relatnve nocturnal diuresss All these
features are charactenstic of severe simple under nutrition as was seen 1 prisoner
of war camps (McCance 1951) Partial ad tical dep oran
production of piturtary antidiuretc factor (Gopalan 1950) may have played a part

Renal function
No reports have been seen which give chimcal or histological evidence of renal
damage The glomerular filtration rate was greatly dimnished 1 Tom but this
may be explained by the very low protem absorption (Goldnng et 2l  1934)
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Pancreatic function

Jackson and Linder (1951a) found by duodenal intubation studies that Tont
duveloped deficiency of exocrine function with poor production of alkalt and
enzymes This was later confirmed at autopsy (Linder et al 1953) when gross
pancreatic atrophy and connective hssue replacement were found {Fig 85) 1t
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Fic 85 -—(a) Pancreas showing gross atrophy with increase of loose con
nective tissue  Parenchymatous celfs are smali (fow power) (5) showing
mspissated secretion lying 1n a duct (ugh power) Figs 85 and 86 1llus
trate tissues removed at autopsy from case whose intestme 1s lustrated
m Fig 83 (after 3} years with 6-7 inches of Jejunum and 1leum) (By
courtesy of the Editor of Metabolism )

was considered that this was caused by the combined eflects of dietary insufficiency
especially with regard to protein and lack of the pancreas stimulating hormones
secretin and pancreozymin

It 15 unfortunate that no other studies of pancreatic function following intestinal
resection have been made since the changes mentioned above resemble so closely
those found m infantde malnutrition and kwashiorkor (Davies 1948 Waterlow
1948 Veghely: 1950 Jackson and Linder 1953)

Hepatic function

There 15 hittle to be found concerning hepatic changes after ntestmal resec
tion although prolonged under nutrition especially with the very high effective
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carbohydrate preponderance (Best et al  1949) would be expected to cause at Jeast
fatty damage Expenimental dogs have shown no conststent changes while hepatic
function tests 1n patients have largely been normal At autopsy Tomi (34 years
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Fi6 86 —(a) Liver showing marked fatty change {low power) () show
g fat bile thrombi (arrow) and stippling of cells due to haemosidern
(high power)

after his resection) had a grossly fatty and atrophic hiver (Fig 86) while Martin
et al (1953) report a hepatic atrophy wrthout a fatty mfiltration in their patient

Endocrine fonction

Putuitary body

Depression of pituitary function 1s indicated by the low urinary gonadotropins in
the case reported by Martin etal (1953) and may account for amenorrhoea (Pincus
1951) and the possible adrenal hypofunction (hypotenston and salt abnormalities)
lowered basal metabolic rate and sexual deficiency

Sex function

Tom gradually lost his ibido erections ceased 17 ketosteroids were low {as in
Martins patient) and at autopsy there was virtually no spermatogenesis {see
Petri et al  1942) Secondary sexual characters were not affected

The endocrine status 1s compatible with that found in simple under nutntion
£ross deficiency does not occur Two pregnancies have been reported i a woman
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who had only 24 feet of small intestine during which there was actually an 1m
provement 1n her physical state (Montgomery and Pincus 1955)

TYPE OF DEFICIENCY SYNDROME PRODUCED

Bennett and Hardwick (1940) introduced the term jejuno ileal insufliciency  to
cover the sprue like syndrome produced by vanous diseases affecting the small gut
which would mclude that caused by the production of loops exclusions or by
passes There are many reasons for believing that the symptoms which arise are
ot caused by simple loss of intestinal absorptive capacity (Jackson and Linder
195tb 1955) Stmple loss of small bowel by operative removal does not produce
this Jquno xle;d msuﬂ‘cxency state as can be seen by the rarty with which
aemia hy tetany and hyp develop

Lack of undemandmg of thts principle has led to the consideration of symptoms
being due to resection which were far more likely caused by the presence of a
stagnating loop (Haymond 1935 Mayer and Cnep 1949 Bergand Freuger 1955)

In fact massive resection ch 1sticall of under
nutntion with special adaptation closely allied to pure slanahon In summary
this may be evidenced by the followng changes

(1} Rapid reduction 1n weight particularly muscle

(2) Fall o basal metabolic rate and n blood pressure

(3) Loss of libtdo low 17 ketosteroid excretion and testicular atrophy Prtuitary
and () adrenal hypofunction Amenorrhoea

(4) Increased desire for salt (excessive salt loss 1n stool and unne)

{5) Mamtenance of serum caleum and phosphorus (? by dramming body stores)
? Increased avidity of bones for calcium (Spencer at al  1953)

© D of protemn (low low blood urea
low unnary nitrogen)
7 of

and muscle of small bowel

(8) Ability of colon to accommodate large stoo]l masses ? Increased absorption of
sugar and amino acids by the colon (Althausen et al 1949 Brezin and Oren 1954)

(9) ? Delayed transit time in gastro intestinal tract

Less helpful features but also charactenistic of simple under nutrition are as
follows
(10) Vitanun deficiencies low blood vitamin levels
(11) Mild hypochromue anaemia
{12) Psychological deterioratton
(13) Increased extracellular flnd space terminal low plasma protemn and oedema.
(14) Nocturnal polyuria and mability to produce a water druresss
1n stool and ? urmne)
(16) Hypocholesterolaemua (2 reduces liability to atheroma)
{17) Depressed glomerular filtration rate
(18) Pancreatic exocrine farfure and tendency to hver atrophy

MANAGEMENT AFTER MASSIVE RESECTION

Diet

It would seem best to reduce the daily fat intake to 3040 grammes Frequent

small meals of high protem and high-calorsc content should be taken It s doubtful
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whether there 15 any value 1n ordering special easily digested foods while syn
thetic diets including ammo acids pure sugar and cream have proved unhelpful
High roughage foods and stewed frurt should be avoided An enormous intake of
milk together with much cheese and butter (also kaomagna paregonc and
metamucil) apparently helped to produce a gain 1 weight 1n 2 patient left with 21
centrmetres of small gut (Botheet al 1954) So successful in forcing mn calcium was
this regrme that the patient developed a staghorn renal calculus Papain 1s recom
mended by Pietz (1956)

Supplementary vitamns
Added vitammns 1 high dosage are plamly ndicated but in the more severe

cases they may need to be given parenterally It 1s probably advisable to supple
ment the 1ron and calcium intake also
Intravenous supplements

Amino acids may be distinctly useful in producing a small gamn m werght but
the real need would appear to be for intravenous fat  boosters when this product
becomes available Tween 80 an emulsifying agent has not been found helpful
1n promoting fat absorption (Chrstensen et al 1950 Shelton and Blame 1954
and the discussion folfowing)

Constipating agents

Optum bismuth Pectocel paregoric chalk and the intestinal movement
dampers such as Banthine may be tried particularly to control the diarrhoea
A patient with no small intestine produced a single stool daily while under the
nfluence of 50 mulligrams of Banthine six hourly (Martin et al 1953) Expen
mentally vagotomy performed soon after the resection increased the fat absorption
(Weckesser et al 1951}

Testosterone
Testosterone was employed successfully by Pincus (1951) whose patient started
on the propionate and was eventually d on only 5 mill of methyl

testosterone a day Nitrogen retention was rapidly produced with later merease
1n weight serum albumin cholesterol and fasting blood sugar Normal menstrua
tion was re established a dimmnution 1n stool output was a corcomutant feature
and one may wonder whether this was not perhaps the most important factor in
the improvement

INTESTINAL RESECTION IN SPECIAL CIRCUMSTANCES

Comphcations due to partial gastrectomy

Several patients have been described who suffered partial gastrectomy followed
by massive resection (Rawson 1953 Weckesseretal 1949 Croot 1952 Johnston
and Reagan 1952 Shelton and Blame 1954) Although death occurred after &
few months m three of them 1t 15 dufficult to say whether the added loss of the
stomach was m any way responsible

Resection during active growth

There have been few reported instances of massive resectton in childhood when
1t 15 more likely to be necessitated by ntussusception torsion around persistent
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ducts or duplication with torsion (Benson and Sharp 1950) At least 3 patients
have done well (Blayney 1901 Flint 1912 Ruggi quoted by Jensenius 1945)
Flint (1912) and later Petn et al (1942) found that young puppies did poorly
On the other hand Clatworthy et al {1952) specially myestigated this subject and
claimed that young dogs did well and grew satisfactonly even after removal of
80 per cent of the small bowel

Complications due to pregnancy
Montgomery and Pincus (1955) reported a patient who actually improved
during each of 2 pregnancies No other simular case has been found

Correction of obesity

Hennkson performed small bowel exciston to correct obesity but was unable
to control the amount of weight lost Following this Kremen etal {1954) excluded
great lengths of jejunum and sleum with the idea of replacing segments if necessary
Knowledge of the loop syndrome would ndicate the great danger of such a proce
dure

In treatment of ascites caused by porta! hypertension

Resection of large teacts of small gut would considerably dimintsh the size of
the portal vascular bed and so acting stmilarly to a porto-caval shunt might
reduce the tendency to ascites 1n cases of portal hypertenston Success has been
reported to have followed the operation 1o a patient of Fuller et al (1937) and 1n
expenimental dogs (Bernhard et al  1953)

RESECTION OF LARGE INTESTINE ONLY

Metchnikofi (1903) believed that the colon was the enemy of mankind—a sump
full of mquitous absorbable digestive products Lane (1908 1913) acting on such
a belief used to resect this organ for cases of severe constipation There was a
! tive and post tne mortality ( b 1913) but the

remarnng patients seemed little the worse for their loss Hurst (1919) feared that
such persons would suffer more sertously from poisons like lead and from uraemia
since the colon can excrete lead and some of the metabolites which accumulate 1n
the blood i renal falure Hurst also beheved that people after colectomy were
excessively sensitive to morphine  none of these suggestions appears to have been
substantiated

The most obvious function of the large bowel 15 its action as 2 reservorr for
faeces whtch during thewr sojourn in this chamber lose water and become firmer
and more malleable and so able to appear as the famuliar sausage shaped excreta
It 1s therefore to be expected that a degree of looseness of the bowels wall follow
colectomy This was apparently not seen after the operation for constrpation  but
softish motrons 3-4 times a day are usual after colectomy 1n other cases (Lock
hart Mummery 1923) After some years however bowel actions may become
quite normal—a fact probably related to an interesting observation by Keith
(1915) that the small gut shortens and dilates after a colectomy and eventually
comes to resemble the large bowe)

It 15 interesting to contrast our first patient Tom: with our second patient
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whether there 15 any value 1n ordering special easily digested foods while syn

thetic diets including amino acids pure sugar and cream have proved unhelpful

High roughage foods and stewed fruit should be avoided An enormous mtake of
milk together with much cheese and butter (also kaomagna paregoric and
metamucil) apparently helped to produce a gamn 1n weight 1n a patent left with 21
centimetres of small gut (Bothe et al 1954) So successful in foreing 1n calcium was
this regime that the patient developed a staghorn renal calculus Papain 1s recom

mended by Pietz (1956)

Supplementary vitamuns
Added vitamms mn high dosage are plainly indicated but mn the more severe

cases they may need to be given parenterally It 1s probably advisable to supple
ment the iron and caleium intake also
Intravenous supplements

Amino acids may be distinctly useful in producing a small gain m weight but
the real need would appear to be for intravenous fat boosters when this product
becomes available Tween 80 an emulsifying agent has not been found helpful
1n promotimg fat absorption (Chnstensen et al 1950 Shelton and Blame 1954
and the discussion following)

Constipating agents

Opmaum  bismuth Pectocel paregoric chalk and the intestinal movement
dampers such as Banthine may be tried particularly to control the diarrhoea
A patient with no small intestine produced a single stool daily while under the
influence of 50 mulligrams of Banthine six hourly (Martin et al  1953) Expert
mentally vagotomy performed soon after the resection increased the fatabsorption
(Weckesser et al  1951)

Testosterone
Testosterone was employed successfully by Pmcus (1951) whose pattent started
on the pr and was tually d on only 5 milhigrams of methyl

testosterone a day Nitrogen retention was rapidly produced with later increase
1n weight serum albumin cholesterol and fasting blood sugar Normal menstrua
tion was re estabhished a dimmution n stool output was a concomitant feature
and one may wonder whether this was not perhaps the most important factor in
the improvement

INTESTINAL RESECTION IN SPECIAL CIRCUMSTANCES

Comp due to partral y

Several patients have been described who suffered partial gastrectomy followed
by massive resection (Rawson 1953 Weckesser et al 1949 Croot 1952 Johnston
and Reagan 1952 Shelton and Blane 1954) Although death occurred after a
few months m three of them 1t 15 difficult to say whether the added Joss of the
stomach was 1n any way responsible

Resection duning active growth
There have been few reported of masstve m childhood when
1t 15 more likely to be necessitated by intussusception torston around persistent
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MASSIVE RESECTION OF THE SMALL INTESTINE

Miss B T (Jackson and Linder 1951b) Tomi whose large bowel was intact
usually produced but one stool a day despite the loss of his small gut albeit a
stool of elephantuine proportions, whereas Miss B T with no nutntional dis
turbances from her small plus large mtestinal resection had 4-5 bowel actions
daily The more frequent passage of softer stools would appear to be the only
physiologtcal effect of large bowel resection
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that the permanent presence of foreign particulate substances may create an area
of cedema with subsequent fibrosis

The two types of experiment are more mutually supportive than they are antago
mistic for such particles after ingestion by the intestine may find their way into the
Iymphatic vessels and become arrested tn the nodes The obstructive influence
of the reaction they cause would tend to hamper resolution of the swollen intestine
even if 1t could not be held as the prmary cause of the disease

1t 1s pertinent to comment that certain brands of tubed tooth paste on sale at
the present time contain silica or talcum powder or other stmilar substances
and that a number of young teenagers found to have Crohn s disease prove to
be lavish tooth paste users

Tuberculoss and sarcord

The theory that Crohn s disease 1s of a tuberculous nature seems to be disproved
by two factors (1) caseatton does not occur either in the thickened 1ntestinat wall
nor 1n the swollen lymph nodes and (2) the presence of the tuberculosis bacillus
cannot be demonstrated

Frank tubercutous enteritis 1n which the ileum has the appearance at operation
of the ileum 1n Crohns disease may however occur (Fig 87) Furthermore
there 15 2 very close clintcal association between phthisis and granulomas of the
caecum in which the morbid anatomy 1s rdentical with that of Crohn s disease
It would be unwise therefore to deny the possibility that the disease may in some
cases be an unusual manifestation of tuberculosis

The sarcoid theory (Hadfield 1939) may now be discounted because despite
observations carried out over pertods of 10 years and more thereis no evidence that
generalized sarcoidosis ever develops 1n patients known to be suffeing from
Crohn s disease and negative results to the Kverm skin test for sarcotdosis have
been reported (Crohn and Janowitz 1954)

Acute reitts

It 1s very doubtful if acute 1leitss 1s a related disorder though 1t 1s fully recog
nized that the stage of onset of Crohn s disease may be extremely short rapidly
developing mnto an acute abd, i} d for which expl 'y operation
1s often performed on a diagnosis of acute appendicitis with abscess formation
There 1s little evidence that acute mesentersc adenitis assocrated with a  pink
termtnal 1leum—sometimes found 1n infants and young children at 6peration for

d app an cause

Social status race and famihal predisposition

There 15 ittle evidence that the incidence of Crohn s disease 1s related to social
status and apart from a suggestion that Jews may be more hable than Gentiles
no marked ractal predisposition has been established

Many examples of the disease occurning tn members of the same fanuly suggest

the p of genetic or d {Heard and John 1956)
The authors patients have included female twins aged 27 years and 30 years.
respectively at operation and two brothers aged 22 and 28 years at operation
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CHAPTER 17
CROHN’S DISEASE AND RELATED CONDITIONS

HaroLp C EDWARDS

Introduction

THeterm Croha sdisease s used to denote a non specific mflammatory condition
affecting the terminal 1leum and ceasing at the 1leo caecal valve Pathological
states of similar morbid anatomy occurring 1n other parts of the ahimentary tract
are treated wnder the heading of related conditions The reason for this somewhat
arbttrary grouping ts that Crohn s disease as thus mterpreted 1s a distinct clinical
entity

CROHN S DISEASE
Aetiology

Foreign bod) ingestion and hymphatic obstruction
Changes 1n the termtnal illeum 1dentical with those of Crohn s disease have been
produced m ammals by feeding them on various particulate substances or by
caustng obstruction to the lymphatic vessels by interference with the appropnate
lymphatic nodes Chess et al (1950) by feeding dogs on talcum powder and finely
divided sand and rats on sand for a sufficient pertod of ttme and tn sufficient
quantity were able to produce the changes not only m the terminal dleum but also
in the related mesenteric lymph nodes

The attempt to produce the disease by blocking the lymphatic drainage of the
bowe] was made because the intense lymphatic pedema 1n the submucosa of the
affected 1leum which may be an early feature of the disease suggested that
lymphatic obstruction may be the primary cause and ulceration and subsequent
fibrosis secondary to1t 1n other words that the disease 1s a primary affection of
the mesenteric lymph nodes 1n the 1leo caecal angle The concept 1s supported by
the macroscoprc changes 1n the ntestmal wall being often sharply demarcated
The occastonal finding of a short length of unaffected bowel n the mtddle of the
diseased area would also agree well with the concept

The method adopted by Reichert and Mathes (1936} was to nject substances
such as silica bismuth oxychlonde rose aniline dye and sodwm morrhuate
alone orin n mto the and serosal lympkh In some of the
ammals a culture of Bacillus coli was admunsstered ntravenously 3 hours before
imection of the sclerosing agent and 1t was noted that the bowel changes were
more marked 1n the amimals so treated

A weakness of this otherwise plaustble theory 1s that the lymphatic glands are
not always 1nvolved to any serious degree in Crohn s disease particularly tn the
mare chronic and fibrotic type occurring 1n older people Zetzel (1956) considered
that a further reason for not accepting the theory 1s that in acute lymphademtis
the small mntestine 1s only rarely mvolved

Nevertheless both types of expertment produce such an impressisely faithful
pathologtcal rephca that therr implication ments careful examinaion Both show
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dormant for many years and has been known to recur 20 years after an apparent
cure by operation The disease may resolve completely mats early stages or with
a legacy of permanent fibrotic change 1n the bowel which 1s not ncompatible
with good health Finally 1ts course miy be profoundly influenced by emotional
stress

Great emphasis 15 placed upon the importance of the early recogmition of the
disease 1n the young subject for appropriate medical care may thwart the tendency
to rrreversible changes in the bowel wall and will 1n any case do much to slow
down the progress of the disease

It 15 convenient to describe three climeal phases (1) onset (2) physical signs
and (3) complications Since diagnoss from physical signs and complications 15 a
simple matter attentron 1s focused upon the mode of onset Despite the vaganes of
the disease and its insidious nature a climeal pattern becomes discerntble after
study of the early history of a series of patients

Phase of onset
An adolescent or young adult of slight build alert mind sensitive nature and
active habits starts to suffer mild abdomunal discomfort associated with an
creasing tendency to diarrhoea The appetite becomes impaired there 1s perhaps
a shight loss of weight and 1n female patients the menses may become scant or
rregular
The patient tires eastly suffers from bouts of depression and powers of con
centration become dimimshed Apart from a minor degree of anaerua and
perhaps a raised crylhmcylc s:d:mcnlatwn rate with a shght rise 1n temperature
| e 1s negative There1s some danger
at this stage that nervous dyspepsia wnll be dragnosed and the patent subsequently
be treated solely by psychiatric means or that the patient be submitted fo opera
t1on with a diagnosts of grumbling appendix Such an undertaking s not necessartly
harmful provided the surgeon 1s alive to the danger of appendicectomy for st wall
provide a posittve dmgnos:s parlxcularly if a lymphzmc gland 1s removed for
1 findings may precede
the nppenrance of physical signs In themselves they pass unnoticed but taken in
conjunction with a history as described are to be regarded as stgnificant
Such a march of events 1s of course by no means the rule In some patients
particularly amongst the later age groups the disease process may be associated
solely with a fibrosis within the terminalileum with the development over a number
of months of symptoms and signs of chronic ebstruction or partrcularly 1n young
subjects 1t may be a very acute process from the start a severe illness developing
with great rapidity The first sign 1n 3 of the author s patients was acute 1leus
At any stage of the disease including the phase of onset an acute peri anal abscess
may develop leading to fistula (page 267) as was noted 1a the case histories of 6
patients of ages | rangmg betwecn 21 and 26 years before the diagnosis of Crohn s
disease was with a hustory of dtarrhoea
1 young people should (hcrcfore be regarded as an tmportant potnter to diagnosts
The abscess 1s probably due to infectron in the crypts of Morgagni and 1s assoctated
with the frequency of stool According to Crohn the significance of pert anal
abscesses and fistulas has not been He exp: the
opimon that  suppurative pen anal fistulas n the presence of diarrhoea indicate
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Personality

Crocket (1952) believes 1n the existence of a personality factor His shetch of
personality emphasizes the possesston of virtuons qualities~—sensitivity intelly
gence high moral principles co operatton coutage to which may be added

Fi6 87 —Primary tuberculo
sts of the small intestine in a
male aged 34 years (autopsy
spectmen) Emaciated with
high pyrexta ascites cedema
of legs and finger clubbing
Laparotomy 18747 5 feet
of 1leum mvolved Short
crreut no  improvement
Patient ded 8947 from
massive pulmonary embo
lism Histology showed gran
ulation tissue in the wall of
the bowel with caseation
and  subserosal muliary
tubercles Mesenteric glands
enlarged but not caseating
Tuberculous nature con
firmed by gumeapig in
oculation

patience and loyalty Crocket was not so convinced as to the positive part that
may be played by emottonal stress but all clintcians will be able to quote 1nstances
from their own case books 1n which severe emotional experiences appear to have
provoked the disease and others 1n wiich pre exsting disease has been aggravated

thereby

Clinical features and diagnosts

Crohn s disease vanes greatly in 1ts clinical mamfestations It may present 10
the form of an nsidious fibrotic process without gross lymphadenord change or
1t may develop rapidly with emphasts chuefly on mucosal changes accompanted
by great swelling of the lymphattc nodes and causing an acute febrile illness Its
pehaviour follows no formal pattern It may progress continuously and with
sncreasing momentum  or fitfully with periods of relative quiescence It may he
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continue so for weeks Occastonally 1t may reach an even higher level In one such
case 1t pursued an unusual course suddenly falling to normal for no accountable
reason at a time when a surgical procedure was contemplated

Phase of complications

Symptoms of intermuttent chronic obstruction may predominate particularly
1n older patients or late 1n the course of the disease and be associated with visible
penstalsis Surgical relief 1s required There should be no urgency about operating
for the milder symptoms of obstruction assoctated 1n younger peaple during the
second phase for attacks 1n such cases may subside dunng conservative tre itment
1t has been found by experience however that if the symptoms of obstruction
are at all marked during this stage surgery will eventually be needed Occasionally
the patient may develop obvious acute obstruction which should be treated in the
first instance by It 15 to be cond d

Fistula —The mechanism of fistula formation 1s not clear 1t1s not due to abscess
formation as indnverticulitts but 1s mote probably due to lysis of the sodden ileal
wall and spread of the process to an adherent operation scar or to a neighbouring
hollow organ

External abdonnal fistulas may be single or multiple and were noted mn 12
of a senies of 51 patients This figuce exceeds the usual incidence recorded but
matches that of Brown and Donald (1942) of 47 1n 178 cases

It 1s very rare for fistulas to occur except through 2 previous laparotomy scar
No single case was encountered 1n Crohn s 562 patients One example mn a woman
aged 22 years was observed 1t developed during conservative treatment for what
was considered to be an abscess on the appendix but which was found at
subsequent operation to be a typical example of Crohns disease {C E P
Markby )

The fistulas usually develop during convalescence after exploratory operation
There 15 reason to believe that appendicectomy encourages the formation of fistu
las and 1n view of this 1t cannot be too strongly emphasized that appendicectomy
should not be performed Such development and persistence of a fistula after

p y may ly be the first ind of the nature of the disease

The presence of an external fistula 1s normally to be regarded as an indication
for surgery for spontancous healing 1s exceptional

Internal fistulas are most commonly found leading 1nto the ascending or trans
verse colon Occasionally the sigmord colonis involved and very rarely the rectum
No neighbouring hollow viscus 1s exemnpt and examples of fistula into the uterus
a fallopian tube a ureter and even the duodenum have been recorded One of
the author s patients suflers from an 1leo recto vaginal fistula

Pers rectal and pert anal fistulas  Attention has already been called to the
significance of pert anal abscess leading to fistula occurring at an early stage 1n
the history of the 1llness The reported over all mncidence vartes from 18 per cent
(Penner and Crohn 1938 Crohn 1949) to 31 6 per cent (Jackman and Smith

1943) A parallel with ulcerative colitis will be noted

A much rarer and more severe form s that 1n which the fistulous track burrows
through the pelvic fascta apparently commencing 1n the pouch of Douglas and
opens 1nto the rectum above the sphincter or passes 1nto the 1schrorectal fossa
or eveninto the vagima [L1s suggested that such a fistula may be due to proteolytic
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hal

a it Y process in the intestnal tract They do
not occur int nervous gastrogenous pancreatic allergic or thyrogenic diarrhoeas
There will be general agreement with ths view

Phase of physical signs

The clinical characterstics and radiol | features of established Crohns
disease are well known the sigmificance of only certain of the Jeading signs and
symp will therefore be d d

Duarrhoea —This 15 the most constant symptom of the disease in all 1ts stages
though 1t may at first be slight and intermuttent and 1s never as severe as in ulcera
tive colitis. Though severe bleedtng may very occasionally accur blood 1s usually
not to be observed 1n macroscopic quantities 1 the motions In the typrcal case
fat digestion 1s not impatred If steatorrhoea 15 present 1t betokens extensne
mvolvement of the testine Cooke (1955) has found that the presence of steator
thoea before operation 1s associated with high post operative recurrence and
mortality rates and surgical treatment 1n such cases 1s therefore strongly contra
ndicated

Pain —A characteristic feature of the pain tn all phases of the disease 1s that it
may precede the call to stool and may be relieved by defaccation Pain 15 usually
situated 1 the region of the right iliac fossa or across the lower abdomen and only
becomes severe and colicky n nature when the disease 1s sufficiently advanced to
cause narrowing of the lumen of the ileum Low back pain may also be present Tt
is important to realize that during the acute stages of the disease diffuse colicky
pain does not necessarily demand surgical treatment as an urgent measure the
narrowing of the lumen of the ileum which causes pain at this stage will probably
be due to lymphatic oedema and not to fibrosis Complete rest at this time s likely
to be accompanied by some degree of resolution so that the attacks become less
msistent and the immediate danger1saverted Coltcky attacks over a lengthy period
associated with visible penstalsis denote fibrosis and rehef by operation will
usually be indicated It should be noted that both nausea and vomiting are rare

Anaermia —A varying degree of anaemua 1s often though not necessarily present
and may be down to a level of 70 per cent (Haldane) without there betng any macro
scopic evidence of blood loss In one of the author s patients the anaemta was
megaloblastic 1n type and achlorhydrta was present This patient had had a short
ctreust operation performed 5 years previously without affording rehief Medical
treatment failed to benefit the anaemia until exciston of the diseased mass was
performed This was followed by a partal recovery to the extent that the red cell
count was maintained at about 4 million per cubtc miilimetre and the menses
previously 1n abeyance became normal The patient eventually died at the age
of 37 years 12 months after a radical exctsion of carcinoma at the cardta The
total Jength of her medical history was 12 years

The swelling —The swelling 1s not always to be observed 1n the right ihac fossa
but may be placed more centrally In one of the author s patients 1t was situated
Jow 1n the left 1hac fossa Occasionally 1t may he wholly within the peivis and 1ts
presence be revealed only by rectal or vaginal Repeated of
the size and character of the swelhng 1s a very important guide to the progress
of the disease

Pyrevia —During this phase the evemung temperature may rise to 101 F and
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continue so for weeks Occasionally 1t may reach an even hugher Jevel In one such
case 1t pursued an unusual course suddenly falling to normal for no accountable
reason at a time when a surgtcal procedure was contemplated

Phase of complcations

Symptoms of intermittent chronic obstruction may predominate particularly
1n older patients or late 1n the course of the disease and be assocrated with visible
penstalsts Surgical relief 15 required There should be no urgency about operating
for the milder symp of obstruction d 1n younger people during the
second phase for attacks 1n such cases may subside during conservative treatment
1t has been found by experience however that 1f the symptoms of obstruction
are at all marked duning this stage surgery will eventually be necded Oceastonally
the pattent may develop obvious acute obstruction which should be treated in the
fir t mstance by intubation Heostomy 1s to be condemned

Fistula —The mechansm of fistula formation 1s not clear It 1s not due to abscess
formation as in dwverticulitis but 1s more probably due to lysis of the sodden 1leal
wall and spread of the process to an adherent operatton scar or to a neighbouring
hollow organ

External abdomnal fistulas may be single or muitiple and were noted 1n 12
of a senes of 51 patients This figure exceeds the usual mcidence recorded but
matches that of Brown and Donald (1942} of 47 1n 178 cases

1t 35 very rare for fistutas 10 occur except through a previous laparotomy sear
No single case was encountered in Crohn s 562 patients One example 1n 2 woman
ased 22 years was observed 1t developed during conservative treatment for what
was considered to be an abscess on the appendix but which was found at
subsequent operation to be a typical example of Crohns disease (C E P
Markby )

The fistulas usually develop during convalescence after exploratory operation
There 15 reason to believe that appendicectomy encourages the formation of fistu
las and 1n view of this 1t cannot be too strongly emphasized that appendicectomy
should not be performed Such development and persistence of a fistula after

ppend) may 1ly be the first ind of the nature of the disease

The presence of an external fistula 1s normally to be regarded as an indication
for surgery for spontaneous healing 15 exceptional

Internal fistulas are most commonly found leading into the ascending or trans
verse colon Occasionally the sigmoid colon s involved and very rarelv the rectum
No neighbouring hollow viscus 1s exempt and examples of fistula into the uterus
a falloman tube a vreter and even the duodenum have been recorded One of
the author s patients suffers from an ileo recto vaginal fistula

Peri rectal and pert anal fistulas Attention has already been called to the
significance of pent anat abscess leading to fistula occurring at an early stage 1
the history of the iflness The reported over all inaidence vanes from 18 per cent
(Penner and Crohn 1938 Crohn 1949) to 316 per cent (Jackman and Smith
1943) A parallel with ulcerative colitis will be noted

A much rarer and more severe form 1s that 1n which the fistulous track butrows
through the pelvic fascia apparently commencing 1n the pouch of Douglas and
opens into the rectum above the sphincter or passes 1nto the 1schiorectal fossa
ot eveninto the vagina It1s suggested that such a fistula may be due to proteolytic
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a pathologic infl Y process here tn the intestinal tract They do
not occur i nervous gastrogenous pancreatic allergic or thyrogenic diarrthoeas

There will be general agreement with this view

Phase of phy sical signs

The chnecal char: 1stics and radrol | features of established Crohns
disease are well known, the significance of only certain of the leading stgns and
symptoms will therefore be discussed

Diarrhoea —This 15 the most constant symptom of the disease m all s staces
though 1t may at first be slight and intermuttent and 1s never as severe as 1n ulcera
tive colitis Though severe bleeding may very occasionally occur blood 15 usually
not to be observed 1n macroscopic quantrties 1n the motions In the typical case
fat digestion 15 not impaired If steatorrhoea 1s present 11 betokens extensie
volvement of the intestine Cooke (1955) has found that the presence of steator
rthoea before operation 1s associated with high post operative recurrence and
mortality rates and surgical treatment in such cases 1s therefore strongly contra
indicated

Pain —A characteristic feature of the pain 1n all phases of the disease 15 that 1t
may precede the call to stool and may be relieved by defaecation Pam 1s usually
situated 1n the regton of the right 1liac fossa or across the lower abdomen 1nd only
becomes severe and colicky 1n nature when the disease 1s sufficiently advanced to
cause narrowing of the lumen of the ileum Low back pain may also be present It
18 important to realize that duning the acute stages of the disease diffuse cohicky
pain does not necessarily demand surgical treatment as an urgent measure the
narrowing of the lumen of the 1leum which causes pam at this stage will probably
be due to lymphatic cedema and not to fibrosts Complete rest at this time 1s likely
to be accompanied by some degree of resolution so that the attacks become Jess
msistent and the immediate danger s averted Colicky attacks overa lengthy period
associated with visible peristalsis denote fibrosis and rehief by operation will
usually be indicated It should be noted that both nausea and vomiting are rare

Anaenna —A varying degree of anaemia 1s often though not necessanly present
and may be down to a level of 70 per cent (Haldane) without there being any macro
scopic evidence of blood loss In one of the author s patients the anacmia was
megaloblastic 1n type and achlorhydra was present This patient had had a short
et operation performed 5 years previously without affording relief Medical
treatment fatled to benefit the anaemsa until excsion of the diseased mass was
performed This was followed by a partial recovery to the extent that the red cell
count was maintamned at about 4 million per cubic millimetre and the menses
previously 1n abeyance became normal The patient eventually died at the age
of 37 years 12 months after a radical exciston of carctnoma at the cardta The
total Jength of her medical history was 12 years

The swelling —The swelling 1s not always to be observed 1n the night iliac fossa
but may be placed more centrally In one of the author s patients 1t was sttuated
Tow 1n the left ltac fossa Occasionally 1t may lie wholly within the pelvis and 1ts
presence be revealed only by rectal or vaginal R d of
the size and character of the swelling 15 a very important guide to the progress
of the disease

Pjrexta —During this phase the evening temperature may rise to 101 F and
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‘The ileum prouimal to 1t may b 2 little distended there may be some evidence of
spasm 1n the wall of the bowel on the other side of the 1leo caecal valve and the
normal angle of incidence between tleum and colon may be altered

The string deformity of kantor 1s rarely 1f ever demonstrable before the stage
of physical signs has been reached and the diagnoss obvious on clinical grounds
At the same time 1t s a mistake to think that the presence of the string sign means
that the bowel 15 already converted into a fibrous tube and that the activity of the
disease has waned or wholly burnt out Suchis very far from being the case for the
radiological narrowing of the lumen 1s more than hikely to be due to spasm and
oedema and 1t may thus be at least partially reversible Indeed 1t 1s quite impos
sible to correlate this characteristic radiological appearance with any degree of
permanent or irreverseble change and its discovery 1s not necessarly to be regarded
as an indication for early surgical intervention

The value of radiology n determining the degree of chronmic obstruction and
1n the mvestigation of fistulas 1s recogmzed and well established

Management

Though 1t 1s unwise to d: upon the of so unp a
disorder certain generahzations are permissible in the light of present day know
ledge and experience Of particular tmportance ts the study of the results—both
short and long term—of radical extirpation and side tracking operations If the
term recurrence s used 1n 1ts very widest sense so as to include both farlure to
relieve major and the of T after a period of
temporary abeyance even without radiological or operative evidence of the return
of the disease we must admut to a figure of at least 50 per cent within 5 years
The figures from the Mayo Chinic (1954) show an incidence of 80 per cent after
15 years and Cooke (1955) of 78 per cent after 10 years Bockus (1954) estimates
the 5 year recurrence rate after ample resection of the lesion to be between 50 and
0 per cent

The principal facts which emerge are first that surgical intervention should be
avoided 1n the young subject during the flond active stages of the disease and
secondly that if the progress of the disease 15 not stayed by medical measures and
the employment of surgery 1s impelled while 1tas still active operation should be
restricted to side tracking Any attempt at radical excision should be abjured One
of the reasons for avoidance of even the side tracking operation while the disease
1s sull active-~a reason which has not been sufficiently emphasized—is that 1t 1s
not always possible at this time to determine the exact limt of the disease by naked
eye observation at operation and 1t 1s essential to success that transection of the
1leum 1s made through healthy bowel Examunation of frozen sections has been
employed as a means of determining a healthy bowel level but the method 1s not
mfallible

Stated 1n general terms primary surgical treaiment should be deferred untl the
disease has become quiescent or burnt out and should be restricted to the treat
ment of sequelae Until quite recent years most patients have undergone surgical
exploration before the disease was suspected and a high proportion were sub
mitted to appendicectomy If the abdomen 1s opened before the diagnosts has been
made a lymphatic gland should be removed for microscopic and bacteriological
investigation and the inciston repaired with the utmost care There can be objection
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material escaping from a diseased loop of termnal ileum lytng on the pelvic floor
(Crohn 1949)

Perforation of the bowel 1s a rare complication which may lead to the formation
of a walled off abscess Severe haemorrhage from the flamed mntestine has been
recorded

Radiological examination

Though symptoms usually precede any observable alteration of the outhne or
motility of the terminal ileum the latter may themselves precede the development

Fi6 88 — Tubular cast
effect Note unusual 1leo
caecal angle Diagnosis
confirmed by mesenterc
gland biopsy Eighteen
months medical manage
ment The patient nowhas
obstructne attacks and
will probably need ex
clusion operation

of physical signs In other words the development of radiological changes 1s
sandwiched somewhere between the phase of onset and the phase of physical signs
The early radiological abnormahities are those of spasm or of suggested s\w:llu;g
of the mucosa Such changes are not diagnostic of Crohn s discase and should
be regarded as fi only 1f d with a chimeal hustory of Crohns
dl?l:’:ieearllcst definstive radiological change 1s the disappearance of the muc;;al
pattern of an area of terminalleum so that 1t resembles a tubular cast (Fig 88)
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Fic 89 —Recurrence  after
exclusion 1leo transverse
colostomy Condition 4 years
after operation upon a gil
then aged 17 years with
severe Crohn s disease with
sinuses  The disease has
spread from the ileum across
the anastomosis to involve
the colon Hemicolectomy
performed November 1952
Patient well except for mucro
cytic anaemia which r1e
sponds well to won (Fralls
Kendall)

F1G6 90 —Spread of
disease after non-exclu
sion 1leo transverse
colostomy i a female
aged 31 years Onset
15 years previously
Fagure illustrates spread
of discase past the
dnastomosts 5 years
after operation Hem:
colectomy  eventually
performed
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to diagnostic exploration when the nature of the disease 1s 1n doubt Under such
circumstances the exploration should take the form of a small gridiron inctston tn
the night thiac fossa undertaken with a minimum of disturbance

Med:ca) treatment

The essentral component 1n medtcal treatment 15 rest The patient should remam
m bed at home 1f need be until all physical evidence of activity disappears The
diet should be high 1n caloric content and of low residue There 15 no specific
remedy for the disease and antibiotics are of no proven value If the temptation
to employ them 1s 1rreststible they should be used with discretion because they
may be instrumental 1n imtrating an enteritis (Zetzel 1956) Steroid compounds
should also be used with caution during the active phase for fear that they may
inhibit the normal response to inflammation perforation of the bowel has followed
their use The main value of the steroid compounds seems to be in caustng an
improvement of appetite (and thereby nutrition) and in general well being

Progress 1s determuined by diminution 1n symptoms and shrinkage of the tumour
mass It 1s important not to regard the disease as having become burnt out unul
the h lobin and erythrocy d on rate become normal the weight
15 steady or increasing and the mass no longer tender Return to normal activittes
should not be permutted unttl these destderata have been achieved

The patient despite recovery from the active process may experience occastonal
bouts of diarrhoea accompanted by colicky pain These are probably caused by
intermittent obstruction and are an indication for the constderation of surgery

Surgical treatment

The controversy between the exponents of radical excision and those of side
tracking operations—all of whom have from time to ttme published unconvincing
evidence 1n support of their all has largely subsided as a result of the
realization that 1t 15 not so much on what 1s done as on when 1t 1s dore that
ultimate success depends If the disease progresses i spite of expert medical care
or 3t becomes certain that medical measures are to fail then there can be no doubt
whatsoever that a side tracking operation 1s to be preferred to exciston It carrtes
far less risk to hife and at the worst 1t can do Iittle harm Moreover 1t leaves the
door open to the radical procedure if the side tracking operation 1s unsuccessful
(Fig 89)

/fpart from adopting surgery during the active phase of the disease the author
prefers a side tracking operation in the young subject who has recovered from the
flord type of the disease and radical excision m the older patient in whom the
disease has run a quieter course

The presence of an external fistula will 1ncrease the hazard of resection par
ticularly 1f multiple or combined with nternal fistulas It will usually be expedtent
1n such cases to limit the operation to an ileo colostomy Occasionally very
gratfying results are obtained so that further surgical treatment s not needed
Robinson (1953) has stressed the value of the conservative operation i the treat
ment of 1leo vesical fistula though Williams (1954) 1s of the opinton that resection
of the diseased ntestine 1s preferred
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Other methods of treatment

¥ agotomn

Vagotomy has been advocated as a means of dimimshing the intensity of
diarthoea thereby causing a general improvement 1n health sufficient to make
further surgery Justifiable at a later date but though some success 1n this connexion
has been reported (Eddy 1951} 1t 1s not generally acceptable

Radotherap)

Radiotherapy has been given an extended trial by Bargen (1954) and to a lesser
extent by Reifer et al (1950) but 1t 15 very doubtful whether the dangers of the
method do not exceed 1ts benefits and 1t 1s probably unjustifiable except possibly
for itractable operation failures

RELATED CONDITIONS

The disease may spread upwards in continuity to mmvolve the whole of the ileum
the jeyjunum and even the duodenum and the stomach (Comfort et al 1950

Fi6 91 —Chronic jyunitis 1n
a boy aged 11 years (By
courtesy of Wilfred Sheldon
and David Saterston )

Martinand Carr 1953) or it may have a segmental distribution with considerable
£aps 1n between

Widespread disease 15 likely to cause severe nutnitional deficiencies (Cooke
1955) and 1n general surgery has no place 1 ts treatment

The jejunum may however be affected over a limnted segment or segments by
the characteristic changes of Crohn s disease without there being any evidence
of disease elsewhere in the alimentary tract

The symptoms of localized jejunitis appear to be mamly obstructive the disease
15 very rare (Fig 91) Surgical treatment 1f required should have a bras towards
short circuit placed close to the obstruction rather than exeiston but 1t 15 very
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The operation

The essential feature of the operative treatment 1s to transect the tleum so as to
frustrate the tendency to extension of the disease proximally by direct spread
Sections of the bowel must be through healthy mtesting above the limut of disease
and frozen sections may help to determine a healthy level if doubt exists

Side tracking operation —The cut end of the 1leum should be implanted 1nto the
transverse colon as near to the hepatic flexure as convenient behind the great
omentum Lateral 1leo colostomy 1s very unreliable and in our expenence gises
at best only temporary relief In 4 patients 1n whom this operation had been
performed excision became necessary 1n 3 after 4 years and 1n 1 after 5 years In
one case there was radiological evidence of spread past the anastomosts which was
confirmed at operatton (Fig 90)

Radical op ~~This can conventently be performed through a transverse
meision or through a previous midline scar after excision of the latter There 15
no need to increase the difficulty and nisk of the operation by attempting to remose
enlarged Iymph nodes situated at a distance fram the bowel Continuity should
be restored by end to end anastomosis of the ileum to the distal cut end of the
transverse colon

Results of operation

Tables 1 which operation cures are registered in figures carned to the night of
the decimal point are not consistent with the behaviour of the disease In any
event most recorded statisics date from the years during which surgery was
regarded as the standard treatment

Figures purporting to show the relative value of 1leo colic anastomosis and
resection are open to cricism for they omit to compare the cure or respite rate
of the two methods and deal only 1n terms of recurrence

The following figures of Garlock et al (1951) are the most frequently quoted
as evidence that excluston 15 a better operatton than resection

\! R 22 8 per cent
Mortality Nul per cent
Resection Recurrence 46 per cent
Mortality 14 per cent

On the other hand Marshall and Fecher (1954) believed that radical resection
1s the only method offertng improvement or complete relief Their anticipated
recurrence rate within 5-10 years 1s 30 per cent Armutage and Wilson (1950) and
Armutage (1953) recorded the following experience

Of 34 patients treated for Crohn's disease 6 died after operatton (2 after resection

2 after two stage resection 1 after laparotomy ard 1 after short-circuit) One patient

died later of other causes (two stage resection) Nine patients are untraced (3 after

resection 2 after two stage resection 1 after short-<circutt 1 after appendicectomy

1 after closure of fistula and 1 after short-circuit excluston)

Of the remaiming 18 patients 16 had had resections 1 a two stage resection and

1 a short-circt There were 5 patients who had had no symptoms since operation

(3 after resection 1 after two-stage resection and 1 after short-cireuit) Nine patients

had mild drarrhoea or a few attacks of severe diarrhoca (all resections) Four patients

had symptoms suggestive of recurrence but barium meal follow through and enema

exammmations showed 1o lesion of the bowel (all resections) There were no prosed

recurrences
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()

Fi6 93 —Lineous  typhbus
male aged 21 years Origmally
diagnosed as acute appendicttis
and treated conservatively to allow
the patent to sit exammation
There ts some doubt as to whether
appendicis  was  pnmary  or
whether the appendix was 1n
volved secondarnly to inflzmmation
of the caecum which was  woody
hard Duration of illness up to
time of resection was 12 months
{a} Lipiodal radiograph showing
smuses followmg original laparo
tomy At one tme provisional
diagnosis was actinomycosis (&)
Operation specimen  probe passes
through a sinus (c) Microphoto
graph showing thickened apperdix
burted in dense pencaccal fibrous
ssue
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mportant not to leave the patient with a2 permanent blind or partially blind loop
of bowel

As with the jejunum the ascending transverse and distal colon may become
affected by changes charactenstic of Crohn s disease over a short segment

The discase may also spread downwards past the 1leo caecal valve Usually
this 15 over a very limited area of the caecum—a sympathetic reaction as 1t were
to the troubles of its near neighbour Occastonally however the colon may be
affected over a very wide arca—even totally involved—and 1n such circumstances
the changes may not be n the least typical of Crohn s disease but dentical with
those of ulcerative colitis The following 1s an example of this

A female aged 30 years was operated upon foll history of
extending over a pertod of 4 years Radiol ! and d
were negative Operation 22952 Crohns disease found and confirmed by Jymph
node biopsy Exclusion tleo transverse colostomy was performed Condition rapudly
deteriorated after | month s respite Erythema nodosum and polyarthritss developed
Cortisone therapy brought only temporary benefit Death occurred 93 53 At autopsy
the whole mucosal surface of the large intestine was found to be affected by chrontc
ulcerative colitis with pseudo po yposis (Avery Jones )

It 15 well known that right sided colitts may leap the barrter of the tleo caecal
vialve which as Brooke (1953) has shown 1s often naturally incompetent or

FiG 92 —Granuloma of the
ascending colon m a female
aged 58 years mdistinguish
able from cancer clmically
and radiologtcally (Ftalhs
Kendall }

becomes so as a result of the disease The ileum 1n such instances does not usually
become converted mto the thick walled rig d tube as in Crohn s disease and even
if 1t eventually does so the primary change 1s mucosal and not submucosal

Thus reciprocal tendency for colon and ileum to nfect or affect each other has
been cited as evidence that Crohns disease and ulcerative colitis are kindred
disorders The kinship must however be a somewhat distant one for chnrcally
and morphologically (Warren and Sommers 1954) the two diseases are drstinct

274



RELATED CONDITIONS

)

Fic 95 —Chronic typhlitis assocrated with phthisis 1n female aged 30 years Bilateral
upper lobar mfiltration Sputum positive Sixteen months history of abdormmnal pamn
and sickness No diarthoea Mass in right thac fossa Bed rest 6 weeks with course of
streptomyem and 1somazid (Bruce Pearson) Marked improvement 1n abdominal
condition 22154 Rught hemucolectomy Patient now m excellent health () Radio
graph showing narrowing of caecum and dilatation of ileum (b) Operation specimen
Disease limited to caecum. (¢} Section of lymph node (% 200) Complete mnvestigation
of pathological material fatled to demonstrate tuberculosis (' A Aagnus)
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Fic 94 —Chronic typhliis (2}
Operation photograph Male aged
24 years with abdomunal history
indistingushable  from  that of
patients with phthists and his
tology identrcal  Complete 1
vestigation of operation matertal
showed no evidence of tuber
culosis (H A Magnus } (5 Section
through mesenteric lymph node
(x 200)

Chromc typhhitis
Changes 1n the wall of the caecum and contiguous ascending colon indis
tingwishable both on naked eye and mrcroscopic examinatron from those charac
tenistic of Crohn s disease have frequently been observed (Cotton 1955) Although
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Iigneous typhlitis have been suggested to describe it The inflamed appendr< will be
found lying embedded 1n pent caecal granulation tissue The condition may become
complicated by sinus formation and may necessitate hemicolectomy (Fig 93)

Prunary chrome tphlits

The course of thrs disorder in the observed cases has been less acute than 1n
typreal Crohn s disease and diatrhoea 1s not a symptom Steady deterioration n
health with progressive loss of weight and of appetite are charactenstic features
and malaena may rarely be noted (Fig 94)

One of the chief features of this form of chrome typhlitts 15 1ts association with
pulmonary tuberculosis thus differing from Crohn s disease (Fig 95) Itis ex
tremely common 1n Indta where there 1s a sharp difference of opinion among those
with great experience of the condition as to whether 1t 15 or 1s not tuberculous
Mangalik and Misra {1952} of Lucknow believed that the condition ts similar
aetrologically to Crohn s disease whereas Anand (1956) of Ammtsar claimed to

have proved that the disease was tub n 50 cases
during a permd of 4 years Taylor (1954) bche\ed that the fact that mvestigations
for animal negative should not neces

sanly be accepted as an absolute critenion

It seems to follow that the borderline between demonstrable fibro caseous
disease (now exceptionally rare in Great Britain) of the caecum and caecal
granulomas showing only changes characteristic of Crohns disease 15 a very
shadowy affair—even 1ndeed 1f 1t eusts at atl—and that at least some represent
a reaction to a tuberculous process which escapes the more obvious climcal
stigmas of chron ¢ tuberculosis and which defies bacteriological 1dentification

Treatment

In principle the optimum treatment of chronic typhlitis whether pnmary or
secondary appears to be hem colectomy preferably 1n most cases following a
pertod of rest and a course of streptomycin The results have been umformly
goed In only one case has the condition been treated by us by excluston 1leo
colostomy and 1n this case a fistula which followed appendicectomy persists

Radical treatment 1s also to be preferred when the disease 1s associated with
pulmorary tuberculosis It goes without saying that for such patients the timing
of operatton demands especial attention and should be preceded and followed by
antt tuberculosis care under the aegs of the physician
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the condition often mvolves a hmited area of ascending colon rmmeduately above
the caccum and sometimes 1s confined to the colon i this situation (Fig 92}
1t 15 conventent to label 1t typhlitis 1n order to avord a clumsy title These changes
may be dary to the foll g (1) chronicnfl 1tion of a solitary diverticu
lum (2) solitacy ulcer and (3) appendicitts
Identical changes may also be d with

pul y
finally may anse without any discernible local primary cause or other assoclated

disorder In all these examples the lymph nodes will be found at operatton to be
enlarged (though not to a degree commensurate with that typical of the active
phase of Crohns disease) and to contamn non caseating grant cell formattons
which are also present 1n the thickened rigid bowel wall These observattons
emphasize the fact that the presence of non caseating giant cell formattons 1s not
specific to Crohn's disease but 1s to be regarded as the normal reaction of the
bowel and 1ts lymph nodes to a noxious stimulus acting over a lengthy pertod of

Secondary chrome 1y phlitis
Typhhitis secondary to chronic inflammation of a solitary diverticulum or to

a solitary ulcer gives rise to a mass in the night ilhiac fossa which cannot readily
be distinguished chimcally or radiologrcally from carcinoma and the diagnosis

may be revealed only after e 1on of an op
ever the youth of the patient and the predominance of inflammatory signs can

enable a clinical diagnosis to be made
A rare form of chromc typhlitis 1s that due to appendicitis The wall of the cac

cum may become immensely thickened and so hard that the terms woody or
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CHAPTER 18

THE DIAGNOSIS AND TREATMENT OF
PROTOZOAL AND HELMINTHIC INTESTINAL INFECTIONS

W R M Drew

PROTOZOAL INFECTIONS

INTESTINAL AMOERIASIS
Diagnosis

I7 15 still not known what factors precipitate an attack of amoebiasts and the role
of cimate diet and changes 1n intestinal flora has not been fully 1nvestigated
The types of amoebiasis encountered in different parts of the world are the famtliar
chronic form the sub-clinical case or carrier and acute amoebiasis Despite its
varations the chmcal picture in amoebiasis may easily be obscured by functional
symptoms due to dysfunction of the large intestine Because of this wide cltmical
range the necessity for accurate diagnosis cannot be over emphasized Diagnosis
will mvartably depend on the lab y finding of vegetative or cystic

1n the stools though the mere passage of Entamoeba lustol tica does not mean
thatstis responsnble for the patient s symptoms Indeed some races of £ Justoly
tea are y non (Houre 1950) The climean
may require speclal d suchas

to determune the extent of the intestinal lesions Thc laboratory worker requires
experience 1n examining stools for E hustolytica Direct exarmination of at least
6 fresh stool preparations 1s usually sufficient to confirm the diagnosis though
concentration methods and spectal staiming techmiques may at times be in
valuable fn vitro culture of stools may occasionally assist 1n diagnosts Comple
ment fixation tests still require further elaboration to make them reliable as a
routine method of diagnosis

Therapeutic considerations
Development of the modern treatment of amoebiasis can be divided 1nto two
phases The first began with the introduction by Rogers (1912 a and b) of emetine
for the treatment of mtestinal and hepatic forms of the disease During this phase
a number of other drugs with specific amoebicidal action were also brought nto
use The second phase was imtiated b) Hnrgrc:n:s (1945) who first demonstrated
the value of lin and succinyl mthe of the secondary
bacteral snfection accompanying chromc amoeblc dyscn(ery Since then a number

with

of ather 1 activity have been used
both singly and 1in combination with mher agents for the treatment of this disease

Some experunental evidence of actvity of chemotherapentic agents
The 1t vatro cultivation of E hustolytica was first carried out by Boeck and Drboklay
(1925) and later by Dobell and Laidlaw (1926) whose method of cultivation 1s still the
best Dobell (1945) was successful 1n growing £ histolynica in a fluid medium with one
known strain of bacterum The presence of either bactenia bactertal products of rice
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CHAPTER 18

THE DIAGNOSIS AND TREATMENT OF
PROTOZOAL AND HELMINTHIC INTESTINAL INFECTIONS

W R M Drew

PROTOZOAL INFECTIONS

INTESTINAL AMOEBIASIS
Diagnosts
It 15 still not known what factors precipitate an attack of amoebiasis and the role
of chmate diet and changes 1n intestinal flora has not been fully investigated
The types of amoebrasis encountered ;n different parts of the world are the famtliar
chronic form the sub elinical case or carrier and acute amoebrasis Despite 1ts
vamations the clinical picture 1n amoebiasts may easily be obscured by functional
symptoms due to dysfunction of the large intestine Because of this wide clinscal
range the necessity for accurate diagnosis cannot be over emphasized Diagnosis
will mvanably depend on the laboratory finding of vegetative or cystic amoebae
n the stools though the mere passage of Entamoeba histol tica does not mean
that 1t 1s responsible for the patient s symptoms Indeed some races of E Justol)
tica are considered to be relatively non pathogemc (Hoare 1950) The climeian
‘may require special d suchas
to determine the extent of the intestrnal lesions The laboratory worker requires
experience 1 examiming stools for £ histolytica Direct exammation of at least
6 fresh stool preparations 1s usually sufficient to confirm the diagnosis though
concentration methods and specral staming techniques may at times be 1
valuable In witro culture of stools may occastonally assist 1n diagnosis Comple
ment fixation tests still require further elaboration to make them reliable as a
routme method of diagnosis

Therapeutic considerations

Development of the modern treatment of amoebiasts can be divided into two
phases The first began with the introduction by Rogers (1912 a and b) of emetine
for the treatment of intestmal and hepatic forms of the disease Duning this phase
a number of other drugs with specific amoebicidal action were also brought 1nto
use The second phase was imtrated by Hargreaves (1945) who first demonstrated
the value of Ilin and succinyt 1n the treatment of the secondary
bactertal nfection accompanying chronic amoebic dysentery Since then a number
of other antibiotics with antibacterial or antiprotozoal activity have been used
both singly and 1 combinatron with other agents for the treatment of this disease

Some experimental evidence of activity of chemotherapeutic agents
The 1 vitro cultivation of E hustohirca was first carnied out by Boeck and Drbohlay
(1925) and later by Dobell and Lardlaw (1976) whose method of cultivation 1s still the
best Dobell (1945) was successful 1n growing E hnstoly tica n a flud medium with one
known strain of bacterum The presence of either bacteria bacterial products or rice
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Reichert F L and Mathes M E (1936) Ann Surg 103 601

Robinson R H O B (1953) Brir J Urol 25 127

Taylor A W (1945) Brit J Surg 33 178

Van Patter W N _Bargen J A Dockerty M B Feldman W H Mayo C H and Waugh
I M (1954) Ga_\‘lru:meralog) 26 347

Warren S and Sommers J C (1954) J Amer med Ass 154 189

Willams R J (1954) Briz J Surg 42 1

Zetzel L (1956) New Engl J Med 254 990 1029
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They also found there was a four fold increase in the mhibstion of these organisms when
tetracychine or oxytetracychine were used with carbomycin

Testing of amoebicidal substances i man —It will be seen that the problem of
the chinical evaluation of amoebiasts has been obscured by the fact that a number
of drugs have been given on empinical grounds

In the thetapeutic trials so far undertaken 1n man there has been a lack of
umformuty Nearly all reports on the value of amoebicidal drugs take little account
of the variation in the clinical types of the disease and make no distinction between
patients passing vegetative forms and those wath cysts i the stools It has been
suggested by Adams and Maegraith (1953) that the time taken m the passage of
the stools 15 the determmative factor concerned with which form appears m the
stools This however may be an over sumplification since some regard the appear
ance of the cystic form m the stools as reflectmg a different stage of the disease
In most of the chimical trials conclustons are drawn from small numbers of patients
some of whom are out patients and therefore not under close superviston The
follow up period 1s often far too short and 1n many studses no controls have been
used A number of these nveshigations have been carrted out 1n tropical countries
where the possibility of re infection has not been taken into account

The reason why agents which are solely antibacterial are effective 15 not properly
understood Once secondary bacterial infection 1s reduced or eliminated the body
often appears to be capable of a successful recovery Thus since there 1s always
this bacterial infection the combination of an amoebicidal drug and an anti
‘bactenal drug 1s justified on theoretical grounds

Chemoth of intestinal
Alkaloidal preparations

Emetine —The alkalod obtained from the dried root of Cephoelis ipecacuanhae
15 2 complex 1soq; line which 15 ad d by mjection and
by mouth It dilates the coronary vessels and exerts a depressant action on earduc
musele and on the conducting tissues of the heart Tachycardia lowenng of blood
pressure and electrocardiograptuc changes may result but these disappear
m 1-2 weeks after cessation of treatment The electrocardtographic changes
nclude prolongation of the P R interval and inverston of the T wave It exerts no
effect on liver functton The toxic effects produced are anorexia nausea abdominal
pain diarrhoea dyspnoea precordial pain and polyneuntis

Emetine has a specific effect on vegetative forms of £ Justohtica but no effect
on cysts The site of action 15 the tissues and not 1n the intestinal lumen  Although
the therapeutic znd toxic ranges tend to overlap reports of the effects produced
espectally on heart muscle have in the past been grossly exageerated Nevertheless
preparations of emetine should be given carefully 1n appropnate dosage and with
the patient restng 1 bed m haspital As a rough clinscal gude to intolerance
the indwvidual patient tachycardia a fall in blood pressure muscular weakness
diarrhoea or abdomunal cramps usually develop early Should these or electro
cardiograpluc changes occur admunistration of the drug should be stopped The
drug should not be given in the presence of heart or kidney disease 1n pregnancy
or to very young children Preparations of emetme should never be given by injection
nd by mouth at one and the sume ime
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flour 15 necessary in culture for the growth metabolism and multiplication of this
amoeba and to keep 1t [iving for long periods For some reasor which s not apparent
the Tr crie i the orgarusm of Chagas s disease has also
been used as a growth factor The mability to grow the amoeba by itself has senously
Hnmpered attempts to standardize methods of cultnat and testing of

rugs

Of the drugs lable emetine 15 bicidal 1n of 1 5000000 of
medium fumagillin iz v1tr0 imhibits growth 1 a dilution of 1 130 000 000 of medium
and the most recent additton hydroxy ( also
possesses high activity in witro All these substances possess amoebseidal rather than

antibacterial properties On the other hand the halogenated oxvquinolnes and the
pentavalent arsenical compounds have little effect on E lustolytica in vitro
Expermmental drug fastness —The development of resistance to emetine and other
drugs requires further confirmation although claims have been made to ths effect
Theoretically the developmient of drug fastness i1s possible but so far the number of
strains mvestigated experimentally 1s small
Seneca and Murphy (1954) cultured 11 strains of E fustoly frca with oxytetracychine
I stramn of which became more resistant 2 strmins of which became more sensitive
while a further 8 showed no change After 10-20 sub cultures in the absence of oxytetra
cycline the reststant strains maintamed therr resistance Whi'e sensitive strains retutned
to normal On the other hand Shaffer and Washimgton (1952) could not induce rests
tance to emetine OXy fine or chlor line after 38 serial cultures
Ammal experiments —It mght be thought that antmal experiments would contribute
much to the solutton of the problem of testing amoebrcidal drugs but the large number
of variables and the fact that amoebiasts 1 most experimental amimals does not
conform to the pathology observed 1n man does not justify their use theorctically The
macaque monkey does not show these disadvantages and 1t has been used to test new
drugs for amoebtcidal activity and to evaluate probable toxic effects n man
Antibiotic combinations m vitro —By means of i wiro experiments Seneca et al
(1949) were able to show that pemicilin and streptomycm tmhibit the growth of a
culture of E Austolytrca We now know that perucillin and streptomycin together are
the equivalent of a broad spectrum antibiotic The work of Watt and Van de Gnift
(1950} (see Table I) proved synergism with two antibiotics of low amoebicrdal activity

TABLE I
ANTIBIOTIC CONCENTRATIONS (MILLIGRAMS PER MILLILITRE) CAUSING
INHIBITION OF ENTAMOFBA HISTOLYTICA

61h sub

owe | k| s | e | Gk | e
PobmrnD | 25 | 10 l 09 08 Low amoctirl!
Circulin 25 10 09 Low amoebicrdal

effect
pameeDs | g | g
- T mu;nRAmoemcxdal effect moderate
And etal (19549) some synergism i1 vitro neomyein and fumagriin

snhibiting E Justoly tica only n the presence of a bacteral associate 1t appears that thrs
synergism 1s brought about with the help of other bacterta 1n the gut Seneca and
Bergendahl (1954) showed that there was a four fold increase m the inhibitory effect on
Aifferent strains of E Justoh tiea with equal amounts of tetracycline and exytetracychine
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Siathetic halogenated compounds

Since emetine 1s an 1soquohine dervative 1t 1s not surpristng that a number of
related halogenated compounds have shown amoebtcidal acuvity

Chimofon —When given by mouth Chiniofon 1s partly absorbed from the
alimentary tract gving a peak blood Ievel about 2 hours after admynistration
Some 18 excreted m the unme but most of 1t 15 excreted 1n the faeces where 1t
rejoins the unabsorbed part of the drug Chiniofon which contains about 27 per
cent of 10dine 15 10do oxyqumoline sulphonic acid Tt 1s given by mouth tn tablets
of 025 gramme (3 75 grans) 1n a dosage of 1 tablet 3 times a day for 10-20 days
preferably after meals As it 1s equally effective by mouth nts use as a retention
enema has generally been discontinued The drug 15 toxic to liver and kidneys and
should never be gnen n the presence of disease of these organs Toue effects are

1 of gastro 1 irotation

Diodoquin —This 15 5-7 diodo 8 hydroxyquinoline contains about 62 per cent of
10dine and 1s supplied 1n tablets of 0 2 gramme (3 grawns) The dose 15 2--3 tablets
3 times a day after meals for 10 20 days As with Chumofon only part of the drug
15 absorbed from the alimentary tract Toxic effects which are mumimal are head
ache nauses diarrhoes and prunitus amt It 1s the drug of chowce foe eradicating
cysts espectally 1n carriers In man it does not destroy the amoebae which have
penetrated the intestinal wall

Vioform —Tlus contatns about 40 per cent of 10dine and 1s 10do chlorhydroxy
quinoline Each capsule contans 025 gramme (3 75 grains) and 3 capsules are
given daily after meals for 10 days The toxic effects which are rare are nausea
abdomunal colic and diarthoea The results of treatment are comparable to those
of Diodoquin

These 3 drugs probably owe their curative actton n part to mhibitton of the
bactersal infection and 1n part to cellular effects in the amoebae themselves

Arsemeal compounds

Of the organic arsenical compounds the pentavalent members show definite amoebs
adal actwity Nevertheless when given alone they do not cure amoebiasts but are
useful additions to complete a course of treztment

Carbarsone —This contains about 29 per cent of arsemc and 1s 4-carbaminophenvl
arsonic acid Each tablet contains 0 25 gramme (3 75 gramns) 2 tablets are given daily
for 10 days Tovic effects include occasional cutancous reactions and since the drug 1s
stored 10 a considerable extent 1n the liver and spleen 1ts use 1s contra indicated m
diseases of these organs and tn hepatic amoebiasts

Acetarsol and Treparsal —Acetarsol (Stovarsol) dosage 0 25 gramme (375 grams)
and Treparsol 025 gramme (3 75 grams) are Jess commonly used than Carbarsone
Toxic effects may result from their absorption and the accumutation of arsenic 1n the

ody

Mulibis —This 1s bismuth glycolyl arsanlate and 1s Jess effective than Carbarsone in
the treatment of amoebrasis It 1s gven as tablets (0 5 gramme 3 times a day for 7 days)

Titocarbarsone —THus 1s a tnivalent compound contaming about 19 per cent arsenic
with an - SH group substituted for oxygen m part of the molecule The dosage 150 1
gramme 3 times a day for 10 days It 1s said to be more effective and Jess toxic than
the previously mentioned arsenical drugs This drug the effects of which are simular to
those of Carbarsone 15 said to cure 90 per cent of patients

Arsthinol (Balarsen) —Most et al {1954) have shown that the drug 1s 88 per cent
effective in children and adults both in active disease and 1n the carmier state using a
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Emetine hydrochloride —This drug 1s given 1 a dosage of 0 06 gramme (1 gran)
a day by int or deep sub mjection Care should be taken to
ensure that 1t does not accidentally enter a vern The daily dose for children 15
1 milligram per kilogram of body weight The solution should be freshly prepared
A course consists of not more than 12 injections and should not be repeated for at
least 2 months

Most effectrse 1n acute amoebic dysentery or m acute exacerbations of chronsc
amocbic dysentery emetine hydrochloride relieves symptoms but 15 not usually
enough to produce complete cure Emetine injections are more successful 1n
hepatic than 1n 1ntestinal amoebiasis The modern tendency 1n the treatment of
the latter form 1s to give only 3 tnjecttons prior to treatment with emetime bsmuth
10dide by mouth

Emetine bismuth 1odide (E B1)—This 1s a reddish powder msoluble 1n water
given 1n gelatin capsules or enteric coated tablets which should be reasonably
fresh The daily dose for adults 1s 0 06 gramme (] gramn) on the first day 0 12 gramme
{2 grams) on the second day and 0 I8 gramme (3 grans) on the third and the
subsequent days the drug being guen for a total of 12 days Vomuting 1s normally
controlled by Avomine 25 mulligrams thrice daily but may require a reduction in
dosage Emetine bismuth 10dide 15 best given on an empty stomach last thing at
mght with a sedative The dose for children should be proportionately smaller
(1-2 mulligrams per kilogram of body weight)

In hot humtd chimates the tablets readily deteriorate Freshly prepared capsules
release a good concentration of the drug in the small intestine the stools becoming
adark grey colour The course of 1Zdays treatment 1s given (o supplement emetine
1njections 1n acute intestinal amoebiasts or to replace them in the chronic form of
the disease With this oral treatment the toxic effects of emetine are less likely to
develop nevertheless the patient should be kept 1n bed and the pulse rate and
blood pressure recorded datly any unusual change indicating the need for electro
cardiographtc exarmination In general 1t can be said that emetine bismuth 10dide
will cure well over 50 per cent of patients with intestinal amoebasis and merely
relieve symptoms and mask the disease in the remander The drug should not be
used for cyst carrzers

The results of emetine bismuth 1odide therapy show a general umformity
Dobell et al (1918) reported that 90 per cent of carriers were cured and Manson
Bahr (1941) found a relapse rate of only 6 1 per cent after this treatment Recently
Woodruff et al (1956) confirmed these results by finding a relapse rate of approt
mately $ per cent in 220 patrents treated with emetmne bismuth 1odide alone

From these results and from general chmeal expenence we know that emetine
bismuth rodide 15 one of the most effective amoebicides However there 1s a group
of refractory cases in which emetine bismuth 10dide must be combined with antt
bacteral therapy 1n order to elimunate the amoebic fection

Conessme —This 15 an alkaloid obtamed from Indian  kurchi  bark of Holarrkena
spp and 1s given by mouth as the hydrochlonde (dosage 15-7 5 grams 3 day) oras
kurch: and bismuth jodide (5-10 grains a day for 14 days) Itissaid by certain French
workers 10 achicve results simifar and equal to those of emetine Owing fo the severe
toxic effects on the nerous system which may follow its use including the deselopment
of psychosts 1t 1s now considered that the drug should not be used
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Glaucarubim —This substance 1solated from the troptcal American plant Simaroube
glauca was found by Woodruff et al (1956) to give a relapse rate of 12 per cent in 66
patients passing vegetative or cystic amoebae n the stools The dosage used was
4 milligrams per kilogram of body weight No touc effects were obsened

Bacitracin —This antibiotic (a polypeptide) wasused by Most et al (1950) in an average
oral dosage of 80 000 umits for 5-20 days with an over all cure rate of 66 per cent
Simularly McHardy and Frye (1954) reported 31 2 per cent of failures in 205 patients
In the dosage used the drug was practically non toxic though albumenuria and urinary
casts may appear after 4 days possibly leading to tubular degeneration It 1s not
absorbed from the alimentary tract Its use alone is not warranted but i combmation
with other drugs 1t may be useful

Erythromycin —Anderson et al (1954) reported a cure in 15 out of 17 patients
Arother series reported by Anderson et al (1955) showed that 12 per cent of children
relapsed Further trials with erythromycin afone are indreated

Entanud.  (dichloroacet hydroxy methviamld ) —This was used by Woodruff
et al (1956) to treat 45 patients with cysts or vegetative forms using a dosage of 12-21
milligrams per kilogram of body weight Of 17 patients given 12 nulltgrams per kilogram
of body weight or more daily for 10 days 11 8 per cent relapsed There were no toxic
effects on this dosage The advantage of thts drug ts that it s cheap but more extensive
trials are indicated

At present the use of and alone 1s not justified
by results Anssomycin shows marked toucity

Recommended drug treatment

One can conclude from present evidence that the deal combination 1n the treat
ment of amoebiasts 15 most probably a speeific amoebicidal agent combrned with
an antibiotic The need for using multiple drugs still exists The following courses
are recommended
(1) For acute symptoms with vegetatne amoeba in the stools

Days 1-5 of emetine hydrochlonde (1 grain (0 06 daily)
together with oril chlortetracycline (2 grammesimtial dose 0 5 gramme six hourly)

Days 6-20 —E B 1 (first day 006 gramme second day 0 12 gramme and sub
sequently 0 18 gramme daily)

Days 16-36 —Diodoquin (0 6 gramme 3 times daily)
(2) For chromic attacks of disentery with vegetatuse or cyvstic forms m the stools

The same course of treatment omutting the ttial injections of emetine hydro
chlonde
(3) For the mild or sympromless patient with cysts i the stools

Days 1-30 —Diodoquin (0 6 gramme 3 trmes daily) or carbarsone (0 25 gramme
twice daily for 12 days}

General treatment

The patent should be nursed in 2 cheerful ward and encouraged to get well as
quickly as possible Intercurrent disease and vitamin deficiency should be elimin
ated The diet should be high protein igh carbohydrate and may contain mulk
Vitamums such as the B complex should be given when necessary For anaemra
ron may be required
Post dysenteric symptoms

After an attack of amoebic dysentery there may be intolerance of bulky fatty
meals out pouring of mucus in the stools abd d and
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dosage of 4-22 mulligrams per kilogram of body weight for 5-7 days Both Thio-
carbarsone and Arsthinol are well susted to large scale treatment of ambulant patients

Antibiotic therapy

Compared with conventronal methods 1n general antibiotics by themselves are
less efficient 1n the treatment of 1ntestal amoebiasts McHardy and Frye (1954)
estimated that with synthetic drugs in the pre antibiotic period up to 1945 the
recurrence rate was 7 per cent and they considered that treatment with a single
antibtotic or synthetic drug 1s much less efficient than combined chemotherapy

One of the problems 1n the use of antibiotics alone or in combination 15 that
strams of resistant bacteria especially staphylococer may develop This n turn
makes apprassal of successful treatment more difficult

The tetracyelines

All the tetracycline drugs at present 1n general use are effectine For intestnal
amoebiasis they are given as follows

Two grammes imtially then 2 grammes daily 1 divided doses as tablets or
capsules for 2t least 1 week The total dosage should be in the region of 20 grammes
They act locally 1n the large intestine as only part of the oral dose 1s absorbed
Toxic effects which with this dosage are not common are nausea vomiting
diarrhoea and pruntus ant There 1s always a danger of producing super infection
with fungi cohforms or resistant staphylococer

Chlortetracycline (Aureomy cin) —Woodruff et al (1956) found that a course of
this drug failed to clear 3 out of 6 patients of E Justol) tica cysts present in the
stools These results are dissimilar to those of McVay et al (1949) in which the
drug ehminated £ fustolytica in 33 out of 37 patients and McHardy and Frye
(1954) with 16 6 per cent of failures 1n the treatment of 697 cases

Ovitetracyclme (Terramycin) —This according to reports of truals conducted
especially in the United States of America 1s one of the most valuable drugs in the
treatment of amoebiasis Most ct al (1950) found 1t 100 per cent effective using a
dose of 2 grammes a day 1 200 patients who were followed up for a periods of
6 months Among other reports of its effectiveness 1s that of McHardy and Frye
(1954) with 8 5 per cent of falures 1n 435 cases Woodruff et al ([956) found that 2
patients relapsed out of 14 having been given a course of thts antibiotic

Tetracycline (Achromyci) —This antibiotic has an effect simuilar to oxytetra
cycline Seneca (1955) reported 19 patients cured out of 20 who were given | 5
grammes daily for § days This antibiotic still requires further trials to confirm its
efficiency tn amoebiasis

Other antbiotics

Fumagillin —This has been the subject of much research and 1s favoured by McHardy
and Frye (1954) who found a 14 per cent rate of relapse m acute amocbic dysentery
1n 119 patients They concluded that no one drug 1s always successful or a complete
amoebictde Woodruff et al (1956) treated 32 patients with 60 muthigrams of fumagillin
a day and a further 2 cases with 30 milligrams a day In 26 cases the treatment lasted
for 14 days and in the remamder for 8 days All except 7 of the 34 patients were followed
up The tovc ill-eflects mcluded skin reactions nephritts and gastric irntation Only |
relapse occurred out of the 27 patients who were followed up Anderson et al (1955)
reported a recurrence rate in 43 per cent of children treated with furnagilhin
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Glatcarubin —Thus substance 1solated from the tropical American plant Sunaroube
glauca was found by WoodrufT et al (1956) to give a relapse rate of 12 per cent in 66
patients passing vegetattve or cystic amoebae 1n the stools The dosare used was
4 mulligrams per kilogram of body weight No toxic effects were abserved

—T de¢)wasused by Mostetal (1950)in anaverage
oral dosage of 80 000 unus for 5-20 days with an over all cure rate of 66 per cent
Simidarly McHardy and Frye (1954) reporied 31 2 per cent of failures m 205 patients
In the dosage used the drug was practically non tovic though alburmmuria and uninary
casts may appear after 4 days possibly leading to tubular degeneration It 1s not
absorbed from the alimentary tract Its use alone 1s not warranted but in combination
with other drugs 1t may be useful

Erythromycin —Anderson et al (1954) reported a cure 1n 15 out of 17 patients
Another series reported by Anderson et al (1955) showed that 12 per cent of children
relapsed Further triils with erythromycin alone are indicated

Entanude (dichloroacet hydroxy metinvlamlide) —This was used by Woodruff
etal (1956) to treat 45 patients with cysts or vegetative forms using a dosage of 12-21
mulligrams per kilogram of body wesght Of |7 patients given 12 milligrams per kilogram
of body weight or more dauly for 10 days 11 8 per cent relapsed There were no toxic
effects on this dosage The advantage of this drug s that it 1s cheap but more extensive
trials are indicated

At present the e of carbomycin ansomycint and neomycin alone 1s not justified
by results Anrsomyctn shows marked toxicity

Recommended drug treatment

One can conclude from present evidence that the ideal combination in the treat
ment of 15 most probably a specific bicrdal agent with
an antibiotic The need for using multiple drugs still exists The following courses
are recommended
(1) For acute symptoms with vegeratne amocba n the stools

Days 1-5 of emetine de (1 gramn (006 gramme) daly)
together with oral chlortetracychine (2 grammes tnitial dose 0 5 gramme stx hourly)

Days 6-20 —E B (first day 0 06 gramme second day 0 12 gramme and sub
sequently 0 18 gramme daily)

Days 16-36 —Diodoquin (0 6 gramme 3 tumes daily)
(2) For chrontc attacks of disentery with vegetative or cystic forms m the stoals

The same course of treatment omitting the imtial injections of emetine hydro
chlonide
(3) For the muld or ssmptomless paticnt with ¢yvsts n the stools

Days 1-30 —Diodoquin (0 6 gramme 3 times dauly) or carbarsone (0 25 gramme
twice daily for 12 days)
General treatment

The patient should be nursed in a cheerful ward and encouraged to get well as
quickly as possible Intercurrent disease and vitamin defictency should be elimin
ated The diet should be hih protein high carbohydrate and may contain milk
Vitamuns such as the B cnmp]c'( should be given when necessary For anaemia
1ron may be required

Post dysenteric symptoms

After an attack of amoebic dysentery there may be mtolerance of bulky rally
meals out pouring of mucus in the stools and
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dosage of 4-22 mulligrams per ktlogram of body weight for 5-7 days Both Thio
carbarsone and Arsthinol are well suited to large scale treatment of ambulant patients

Antibiotic therapy

Compred with conventional methods 1n general antibiotics by themselves are
less efficient 1n the treatment of intestinal amoebiasis McHardy and Frye (1954)
estimated that with synthetic drugs in the pre antibrotic period up to 1945 the
recurrence rate was 7 per cent and they considered that treatment with a single
antibiotic or synthetic drug 15 much less efficient than combined chemotherapy

One of the problems in the use of antibiotics alone or 1n combination 1s that
strams of resistant bactena especially staphylococct may develop This in turn
makes appraisal of successful treatment more difficutt

The tetracyclines

All the tetracycline drugs at present 1n general use are effective For intestinal
amoebasis they are given as follows

Two grammes mitrally then 2 grammes daily i divided doses as tablets or
capsules for 1t least | week The total dosage should be 1n the region of 20 grammes
They act locally 1n the large intestine as only part of the oral dose 1s absorbed
Toxic effects which with this dosage are not common are nausea vomiting
diarrhoea and pruritus ani There 15 always a danger of producing super nfection
with fungy coliforms or resistant staphylococc

Chlortetracycline (Aureomy cin) —Woodruff et al (1956) found that a course of
this drug failed to clear 3 out of 6 patients of £ fustolstica cysts present n the
stools These results are disstmslar to those of McVay et al (1949) m which the
drug eliminated £ fustoh tica m 33 out of 37 patients and McHardy and Frye
(1954) with 16 6 per cent of failures in the treatment of 697 cases

Oxytetracycline (Terramycm) —This according to reports of trials conducted
especially 1n the United States of America 15 one of the most valuable drugs n the
treatment of amoebiasis Most et at (1950) found it 100 per cent effective using a
dose of 2 grammes a day 1n 200 patients who were followed up for a periods of
6 months Among other reports of 1ts effectiveness 1s that of McHardy and Frye
(1954) with 8 5 per cent of failures 1n 435 cases Woodruff et al (1956) found that 2
patients relapsed out of 14 having been given a course of this antibtotic

Tetracvchine (Achromycin) —This antibiotic has an effect similar to oxytetra
cychne Seneca (1955) reported 19 patients cured out of 20 who were gnen 15
grammes dailv for 8 davs This antibiotic still requires further tnals to confirm its
efficiency 1n amoebiasis

Other antibiotics

Fumaoillin — This has been the subject of much research and 1s favoured by McHardv
and Frye (1954) who found a 14 per cent rate of relapse 1n acute amoebic dysentery
i 119 pattents They concluded that no one drug 1s atways successful or 2 complete
amoebicide Woodruff et al {1956) treated 32 patients with 60 mlligrams of fumagillin
a day and a further 2 cases with 30 nulligrams a day In 26 cases the treatment lasted
for 14 days and 1n the remainder for 8 days Al except 7 of the 34 patients were followed
up The toxic ill-effects mcluded skn reactions nephnitts and gastric irntation Onty 1
relapse occurred out of the 27 patients who were followed up Anderson et al (1955)
reported a recurrence rate in 43 per cent of children treated with fumagillin
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Glaucarubin —This substance 1solated from the tropical American plant Stmaroube
glauca was found by Woodruff et al (1956) to grve a relapse rate of 12 per cent m 66
patients passing vegetative or cystic amoebae m the stools The dosage used was
4 milbgrams per kilogram of body weight No toxic eflects were observed

Bacirracin —Thisantibiotic (2 polypeptide) was used by Most et al (1950) m an average
oral dosage of 80 000 units for 5-20 days with an over all cure rate of 66 per cent
Similarly McHardy and Frye (1954) reported 31 2 per cent of failures in 205 patients
In the dosaee used the drug was practically non toxic though albuminunia and urmary
casts may appear after 4 days possibly leading to tubular degeneration lt 1s not
absorbed from the alimentary tract Its use alone 1s not warranted but in combination
with other drugs 1t may be useful

Erythronn.cin —Anderson et al (1954) reported a cure 1n 15 out of 17 patients
Another senies reported by Anderson et al (1955) showed that 12 per cent of children
relapsed Further tr1als with erythromycin alone are indicated

Entamude  (dichloroacet hydroxy methylanthde) —This was used by Woodruff
et al (1956) to treat 45 patients with cysts or vegetative forms using a dosage of 12-21
mifligrams per kilogram of body weight Of 17 patients given 12 milbgrams por kilogram
of body weight or more daly for 10 days 11 8 per cent relapsed There were no touc
effects on this dosage The advantage of this drug 1s that 1t 1s cheap  but more extensive
tnals are dicated.

At present the use of and alone 1s not Justified
by results Anisomyein shows marked toxtity

Recommended drug, treatment

One can conclude from present evidence that the ideal combenation tn the treat
ment of amoehasis 1s most probably a specific amoebictdal agent combined with
an antibiotic The need for using multsple drugs still exists The following courses
are recommended
(1) For acute symptoms with vegetatne amoeba i the stools

Days 1-5 —Injections of emetine hydrochlonde (1 grain (0 06 gramme) daily)
together with oral chlortetracycline (2 grammes 1nitial dose 0 5 gramme six hourly)

Days 6-20 —E B 1 (first day 0 06 gramme second day 0 12 gramme and sub
sequently 0 18 gramme daily)

Days 16-36 —Diodogquin (0 6 gramme 3 times daily)
(2) For chromie attacks of dysentery with vegetatnse or cystic forms i the stools

The same course of treatment omitting the 1mitial ingections of emetine hydro
chlonde
(3) For the nuld or symptomless patrent with c3sts i the stools

Days 1-30 —Diodoquin (0 6 gramme 3 times daily) or carbarsone (0 25 gramme
twice daily for 12 days)
Ceneral treatment

The patient should be nursed m a cheerful ward and encouraged to get well as
quickly as possible [ntercurrent disease and vitamin deficiency should be ehmin
ated The diet should be high protemn high carbohydrate and may contain milk
Vitamins such as the B complex should be gisen when necessary For anaemia
iron may be required
Post dysenteric symptoms

After an atinch of amoebic dysentery
meals out pouring of mucus in the stools
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These symptoms clear up after months or years Following treatment the criteria
of cure should as far as posstble be dardized and include 10n of at
least 6 sp of stools sigmoidoscopy and 1f necessary a banum enema

HepaTic AMOEBIASIS

Metastatic nvolvement spectally of the lIiver may occur months or years after an
attack of intestinal amoebrasis This may be difficult to diagnose especially when
there 15 no evidence of the ongtnal intestinal infection

The miliary areas of necrosis coalesce or grow larger forming one or more
abscesses In these the vegetative amoebae flourish without secondary bacternl
infection which 1s present mn only a small percentage of such cases

‘When the lesion 1s 1n the upper part of the night liver lobe symptoms are assoct
ated with signs of congestton collapse or effuston 4t the rght base When the
abscess 15 in the lower part of the right lobe the symptoms and signs are pre
dominantly abdomual If the left lobe of the liver 1s affected swelhng in the
epigastrium may be found

Repeated stool exammation reveals the presence of £ fustol)tica 1n not more
than 50 per cent of such patients Bestdes an increased total Jeucocyte count a
raised sedimentation rate 1s suggesttve of rver involvement Radiological evidence
of a localized bulging or rased night draphragm showng limuted or paradoxical
movements provides confirmatory evidence of this complication A small pleural
effuston may be present The finding of typtcal amoebic pus on exploratory punc
ture may be necessary to confirm the diagnosis More often the use of emetine or
chloroquine may be required as a therapeutic test The use of these drugs may be
Iife saving but an enlarged [rver in the tropics does not necessanly imply amoebuasis
The complement fixttion test may be useful 1n obscure cases

Most patients with pulmonary amoebiasts show lestons which have spread from
the right lobe of the liver but on rare occastons localized or diffuse shadows
which disappear with treatment are seen radiologically 1a otter parts of the lung
fields Other remote sites like the brain are of extremely unusual occurrence Very
rarely dermal amoebrasis results from localized spread around an abdominal
wound a colostomy opening haemorrhoids or an anal fissure

General management and drug therapy

Emetine hydrochloride

General treatment includes suntable diet warmth and rest 1 bed especrally
when emetine 1s being given OF the drugs available emetine hydrochloride 1s still
preferred The dose 1s 1 grain daily for 10-12 days adminsstered by sntramuscular
or deep subcutaneous injection

Chloroquine
The anti malanal drugs chloroquine diphosphate (Aralen) and chloroquine
disulphate (Nnvaguine) both quinolime derivatives are 1y effective 1n hepatic

amoebiasis because they are concentrated 500-600 times in the hver Conan

(1948) carrted out the first chmeal trial Murgatroyd and hent (1948) demonstrated

the effectiveness of chloroquine in a patient with a sinus leading to a liver abscess
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E Iustoly tica disappeared from the discharging pus and the sinus healed by the
twelfth day Recent experience confirms these findings

Recommended drug tseatment
Days 1~ 2 Chioroquine (0 3 gramme (base) three times daily)
Days 3-21 Chloroquime (0 15 gramme (base) three times daily}
Days 12 21 Ingections of emetine hydrochloride (0 06 gramme) daily
Days 22-42  Diwodoquin {0 6 gramme three times daily) to clear up any associated
intestinal infectton

Antibioties —When secondary bacterial infection 1s present either pencillin
with streptomycin one of the tetracychines or erythromycin stearate may also be
required Ths last named drug 15 concentrated m the liver 3-4 times more than in
other parts of the body Anderson et al (1955) reported successes in hepatic
amoebiasis with erythromyein stearate alone in 28 out of 36 cases and Nelson
etal (1955) had only 8 failures 1n 28 patients treated with this antibiotic

Operative treatment

When operai 15 1nd; d—for example when a large abscess 15
present or there has been failure to respond to chemotherapy alone—emetine
hydrochlonde or chloroquine cover must first be given The use of exploratory
puncture with a large bore needle 1nserted on the nght side mto the pont of
maximum tenderness or into the seventh or eighth intercostal space 1s preferable
to open or closed dramage which however 1s always necessary when a transpers
toneal approach 18 required to drain the abscess

Cniteria of cure

Absence of symptoms the return of the liver to normal size with disappearance
of tenderness and a normal erythrocyte sedimentation rate indicate that the
amoebic infection 15 no longer active As with intestinal infection the tendency to
latency and relapse 1s present 1n hepatic amoebiasis It 15 generally agreed that all
cases should have a course of for \ t whether or not
there 15 evidence of mnfection of the colon

GIARDIASIS
Guardia intestinalis a common flagellate of man and amimals lives 1n the small
ntestime and may be found d with b t1s

d capable of
caustng mechanical rrntation and tnterfering with the absorption of fats diarrhoea

and cholecystitis occur in some patients Nevertheless the aetiological relationship
of Giardia to these canditans 1s still lacking Diagnosss 15 made by the finding of
this flagellate (or 1ts cystic form) 1n the stools

‘Treatment

Mepacnine hydrochlonde (Atebrin Quinacrine) 1n a dosage of 0 1 gramme
three times daily 1s specific for this fection and elimnates 1t from the stools in
3-5days Nevertheless 1t has been observed that symptoms may continue following
this treatment
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HELMINTHIC INFECTIONS
CESTODFS
Taemasis

Taenma 1 not ly ed 1n the Umted Kingdom The
worm ¢in inhabit the alimentary tract without producing symptoms on the
other hand 1t may produce digestive disturbance diarrhoea and loss of weight
anaemia and eosmophilia may be present The dragnosis 15 made by the 1dentifica
tion of segments 1n the patient s stools

Treatment
Treatment with esther filix mas or mepacnine 1s satisfactory
Fili< mas —The following routine recommended by Asher (1953) produces good
results On admussion to hospital the patrent ss given a hquid diet for 3 days Mist atba
4 ounce 1s given each moming and must cascara § ounce each night On the fourth
day nothtng 1s gtven by mouth except the following
7am 1 ounce mist alba
8 am Extractum filicis (10 munmms) 1n a capsule repeated at 15 mnute
intervals until a total of 8 doses has been administered
1130am A warmsalme enema is given and the head of the tape worm ss usvally
passed
1230 pm  Another enema 1s admunistered 1if the head of the worm has not been
passed
All stools must be kept unttl the head has been found and 1dentified

The above regime must be modified for children A semt solid Jow fat diet 1s
given during the first 3 days and purgatives reduced according to age The total
number of doses should be reduced from 8 to 2 and both doses of filix mas should
be 1 munim per year of age

Towc symptoms include nausea vomuting colic cramps yellow vision temporary
blindness jaundice convulsions and albuminuna

The drug should not be admenistered in the presence of cardiac hepatic or renal
disease Permanent blindness and death have been reported but with the recom
mended doses the above procedure 1s safe

Mepacrine Indrochloride (Atebrin Quinacrine) —After starvation a single dose
of 1 gramme mepacrine hydrochloride followed 2 hours later by a saline purge 1§
effective The routine recommended by Sodeman and Jung (1952) gives good results
On the day before treatment only a mulk diet with a Jarge dose of castor ail or

hate 1s ad d On the next morning a saline enema 1S
followed 1 hour later by 0 6 0 8 gramme of mepacrine hydrochlonide two 9}
gramme tablets being given each 5 minutes together with 0 6 gramme of sodium
bicarbonate sn a httle water A large dose of magnesium sulphate 1s given 2-4
hours later and food 1s withheld until the bowels have moved The appearance
of the head may be delayed for some days Mepacnine 1s not recommended for
children under the age of 8 years The tovic symptoms are niusea vomiung and
rarely some mental disorientation

Taema solum (pork tape worm)
The distribution of T softunt 1s world wide though in Great Britamn 1 1s now
rarely encountered Diagnosts depends on finding segments of the worm 1n the
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facces The importance of this worm ss that man may act as an mtermediate host
with cystic larvae being secondary throughout the muscles and bratn and giving
rse to somatic cysticercosis The presence of cysticercosis 1s confirmed radio
Togically by the appearance of calcified cysts in voluntary muscles and occasionally
1n the white matter of the brain

Treatment for intestinal wnfestation with the tape worm 1s the same as for T
solum There 1s no satisfactory treatment for cysticercosts The main symptom
epilepsy should be treated along the usual lines

Diphyllobothrium latum (fish tape worm)

Thus parasite 15 very rare in Great Brtan The chinscal symptoms are similar to
those of T sagmata but occastonally adequate absorption of vitamn B, 1s pre
vented and macrocytic anagma may result Treatment for this intestinal infestation
1s the same as described for 7° sagmata In the presence of macrocytic anaerma
vitamm B, should be given for some weeks

Echmococcus granulosus (dog tape worm)

This small tape worm 1s found 1 countries where man lives in close contact with
dogs and sheep The adult worm does not affect man but the cystic larvae deposited
1n tissues cause hydatid disease The cysts may give ise to symptoms may rupture
or become secondarnly infected Liver lungs and occasionally bones brain or
kedneys are effected

There 15 no medical treatment for hydatd disease Pemcillin 15 mdicated for
secondary infection Aspiration should not be attempted m view of the danger of
dissemunation Complete surgieal removal 1s indicated 1f practicable but only 1n
the presence of severe symptoms There 1s a real danger of spreading the infection
at operation and in many cases the best solution to this problem s marsupializa
tion by stitching to the abdominal wall thus allowing the cysts to dram externally

and finally heal by granulation The wound should be washed out with weak
formalim

NEMATODES
Ancylostomiasis (hook worm)

Ancylostoma duodcnale and Necator americanus have 2 wide distnbution especially
n the tropics In Europe this mfestation 15 found 1n southern countries especially
Italy and wn persons returning from abroad It causes few 1f any symptoms 1n
healthy adults on a good muixed diet It can however be a sertous chronic disease
characterized by chronic blood loss often resuling yn severe anaemia diarrhoea
abdomunal pamn flatulence and general debility

Oedema s with severe and death from anaemia
15 not uncommon i children The microcytic anaemia and eostmophilia will
draw attentron to the need for microscopic examination of the stools when the
charactenstic eggs will be found

When the anaemia 1s of a severe grade toxic anti helminthic drugs should be
avouded untl the patient s anaemia has been adequately treated Carbon tetra
chlonide has now been replaced by hl which 1s the of
choice
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Treatment

Tetrachlorethylene —For two days prior to therapy the patient should recenve a
light fat free dret and avoid alcohol A saline purge (adults sodium sulphate 1-2
ounces) 1s then gwen at pight and the tetrachlorcthylene taken on an empty stomach the
following morning On the day of treatment the patient must remain 1 bed recene a
further saline purge 2 hours after taking the drug and have no food until the bowels
have been well opened

The adult dose of tetrachlorethylene ts 4 mullilitres (0 2 mullthitre per year of age for
children) It 1s swallowed in capsules Except m the presence of alcohol or fats absorp
tion 1s very slight and toxic effects are Iimited to transtent headache and vertigo

Ol of chenopodium —This may be combined with tetrachlorethylene but 1t 1s much
more toxic and may cause headache dizziness blurnng of vision paraesthestae cir
culatory collapse and kidney or liver damage The above routine 1s carried out but
gelatin capsules 27 of h with 03 millilitre of
otl of chenopodium are used instead of the tetrachlorethylene by itself Oul of cheno
podium 1s contra ndicated m cardiac renal or hepatic disease peptic ulceration
pregnancy and childhood Its use should be confined to treating patients who have
relapsed after utial therapy with tetrachlorethylene alone when the combrned treat
ment may be given after one week

Hexylresorcmol —Thus 1s only moderately effective against hook worms and should
be given 1 muxed infestations with Ascaris lumbricoides before tetrachlorethylene 1
employed as the latter drug tends to encourage the formation of obstructive bolt of
round worms Details of treatment are described below Occasionally in very severely
anaemic patients blood transfusion should be given before ant: helmmnthic therapy 15
started

The stools should be re-examtned for ova at the fourth and twelfth weeks after treat
ment

Ascanasis (round worm)

Ascans imbricoidis the round worm a common parasite m childhood usually
causes few symptoms [t ts found 1n all parts of the world Larvae 1n the circulation
or lungs may cause fever urticaria eosinophiia haemoptysis or eosmnophul
pneumoma The symptoms due to the presence of adult intestrmal worms are
colic vomiting disturbances of appetite and occastonally appendieitis or obstruc
tion Diagnosis 1s made by 1denttfication of worms or eggs 1n the facces or by the
presence of larvae i the sputum

Treatment

Hexy Iresorcinol —This drug 1s the treatment of choice for adults It 1s admmstered
in gelatin-coated capsules each contaming 02 gramme The dose for adults 15 1
gramme (children aged 9-11 years 06 gramme those between 12 and 14 years
08 gramme) grven on an empty stomach A saline purge on the previous evening 1§
advisable but sodium sulphate (16 grammes) should be given 2 hours after treatment
and fasting should be continued for another 2-3 hours

The drug 1s relatively non toxic Some gastro intestinal trmtation may follow and if
the capsules are chewed ulceration of the buccal mucous membrane may occur This
makes 1t unsuitable for young children for whom piperazine citrate Is preferable
Patients may remain ambulatory during therapy which should be repeated m 4 days
1f the best results are to be obtamed

Pipera e salts —These substances are non toxic are not absorbed to any extent
have a wide margin of safety They possess marked activity 1n ascartasis
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Piperazmne citrate may be given as a syrup (500 mulhigrams per drachm) The quantity
for an adult 1s a smgle dose of 3 grammes Just before the everung meal 1t may also be
given as tablets No starvation or purgation is necessary Other salts suchas the tartrate
adipate and hydrate are also used The dose for children 15 given below

Diethylcarbama e (Banocide Hetrazan) —This 13 more toxic than piperazine
citrate Its use m ascarsasis 15 liable to cause towc effects such as headache vertigo
vomiting and allergic skin reactions Anti histamine drugs may be used to lessen these

de-effects Santonin 15 less effective and more toxic than the above
remedies

Ascaris pneumonia should be treated symptomatically It 1s wise to give an anti
biotic m view of the likelihood of secondary bactenial mfection

Strongyloidiasis

Thus rare infection caused by Strong) loides stercorahs was seen m pnisoners from
the Far East after World War 11 Auto infection 15 believed to oceur because the
nfection has been reported to persist for more than 20 years Diagnosis 15 made by
finding the ch 1stic larvae on stool At present there 15 no effec
tive treatment though Anthiomaline by mjection and genttan violet by mouth
have been used without much success

Enterobiasis

b laris 15 the of worms found s European children
The marm symptom pruritus ant which may be intolerable and give fise to scratch
g 1s most important because of auto mfectton Heavy infections in chuldren may
be associated with anorexia and colic The diagnosis can be confirmed by identifymng
eggs 1n swabbings or scrapings from the pers anal shin

Treatment

Piperazmne citrate — White and Standen (1953} found this compound to be most
efficzent m the treatment of enterobiasis A dose of 50~75 milbgrams per krlogram of
body wesght daily for 7 days and the course repeated after a rest period of 7 days
Nesther starvation nor purgation s necessary The ptperazine Citrate 1s made up as a
pleasant tasting syrup (Antepar Elrar) so that the treatment 1s especially swtable for
children

Oxytetracychine (Terramycin) —This antibiotic 15 also very effective A single dose of
2 grammes (1 5 grammes mn children aged 5-10 years 1 gramme 1 children under the
age of 5 years) 1s given for 7 consecuttve days 1t may cause gastro infestinal arritation

An anti histamne cream should be applied if excoriated lestans are present n the
anal area

It 15 essential to do everything possible to discourage anal scratching the fingernails
should be cut short and scrubbed conscientiously before meals cotton gloves shoutd
be worn at ight Hexylresorcinol Diphenan gentian violet capsules or quassia enemas
are no Jonger indicated

Tochimasis

Trichmella spirahs a small nematode parasite of the rat and pig 1s occastonally
canveyed to man by eating infected pork and1s usually confined to damp chmates
Within 24 hours of infistation diarrhoea and vomiting may occur The symptoms of
pert orbutal cedema mtense musculas pams pyrevia eosinophihix and occasionally
myocarditis and menmgitts appear after about 10 days
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Treatment

If the diagnosss 15 suspected m the gastro intestinal stage tetrachlorethylene should
be given at once m the dosage recommended for hook worm and followed by 2 saline
purge Once symptoms of tissue mfection have occurred httle effect 1s hikely to follow
anthelmntic measures Recently on the assumption that an antigen antibody reaction
was an important factor i producing these symptoms ACTH has been given with
encouraging results and 1t appears that this drug (or cortisone) in normal full doses
1s well worthy of a trial

Chemotheraphy has not been encouraging

TREMATODES

Sclustosomiasis

Thus chronic disease 1s rarely diagnosed before the infection has become localized
i the large intestine (or bladder) by which time ova will be found on stool or urme
examination Sigmoidoscopy may reveal the presence of chronic ulceration of the
colon with or without polyps and rectal bropsy may reveal the presence of charac
tensstic tubercles contamning ova Eosinophtha s marked and complement fixation
and intradermal tests are usually positne

Treatment

Lucanthone Indrochloride (hilodn Miracil D) —This drug was developed by the
Germans during World War II and 1s one of the most active thioxanthone com
pounds It 1s given by mouth 1n tablet form and can produce such ill effects as
gastro 1ntestinal rritation insomma  and reddish brown discoloratton to the
palms and soles The drug can be extracted from the urine which 1s yellow The
daily adult dose 15 1-2 grammes 1n divided doses for 3-5 days Anorexia nausea
and vomutmg are usually controlled by the admimistration of 1 gran of pheno
barbitone (60 milligrams) twice datly and only 11 ared
i dosage In testinal sch (usually mansoni or §
Japomrcum) 1t 1s less effective than in the unnary form of the disease symptoms
being alleviated with a low rate of cure

Potassim or sodwm antimom tartrate —When given intravenously these are
still the most effective drugs 1n ntestinal schistosomisss The sodium 1s Jess toxic
than the potasstum salt but both are tissue irritants Toxic effects are vormiting
salnation a metallic taste cough and bradycardia The mjection should be given
slowly on an empty stomach They are cardiac depressants and severe hypotension
may follow so that the patient should lie down for the imjection Occasionally
exfoliative dermatitis may occur which 1s an indication for BAL therapy A course
of antimony tartrate consists of 12 1l 18 (30 grains)
The mital adult dose 1s 30 milligrams (4 gramn) the second 60 mulligrams (1
gramn) the third 90 milligrams (1} grains) and subsequently 120 mulligrams
(2 grains) may be given (The full dose for children 1s 2 milligrams per kilogram of
body weght } Reactions necessitate reduction n dosage and longer spacing of
jecttons

Two other trnvalent antimony preparations soditm antimony gluconate
(Triostam) given ly and y hithtum tf late (Anth linc}
gnven intramuscularly  are rather less effective than the foregotng Antimony

preparitions
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ANATOMICAL TYPES—TOPOGRAPHICAL LOCALIZATION

which may be d d as rectal and d or left colon 1n type are
actually examples of superficial involvement of the entire colon

The ordinary distal type

A common varicty the ordinary distal type 1s charactenzed by 1nvolvement of
the rectum usually with extenston proximally for a vanable distance to nvolve
contiguous parts of the colon not rarely the entire colon Ninety three per cent
of 2 000 cases reviewed by Sloan et al (1953) were so labelled Erghty five per cent
of 182 cases 1n the Graduate Hospttal material belonged in this category (Table 1)

TABLE 1
ANATOMICAL TYPES—TOPOGRAPHICAL LOCALIZATION
O drary distal Regional or segmental
{rectum alnars) trectum never) Enterocolitis
Rectum or rectum and Continuous imvolvement Contimuous snvolvement 1leum
SIEMOK and part of colon
Left colon Skap areas Skip_areas in small intestne
colon or both
Whole colonfoccasional back

TABLE I
TOPOGRAPHICAL DISTRIBUTION —
182 CASES

No of

co i |Percentoge
Rectum

rectum and sigmoid 27 148

Left colon 39 214
Entire colon 88 434
Regronal (scgmental) 11 61
Enterocolitis 17 95

S fdse M 1 whe fitse tG d U H ptl

Rectum or rectun and sigmoid (R RS)

This sub group ordinanly comprises a large number of patients with ulcerative
colitis who are ambulatery and who may never require hospitalization or at least
not until Iate in the course of the disease Most often the illness 1s afebrile drarrhoea
not too severe and bleeding only slight Commonly attacks tend to be self limited
(4-16 weeks) In some instances a course characterized by mild recurrences every
6-24 months may continue for years or even throughout life However 3 more
severe or even an acute fulminating relapse may occur at any ttme Obyiously
not many of these very mild cases are included 1n this hospital series A review of
office or out patient records would reveal a great number of these mild cases with
nvolvement confined to the rectum or rectum and sigmoid

In the hospital senies only 14 8 per cent of cases had involvement confined to
the rectum or rectum and sigmoid (Table II) Approumately 80 per cent of
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CHAPTER 19
ULCERATIVE COLITIS

I CLASSIFICATION OF TYPES CLINICAL BEHAVIOUR
LIFE HISTORY PROGNOSIS

H L Bockus J L A Rotn E BucumaN aNp M KaLsER

THIS chapter deals with chinical behaviour patterns 1n so called non specific
ulcerative colitts  We have drawn freely upon the statstical analysis of case
records (1927-53) from the Gastroenterologic Service Graduate Hospital
University of Pennsylvama presented at the International Congress of Gastro
enterology London July 18-21 (Bockus et 2l  1956)

Percentages given wn relation to classification of types are dentved from an
analysis of 182 well documented cases figures quoted 1n relation to clinical
behaviour and prognosts refer to the analyses of 125 case records of patients
followed for more than 3 years In the latter group the duration of disease prior to
our first study was from 3 weeks to 35 years averagmng 5 years The duration of
follow up (personal) subsequent to our mitial studtes was from 3 to 25 years averag
ng 6 years It must be realized that percentages given here which deal with chinical
behaviour patterns need for operation and prognosts do not represent 2 fair
cross section of the chinical behaviour or sevenity of ulcerative colttts as 1t 15 seen
throughout the United States of Amersca In the Graduate Hospital series the
disease was usually far advanced However 1t 1s likely that our clinical matenal
may be compared farrly with that of other metropolitan teaching hospitals m the
north eastern and north central parts of the United States of America

For many years 1t has been our practice to attempt to classify cases of ulcerattve
colitss according to certain topographical and chmcal types It has seemed possible
that the chimcal behaviour life history and prognosis of the disease may to some
extent be influenced by the specific anatomrcal type or clinical vanety or both
at the time of onset Obviously many features are common to all variettes and
eventually 1n many instances the terminal stages may be the same

ANATOMICAL TYPES—TOPOGRAPHICAL LOCALIZATION

The 1 or topographucal classifi 1s given i Table I Any attempt at
classification based on the imuial site of volvement presents some difficulty In
many patients the disease process may have spread beyond the imitial site of in
volvement prior to the time of an onginal classification A designatton of type 1f
made by the chmctan must be based upon sigmoidoscopy and radiology One can
be relatively certain concerning the presence or absence of disease of the rectum
and low sigmord since active inflammation 1n that area 1s easily visuahized through
the sigmotdoscope However superficial mucosal changes at ugher levels in the
colon may fail to give rise to defimtive radiologreal signs It 1s difficult to know
how often vadiological findings are negative or equivocal when the inflammation
1s superficial but nevertheless defimte Consequently tt 1s Iikely that some cases
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ulcerative colitts 1n association with chronic inflammation of some part of the
small intestine usually the leum and which 1s pathologically 1dentical with non
specific regional ententis

In other nstances when true ulcerative colitis 15 assoctated with some mnflamma
tory changes in the termunal inches of the ileum but the tleal mvolvement lacks
the striking lymph character of the true non
specific enteritis the destignation ordinary uleerative colttis with back wash
may be employed We agree with the opinion expressed by Warren et al (1959)
that thus Iatter type of 1leal involvement accompanying ordinary chromc ulcerative
colitis can usually be differentiated from the ileal lesion of primary entenitis
Unfortunately there seems to be no pathological difference 1n the character of the
colomic leston whether 1t be pure ulcerative colitis o¢ the colitis accompanying
some tnstances of reglonal enteritts here designated as enterocolitis Tt 1s
tmpartant to keep in mind that 1n true enterocolitis the ulcerative mvolvement of
the colon seldom extends 1nto the rectum or low sigmord whereas 1n so called
back wash tlestis the rectum indeed the entire colon 1s almost always involved
The sub varreties of enterocolitss are listed 1n Table 1

‘We have been rather surprised to note the high incidence of involvement of the
1leum n ordinary ulcerative colitis reported 1n ihe hterature for example 28 per
cent of 103 cases reported from the Mayo Chn ¢ by McCready et al (1949) It
was mentioned that the type of pathology of the ileum in these cases resembled
more the morphol 1 ch of coliis than that of regional en
teritis For this reason it 1s assumed that many of the cases reported by McCready
and his colleagues were probably instances of chronic ulcerative colitis with
so called back wash

In our matertal there were only 4 1nstances with radiological evidence of striking
back wash 1n the series of 61 patients with involvement of the entire colon (6 6 per
cent) Thesdesighation of back washileitis d from true \!
has clinical 1mportance since one rarely 1f ever sees a recurrence of ileitis after
colectomy performed for ordinary ulcerative colitts with or without back wash
whereas the recurrence rate after operation for true enterocolitis 1n our patients
1s m the neighbourhood of 50 per cent within 5 years There are 17 mstances of true
enterocoliis 1n vur entire group of 182 cases or 9 5 per cent {Table 1T}

Longitudmal spread

Formerly 1t was thought that extension or progression of the disease n this
way was not rare Some recent reports however suggest that longitudinal spread
of the disease 1s really not so common In the report of Sloan et al (1953) pro
gression in the extent of Iongitudinal involvement was recorded tn only 9 2 per cent
of cases Excluding those patients who already had involvement of the entire
colon when first examined by us there were 62 cases 1n which longitudinal spread
was possible during the period of follow up of 3 years or more Thurty of these
(47 per cent) showed radiological evidence of spread The d
of longrtudinal spread 1n relation to the varsous mutial anatomical types 1s given
in Table 11T Longitudinal spread 15 mfrequent in topographical types uch as
enterocolitis and regional coliis The less frequent occurrence of longitudinal
spread 1 these o called sepmental types of ulcerative colitrs closely simulates the
behaviour of regional enterttss where longitudinal spread 15 very unusual
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patients 1t this R RS group were 1 d as of the and
relapsing  clhinical vanety of ulcerative colitis There were no examples of the
acute fulminating variety of ulcerative colttis 1n this sub group R RS

Left colon

All nstances of ordinary distal colitis with colonic nvolvement extending
proximal to the diseased rectum and sigmoid but distal to the hepatic flexure are
mcluded in the category eff colon (21 per cent) The chintcal type of disease most
often seen 1n patients with 1nvolvement of only the left colon 1s the remitting
variety In our experience there are very few mnstances of the acute fulmenating
orof the chromc continuous  types of disease 1n the topographical type feft cofon
We experienced no medtcal deaths 1n this sub group

Entire colon

The entire colon may become mnvolved in two ways In the acute fulmunating
type of ulcerative coliis often the entire colon 1s affected at the time of onset If
remisston does not take place then the process may continue tosmoulderas chronic
diffuse tnflammation of the entire colon In the non fulminating variety cases are
observed 1n whtch the primary 1nsult 1s to the rectum or rectum and sigmoid
With subsequent attacks more and mote of the colon becomes affected unul
eventually the entire colon 1s involved This has been referred to as longitudinal
spread (see belon)

In this analysis of hospital material the percentage of cases listed under the
category of entire colon includes only those tn which the entire colon was diseased
at the time of 1mnial study In the group of 182 cases 88 had such imvolsement
(48 per cent of the entire group) This figure clearly indicates the great number of
patients with far advanced disease in our sertes Ten of the 23 deaths occurnng
in the 125 cases with long follow up were examples of this topographical sub
group (entire colon) Surgical treatment was applied eventually in approumately
60 per cent of this group There was a hugher tncrdence of the  chronic continuous
climical type of disease m patients with mvolvement of the entire colon than 1
any other topographical variety except for type enterocolitis

The regional or segmental type

The designation  regional or segmental type 1s used for those cases 1n which
some part of the colon but not the rectum 1s involved (6 1 per cent) The area of
imolvement may be a long or short continuous segment of 1t may be two or
more separate areas of involvement with a segment of uminvolved bowel interven
mg Regional or segmental colitis may be quite severe and associated with a
relatively high incidence of complications particularly of the systemuc variety
(Table XI)

Enterocohitis
Confuston exsts concerning the relative frequency and sigmficance of involve
ment of the small bowel and particulasly the 1leum 1n ulcerative cohiis Ve do not
mclude rnstances of charactenstc regronal ententis combined with ulcerative
coliis under the heading of ordinary ulcerative colitis Such cases are designated
enterocohtis @ disease which shows the typical pathological charactenistics of
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CLASSIFICATION OF CLINICAL TYPES

TABLE V
CLASSIFICATION OF CLINTCAL TYPES

Common type with remissions
and exacerbatons

{a) Mild vartety Site of involvement commonly rectum and above
Clinical course often mild afebrily
Duration of attack after 4-17 weeks (self limited}

(b) Severe ‘anety (fever | With complete remisston of symptoms and complete resolution
toxaema blood loss) of leston or
With complete or almost complete remusston of symptoms but
of activity by ((a) and (b} types
may merge tnto chronc continuous type or acute fulminating
exacerbation)

Chromc continuous type May be relatively mild without fever
Continuous symptoms without | Al grades of seventy (fluctuating often)
remisston  Jor 6 months or | Usually by of colon

y
longer with increasing fibrosts
(Site of inyolvement com | Complications common

monly rectum and above | Irteversible changes esentually occur
Entire ¢olon eventually | Surgery usually required
mvolved)

Acute fulmnating variety Entire colont usually invohed—deep large ulcers

Characterized by fever severe toxaemta  frequently great
blood loss with symptoms and signs often of impending
perforation or bowel obstruction

our eatire study group were of the remutting vacety Usually the reason for
recurrence or for the inttial attack 1s not obvious In many 1nstances emotional
trauma may have played a role We are confident that because of previous studies
1n the Graduate Hospital Clinic d ted 1 fi have import
ance 1n the life history and behaviour of thus disease (Mahoney et al  1949)
Respiratory infection oceurred 1n assocration with a relapse 1n a number of patients
Other types of stress such as surgical operation and pregnancy seemed to have
been provocative 1n a few others The role of allergy as a significant provocative
factor could not be established 1n our patients with advanced ulceratnve colitis

We have been interested 1n attempting to draw some conclusions concermng the
possible effect of the vanous therapeutic plans that have been used through the
years on reducing the duration of attacks or in preventing recurrences jp these
patients with remussions and relapses It 1s our impression that the type of therapy
employed has not played a dominant role in determuining the duration of attacks
or in preventing recurrences In many of our patients who were experiencing mild
recurrent agtacks the episodic attacks seemed to run a self limted course mm spite
of the type of therapy the same could be said of recurrences

During any given relapse of the disease 1n the remutting type a renussion may
fail to occur as 1t had with all previous attacks that s the remitting type has now
changed into the chrome vantety This ph occurred in 11 of
24 patients 1n which the observation was possible an ncidence of 13 per cent
We have always been concerned for the patient who 1n previous eptsodes had
cxpenenced a remission within 2-4 months but with a given subsequent attack the
symptoms contunue wel] beyond the 6 month period The importance of this
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TABLE 1I{
TOPOGRAPHICAL DISTRIBUTION AND LONGITUDINAL SPREAD*

Longitudinal spread

No of cases | Percentage

No of cases| Percentage
Rectum or R § 10 8 7 0
Left colon 30 25 18 60
Regional or segmental 9 7 2 22
Enterocolitis 13 1 2 16
Total cases 62 - 29 47
6 ¢ sc withowcompl te nof m tfollowed(r3ye 3o m ew Ipedfo t gtd 1p d

In the group of 125 patients with long follow up 61 had mmvolvement of the
entire colon 1mtially and 30 of the remainder showed evidence of extension of the
disease while under observation These figures suggest that longitudinal spread
does oceur 1n a large percentage of patients who have not already had the entire
colon mmvolved during the imitial attack

Climea) varteties m relation to topographical types

The chmcal varieties mentioned are classified below Sixty nine per cent of
patients with a long follow up belonged to the remtting variety at the time of
onset This climcal variety of ulcerative colitis occurred with about equal fre
quency among all anatomucal types Topographically enferocolinis and entire colon
were the types most often found 1n patients with the chronic continuous vartety
of the disease There were 10 nstances of acute fulminating disease The Jatter
vanety was not seen 1n enterocoltis and 1n the distal type of ulcerative colitis
1nvolving only the rectum or rectum and sigmotd The entire colon or almost the
entire colon was most commonly mnvolved 1n the acute fulmmating variety

CLASSIFICATION OF CLINICAL TYPES OF ULCERATIVE
COLITIS—~RELATION TO BEHAVIOUR PATTERNS

For many years we have utihzed a classification of clinica) types as outhmed 1n
Table IV Obviously there 1s considerable overlapping but difficulty 1s rarely
encountered 1n fitting a given case nto ths pattern Such a classification serves 2
useful purpose 1n orientation and has some 1mportance 1n prognosts

Common type with remissions and exacerbations
This remutting varzety 1s the most type d tn the amb
patient who frequently shows mvolvement of the rectum and sigmord only W
have mentioned previously that the latter type of out patent often exhibits only
mld bleeding and perhaps only shght diarthoea with mild cramping The attacks
are often afebrile and may be entirely unassociated with nutritional deficiency or
anaemia Unfortunately tn the Graduate Hospital series the milder variety was
not often encountered Most of the remitting cases were of sub type (b) thatis
clinical behaviour of moderate or great seventy (Table IV) Sixty eight per cent of
300

¥
€



AGE AT ONSET IN RELATION TO BEHAVIOUR AND PROGNOSIS

Acute fulminating type
Thus 1s the most dramatic form of the disease the first attack being charae
terized by an abrupt onset of severe diarrhoea associated with sepsis and rapid
depletion of vital tissue as a result of losses from the rectum
and of nausea vomuting hyperpyrexia and toxaerua There were only 10 such
cases in out entire group of 125 patients with long range follow up Quite a few
additrional acute fulminaung cases were fost to follow up after they had gone into
pl Of d diol 1 and pathol 1 features of this
type of disease include the frequent occurrence of large confluent uicers and the
charactenstic 1nvolvement of the entire colon or almost the entire colon The
complications of pseudopolyposis and acute toxic dilatation of the colon are
noteworthy in this climeal type The mortality 1s high In our small seres 30 per
cent of those going to surgery and 20 per cent of those not operated upon suc
cumbed This mortaiity figure for the medically treated cases 1s probably too fugh
because of the incomplete follow up on the survivors not going to surgery (not
mcluded 10 the survey)

AGE AT ONSET IN RELATION TO CLINICAL
BEHAVIOUR AND PROGNOSIS

Age at onset of vanous topographical and clinical types
Some effort has been made to analyse the behaviour pattern of ulcerative
colitis on a basis of age at time of onset This breakdown 1s given in [able VI
There were 12 patients under the age of 15 years and in many of these involve
ment was either of the entire colon (58 per cent) or the lesion was enterocolitis
(25 per cent) In other words extensive involvement was noted 1n 83 per cent of
the children studied There were 66 patients in the group of 125 cases 1n which the
age of on et was from 15 to 29 years In this age span there was a relatwvely large
number with imolvement of the rectum sigmotd and left colon and with the
regronal type Approximately 60 per cent of patents in this age group had rather
extensive involvement Between the ages of 30 and 59 years only 47 5 per cent had
extensive involvement Perhaps one might tude that 1 dinal invol t
of the colon may be Iess extensive as the age of onset inereases

Mention has been made of the relationship between age at onset and type of

t The type was with about equal

frequency at all ages There 15 a tendency for the continuous tvpe 1o show 2 higher
merdence with increased age

Char, of the disease m those under the age of 15 years

In patients with regional enteritis we have been impressed with the high inaidence
of delayed maturity 1n those who have contracted the disease before reaching
the age of 15 years It1s of interest that 1n ulcerative colitis oniv 1 of 12 patients
1n the series exlubited retardation in growth this panent had enterocolitts Defec
e small intestinal absorption probably plays an important role 1n this respect
m regional entenitis 1n ulecrattve colitis this factor 1s uncommon and rather
unamportant The seventy and extent of the disease were greater when 1t occurred
before the age of puberty (5 of the 12 children needed surmeal treatment 2ad 3
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observation may be noted by consulting Table V Only 11 per cent of 84 patents
in the remutting category had attacks extending beyond 6 months yet still expert
enced a remussion therefore 1t 1s likely that 1f a complete remission does not
occur within 6 months 1t may never occur that1s the disease has changed to the
chronic continuous varety A recognition of this behaviour pattern has consider
able chinical importance n the decision concerned with selection of future therapy
The majonity of patients who experience a recurrence of the disease and whose
symptoms continue unabated for longer than 6 months will eventually require
surgery

In some instances in the remitting type of disease an attack will apparently
terminate that 15 the patient becomes symptom free and yet the inflammatory
process continues to be active as determned by sigmoidoscopy We suspect that
many of the so called remissions whtch occur as a result of steroid therapy belong
1n this category

An acute fulminating exacerbation of the most severe nature may occur with
any given relapse 1n this remutting type of disease There were 18 nstances of
severe fulminating attacks among 84 patients belonging to the remitting type of
disease in this sertes an incrdence of 21 per cent

One of the most curious and serious of the relapse
1n some patients 1s that of extreme toxic dilatation of the colon (usually segmental)

TABLE V
DURATION OF ATTACRS IN REMITTING AND ACUTE FULMINATING
V ARIETIE!

Acute fulmunating ‘ Remutting type Total cases
Duration of
attack No of cases | Percentage | No of cases| Percentage | umber
Under 3 months 7 70 r u | a4 a1
3-6 months 2 20 3 ] 39
612 months 1 1o 7 8 8
Over 1 year 0 0 3 3 3
Vanable 1 0 3 3 3
Total | 10, w00 { 84 | 100 94

Chronic confinuous variety

Thus term 15 apphed to those cases in which the inflammatory process remains
active well over 6 months Objective evidences of disease continue 1n spite of
treatment  Remussions do not occur In the seres of 182 cases 47 or approxt
mately 26 per cent were hsted as chronic continuous at the time of our first
contact with the patient The sigmficant clinical features of this group are sum
marized 1n Table IV In the breakdown of chinical types 1t 1s noted that approxt
mately 80 per cent of this group had involvement of the entire colon or had entero
colitis Once again 1t 1s noted that nvolvement of the rectum and sigmotd only
or the left colon only 1s not likely to give rise to the chronic continuous type of
disease until late 10 1ts course The chromic continuous varsety shows a high
percentage of complications {Table VIII} and a high incidence of necessity for
operation  Ninety three per cent of this group with a long follow up went 1o
surgery (Tables X and X1}
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ULCERATIVE COLITIS

died) Jackman et al (1940) reviewed the cases of ulcerative colitts occurring 1n
children under the age of 16 years at the Mayo Chate Their experience was some
what stmilar to ours More cluldren had fulminating symptoms at onset than adults
and the 1ncid of lication: luding carcinoma was greater in chuldren

Features of the disease occurnng after the age of 60 years

Only 5 patients in this age group fulfilled our criteria for review (Table VI
The disease at onset was classified as mild 1n 2 moderately severe 1n 2 and severe
1 1 However 3 of the 5 eventually went to surgery without nmishap and 1 of the
remainder died without operation Three were of the remutting cltmcal type and 2
were of the continuous variety The entire colon was 1avolved in 3 cases Only 19
per cent of 1291 cases reviewed by Brust and Bargen (1935) were over the age of
60 years In many of these patients the disease was rather mild Banks et al (1953)
reviewed 20 cases of ulcerative coliis beginming after the age of 50 years They
concluded that the disease 1n late hfe 1s just as serious and the prognosts just as
bad as in younger patients Our experience tends to support that conclusion

OTHER REMARKS ON CLINICAL BEHAVIOUR

Severe clinical configurations may be anticipated 1n hospital pattents One of these
1s extreme toxaernia with hyperpyrex:a which occurred 1n 16 per cent of our
patients and was confined to the primary acute fulmunating type or the acute
fulmnating relapse Extreme nutritional deficits (haemoglobin albumin calcium
potassium sedium prothrombin and so on) were recorded 1n 14 per cent of
patients and were associated most often with excessive faecal losses of mucus and
pus and of blood

Plasma protein deficits may be severe 1n patients whose faecal discharges contam
excessive amounts of mucus and pus even when loss of blood 1s mmimal Massive
bleeding associated either with shock or requirtng numerous transfusions was
present 1n 16 mstances or 12 8 per cent of patients All of these phenomena were
noted most often in the acute fulmnating type of the disease or in the fulmimant
relapse of the chronic varieties

COMPLICATIONS

Tables VII and VIII hist the d of colontc 1n the Graduate
Hospital series It 1s noted that they are representative of the type and percentage
of complications to be anticipated 1n the more severely 1ll patients who may be
admtted to a special service of a general metropolitan teaching hospital The
incrdence of some of these complications 1s much higher than that encountered
1 other reports of matenal dersved from some private clinics or from mixed
hospital cases and out patents

Pseudopoly posis

Pseudopolyposis heads the list of local complications and was noted in 80 out
of 125 pattents or 64 per cent of the entire group In the topographical grouping
of cases (Table VII) this complication 1s seen least often 1n enterocolitis (38 5 per
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COMPLICATIONS

Granvloma stneture or partsal obstruction

There were 30 instances of granutoma stucture of partial obstruction of the
colon (24 per cent) Usually these lesions have 1n commen chronc perforation
often into the lon Pencolitis with adh to other stsuctures 1s not rare
These complications were noted most often 1 topographical types dessgnated as
enterocolstts and regtonat coliis Operagwve treatment 15 required eventually
most mstances

Pert rectal or pers anal disesse

Pery rectal or pent anal disease (abscess and fistula) was encountered 1 18 per
cent of patsents Al topographical types showed about the same pereentage
ncsdence of per rectal disease except for the type with mvolvement only of the
rectum or rectum and sigmard The chrome conttnuous chinteal variety of disease
showed the hughest incrdence of this compheatton (28 per cent) The remutting type
yielded an occurrence rate of pert angl disease of 17 per cent This comphication
was rat seen 1n the acute fulminating cases Pert rectal rnfection 1n some nstances
fagls ta respond to local measures either medical or surgacal and radical treatment
for the coliis must be carrted out on this account earhier than 1t would have been
in the absence of this complication

Dilatation of the diseased colon

The term toxic s loyed here to describe that dread
of extreme of a segment or of the entire discased colon

suggesting almost complete colomic obstruchion with mpending perforation
Actually this complication 15 associated with an absence of effective colonie
moulty The tremendous disternnion of the colon with gas is not the result of
obstruction The colome dilatation may last for several days or weehs Liquid
faeculent evacuations vsually continue to oceur commonly they are involuntary
Extreme is a constant In some these colons had
previously shown a radsological appearance of marked narsowing and fibrosis
often for many years yet with the fulminant relapse the colon may dilate (o 4 trmes
the size of a normal colon There were 7 instances of this complication m our
series of 125 patients with long folfow up (Tables VIH and X1} Among 87 cases
classified as belongtng to the remitting type there were 18 instances of an acute
fulnunating relapse of the disease Touic difatation of the colon oceursed in 4 of
these an wmedence of 22 per cent among fulmnating relapses  This comphication
appeared 1n 3 of 10 patients during a primary acute fulmmating attack

Analyssng the 7 cases of toxc colorue dilatation (Table XIE) 1t 15 noted that
2 pauents died both post operatinely 1 patient went to surgery and was cured
1 has remained well for 10 years {acute fulminating type) the other 2 continue to
experience refapses of a less severe sature

Madison and Bargen (1951) reported an 1solated tnstance of thus condition
as fulmunating chrome ulcerative colitts with unusual segmental difatation of the
¢olon  Ths was a fulminating refapse w the remitung type of uleerative colitis
The only comprehensive paper dealing wath touc dilazation of the colon is that
of Lumb ct al (1955) whose expenence with 7 cases has been 1dentseal with
ours in praciscally every respect We have used the designation toc aganghontc
megacolon 1o descnbe this chinscal configuration perhaps wathout sufficzent
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cent) regional colitis (44 5 per cent) and the rectosigmordal type (45 5 per cent)
Several years ago Beaman reviewed our cases of ulcerative colitis segregating the
group with pseudopolypos:s in order to compare them with the remainder of cases
not having this complication In this study 1t was clearly shown that the occurrence
of pseudopolyposis indicates greater sevenity of the disease and defimtely worsens
the prognosts A greater number of pahents with this comphcation expericaced
severe anaemia from blood loss Nutntional deficiency was more striking Opera
tion was eventually required in a greater number of persons The over all mortality
was higher 1n the pseudopolyposis group

TABLE VIl
COLONIC COMPLICATIONS IN VARIOUS CLINICAL TYPES—125 CASES

Renuisston Chronic Acute
relapse ‘ contimuons l fulminating ‘ All13pes
No of | Percent | No of | Percent | No of | Percent | No of| Percent
cases | age | cases l age | cases| age {cases| age
Total cases 87 69 28 23 10 8 125 —
Pseudopolyposis 51 58 21 75 8 80 80 64
denomas 9 10 3 11 [ o 12 96
Carcinoma colon 3 3 3 10 0 0 6
Peri anal disease 15 17 | 8 29 0 0 23 18
Stricture granuloma
obstruction 19 22 9 32 2 20 30 24
Touc aganglionosts 4 5 0 0 3 30 7 6
Free perforation 2 5 o 0 1 10 3 2
Large penetrating ulcer 8 9 5 18 3 30 16 13
(Radiological evidence)

I 1ds nlypt t whod dw ope td po o wh hddy follw p

Carcinoma
The designation adenomas 1n Tables VII and VII[ applies to a diagnosis
made by the d or the radtol or both but not confirmed 1n most

instances by the pathologist We belteve there remains some doubt concerning the
nfluence of ulcerative colitis on the incidence of colonic adenomas The question s
worthy of careful review by pathologists nterested 1 ulcerative coliuis and 1ts
refation to carcinoma There were 6 instances of carcinoma 3 m the chromic
continuous and 3 1n the long standing remitting types of disease This gives an over
all figure of 4 8 per cent for the senies

The lesions were ad d when discovered so that the initial
morphological type of the tumour v hether beginning as a simple adenoma or not
could not be determined The occurrence of carciroma 1n our patients seemed to
bear no relationship to pseadopolyposis There 1s no justification for recommending
oper ition i the presence of pseudopolyposts with the thought that the danger of
carcinoma 1s greater in such cases It 1s highty likety that the mcreased ncrdence of
carcinoma 1n ulcerative colitis 1s more closely related to duration of disease and to
1ts clinieal type We believe the danger 1s greater in the patient with chronic con
tinuous symptoms of many years duration than in the type with remisstons and

relapses
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ULCERATIVE COLITIS

sustification This was done 1n order to indicate that 1ts development may depend
upon destructive changes 1n the nerve plexuses of the diseased colon particularly
the myenteric plexus In this connexion the statement which appeared 1n an
article by Storsteen et al (1953)1s of interest  Two cases were rejected because of
excesstve destruction and distortion of the myenteric plexus by inflammation
In nearly all other cases the myenteric plexus was remarkably well preserved in
spite of severe inflammation of the intestinal wall elsewhere  Perhaps the very
infrequent occurrence of the p under di may be explaned by
the fact that it 1s due to destruction of the myenter:c plexus since such destruction
rarely occurs 1 ulcerative colitis Histological examination of the dilated segment
in 1 of our cases showed complete absence of the ganghonic plexuses 1 the sub
mucosa and muscular layer in many sections with striking degenerative changes
1n the nerve plexuses in other areas

We suspect that one should avoid operation if at all possible during the phase of
acute toxic dilatation of the colon Bowel antisepsis and complete rest of the ali
mentary tract with parenteral nutrition should offer the greatest chance of nding
out the storm  Corticotrophine and steroids may likewise prove dangerous be
cause of the nisk of perforation or active bleeding

Margtnal ulcers

Another finding to be antictpated 1n the more severe fulmnaning dsease 1s the
occurrence of large marginal ulcers seen radiologically and present in 13 per cent
of our patients (Table 1X) This radiological configuration 1s rarcly seen except
in the acute severe toxic flare up and in the acute fulminating type of the disease
The demonstration of such lesions 1n the acute fulminating type of ulcerative
colitis 1s an indrcation for the employment of the most nigid colonic rest regimen
(Bockus 1952) and a contra ndication to the ijudicious use of ACTH or adrenal
steroids because of the danger of perforation

TABLE IX
RADIQLOGICAL CHANGES IN RELATION TO CLINICAL TYPES—125 CASFE
o cure Chrontc
Renmtting ’ All types
Radiological Sulminating ‘ -_  continuous pes

changes un colon No of | Percent | No of | Percent | No of | Percent

cases | age |cases| age |cases| age

No of | Percent
cases | age

Total cases 10 — 87 — 28 - 125 -
Narrowing 8 80 58 61 22 78 88 70
Shortemng 4 40 40 46 17 61 61 50
Haustra absent 2 20 49 57 24 86 75 60
Obstruction or granuloma 2 20 18 20 8 29 28 2
Multiple large discrete

ulccprs il 3 30 8 9 5 14 16 13

Free perforation
Free perforation occurred in 3 patients (2 per cent) One of these was under the
age of 15 years Topographically the entire colon was wnvolved 1n 2 of the patients
and the left colon 1 1 En one instance the perforation occurred i the acute
fulminating type of disease and in the others 1t occurred duning a fulmmating
relapse of the remitting type
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matological disorders that 15 erythema pyoderma and
non speaific pustular eruptrons The occurrence of severe spreading pyoderma
gangrenosum (associated ordinarily with anaerobic streptococcal mvaston) has
evidently been greatly lessened since the advent of antibiotics

Other systemic complications

Eye complications (iritis and so on) were infrequent and not 1ntractable Severe
psychotic reacttans (not drug 1nduced) occurred 1n 3 pattents An episode of depres
ston 1s partrcularly to be feared fortunately such reactions are uncommon
Systemic complications seemed to be most common in the regional or segmental
types and least frequent m enterocolitis The rel hip between the d
of systemic complications and the climcal type of disease at onset was not signifi
cant

Previous ACTH or cortisone therapy

The results obtained with corticotrophin and adrenal steroids 1n the manage
ment of the various types of ulcerative colitis 1n our chinic have not as yet been
analysed We doubt 1f these agents are of much benefit 1n the over all long range
management of most patients It 1s probable that the 5 year cure rate 1s not mater
ally affected In some 10stances temporary benefit 1s achieved In others the chimcal
status 1s worsened and complications are induced More ttme ts needed before a
final evaluation can be made In this present study I8 patients were encountered
who had been treated with either ACTH or cortisone prior to admission to the
Graduate Hospital The most frequent colonic complication 1n this group was
pseudopolyposis (72 per cent) a greater incidence than among our very seriously
1l patients who had not received sterowds or corticotrophin There were 2 pateents
with massive haemorrhage an incidence of 111 per cent Fourtegn patients tn
thus group were eventually operated upon (78 per cent) 3 succumbed a mortality
of 21 per cent These figures may be compared with the percentage of the entire
series of 182 patients going to operation—that 15 40 per cent—with an over all
surgical mortality of 7 per cent One of the surgical cases 1n the steroid group was
an example of acute fulminating toxaenua and another had a so called toxic

it Anadd 1 number of these patients experienced a very

stormy convalescence following operation There were 2 nstances of acute staphylo
coccal enterocolitis 1 the post operative pertod (Frobese and Roth 1957) Ewvi
dently patients who have been on steroid therapy without lasting benefit constitute
a more seriously 1l group than a comparable control group who have not been
so treated Hayes and Kushlan (1956) report a simular experience

SUMMARY
In order better to understand the factors which may affect the clinteal behaviour
the ds of It and the n ul tive colitis our group

has recently analysed the cases occurring on the Gastroenterologie Service at the
Graduate Hospital Particular attention was grven to the influence of the different
topographical and clinical types of the disease on 1ts climical course
It should be mentioned that the sample which1 quoted may not be representa
tive of case material collected from private practice or private clinics In most
3
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TABLE X1l
TOXIC (SEGMENTAL) DILATATION OF THE COLON
Acute fulminating | Fulmmanng relapse Total
Number of cases 3 4 7
Dilated transverse colon 1 2 3
Dilated entsre colon 2 2
Dilated ascending and transverse 2 2
colon
Duration of antecedent disease | 42 days (entire) 13 months (left colon) 7
and topographical type 1 month (left colon) | 4 years (regional)
1 monih (entire} 7years (R R S}
14 years (enttre)
Operation
Recovery 1 1 2
Dred [ 1t 2
Cure
Medical (10 years) 1 f
Recovery acute phase remitting 2 2
Had ttod p  uly tHdt dp iy tA 0 cto whenfiste m d

Systexme complications
The d of system [ 1n our patients does not differ materially
from that of reports from similar institutions elsewhere

Arthritis
Arthritss occurred 1n 22 per cent of patients being of 1pproximately the same
ecidence 1n the various clintcal and topographical types

Lner disease

Liver discase as a complication of ulcerative colitis has been noted by many
observers (Klechner et al 1952) OQur experience with hepatic cirrhosis as a
complication of ulcerative colitis was previously reported (Tumen et al 1947}
In this present review the incidence of liver disease was 10 per cent and included
only instances of fatty lver and crerhosts found at autopsy and cases with high
grade br iphalen retention A d ation of d liver disease 1s &
signal for renewed efforts to achieve and maintarn a normal nutritional status
particularly as this applies to proteins blood and vitamins If concormitant sepsts
renders this impossible of attainment then radical colectomy will need to be
considered seriously

Thrombophlebiis

Thrombophlebitis not post operative occurred in [0 per cent of pattents
Anticoagulants 1f deemed necessary 1n the treatment of this comphcation wifl
need to be used very judiciously because of the danger of inducing massive. colomic
haemeorrhage

Sk complications
Samitz and Greenberg (1951) have previously reported the inctdence of skin
complications 1n ulceratine colitis occurming on our service at the Graduate
Hospital The present percentage (12) comprises nstances of the more severe der
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1n the fulminating relapse of the remitting type that one notes most often large
deeply penetrating ulcers and acute touc dilatation of the colon complications
which add greatly to the seventy of the attack

The onset of ulcerative colitis before the age of 15 years entails a graver prog
nosts than onset later 1n Ife Evidences of neurotrctsm are often more striking
extent of wnvolvement 15 greater acute fulminating symptoms are more frequent
and the d of 1 1s d The occurrence of the dsease
after the age of 60 years 1s rather uncommon Our experience and that of Banks
et al (1953) suggest that the chmcal behaviour and prognosis of the disease 1n
Jate life does not differ matenally from the average behaviour of the disease at all
ages

gPanems who had been treated previously with ACTH and corusone without

lasting benefit constitute a more seriously 1ll group The 1ncidence of complica
tions of need for operatton and of post operative compl cations was greater 1n
those who had previausly had such therapy

The important colonic complications 1n our patients comprise pseudopolyposis
64 per cent carcinoma 4 8 per cent chronic perforation granuloma stricture
and so on 24 per cent pen rectal abscess and fistula 18 per cent massive haemor
shage 128 per cent and free perforation 2 per cent The relationstup between
cidence of complications and the various topographical and chintcal types of
disease has been briefly d The high of local lications 15
noteworthy

‘The topographical and chnical varietes of the disease seemed not to mflvence
to any great extent the percentage incidence of the various systemic complications
These complications include arthntis skinlesions hver disease thrombophlebitts
and psychotic reactions

The sevenity of the disease 1n our hospital series s further reflected by an
analysis of end results (Tables X and XI} Our figures are not dissimular to those of
Kirsner et al (1954) as a result of a study from a simular type of institution 1n
Chicago This present study adds support to the thesis that ulcerative colitis must
be considered a grave disease at all times True there are many patients who ex
penence only mld episodic attacks who never becoms seriously 1l or debilitated
and do not require hospitalization Futhermore medical cures do occur both 1n
the mild remitting and 1n the acute fulmmating varieties of the disease However
one should always have in mind that even those patrents with shight mvolvement of
a mild degree may at any time either develop an acute fulminating relapse which
may termunate fatally or expenence a severe complication requiring radical opera
tion The physician charged with the responsibility of treating ulcerative colitis
should have been thoroughly indoctrinated in its many 1ntricactes A satisfactory
haison with patient and family 1s essential The decisions concermmg selection of
therapy ncluding psychotherapy are often critical and may be exceedingly
difficult to make In the use of new agents the danger of deleterious side effects
must be ever m mind The dectsion concerning operation often requires the most
seasoned )\xdgem:m
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instances the disease was far advanced probably comparable to that seen in
other metropol hing hospitals 1 the north eastern and north central part
of the United States of America The tmpresstons based upon this recent study are
briefly summartzed

The ordinary type of ulcerative cohtis n which the rectum particrpates 1n the
disease process accounted for 85 per cent of cases The entire colon was diseased
1n almost 50 per cent of the cases studied The latter topographical type accounted
for about 50 per cent of the fatalittes Operation was required 1n 60 per cent of
this group a high inerdence of the chronic continuous chimical type of disease was
note

A relattvely small number of our hospital cases (14 8 per cent) had only rectal or
recto sigmoidal mvolvement There were no mnstances of the acute fulminating
disease among those with mvolvement confined to the distal colon (R RS) This
topographical type was most often assoctated with the remitting clincal type of
dsease

Although the regional or segmental types are not common nevertheless they
are assoctated with a rather high rrcidence of both colonic and systemte compltca
tions Because of the absence of rectal tnvolvement and the abiity to perform an
operation with internal anastomosis and because of a lack of complete permanent
resolutton of inflammation in most instances operation 1s usually petformed
earlier than in patients with ordinary ulcerative colttis The colonic involvement m
enterocolitts simuarly 1s segmental usually sparing the rectum so that ordumanly
annternal anastomosts 1s possible when operation 1s decrded upon A recurrence
of disease in the ileum within 5 years mav be anticipated 1n at least 50 per cent of
patients with enterocolitis However typtcal non specific regional ententts 1s not
seen as a recurrence following operatsons performed for ordinary ulceratve colitis

A high mcidence of patsents (47 per cent) with incomplete nvolvement of the
colon when first examined may be expected eventually to expenence longitudtnal
spread of drsease Our data suggest that the imtial extent of disease Jongitudinally
may be less as the 1ge at onset icreases The inmal extent of disease 1o be antict
pated 15 probably greater in the age group of less than 15 years

The most common chnical type of disease 1s that with eprsodic attacks or with
remssions and relapses (68 per cent) Often the mulder attacks seem to run a sell
Iimited course regardless of ordmary therapy An attack lasting much longer than
6 months may mean that the clinical course has changed to become chromc
continuous that 1s remtssions will no Jonger occur This change was noted 1n
13 per cent of cases and 1s a bad prognostic sign An episodic attack in the remitung
vanety of disease may at any time be of such severity that st must be termed a
severe fulminating relapse stmulating tn severty the dreaded acute fulminating
(single attack) type of the disease This occurred 1 21 per cent of our remittng
cases
The chrontc continuous type of disease—fortunately less common (26 per cent)
—1s ustally associated with involvement of the entire colon and shows a high e
dence of complications and a great need for eventual surgical treatment (93 per

nt
cc_n)w chnical varety termed the acute fulminating type—relatively uncommon
(8 per cent)—is the gravest chnical type The mortality 1s high both with surgical
(30 per cent) and medical treatment (20 per cent) It 1s mn thus climcal varrety wnd
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M THE PATHOLOGY OF ULCERATIVE COLITIS
GEORGE LuMB

INTRODUCTION

ULCERATIVE colitss 15 a disease of unknown aetiology which most frequently affects
the sigmotd colon rectum and distal part of the descending colon 1t may spread
to 1nvolve the entire large bowel and less commonly the termunal ileum It s
charactenzed by ulceration of the mucosa and submucosa with subsequent repawe
by fibrosis which leads to shortenung and narrowing of the colon Sydenham
(1688) who had earlter described 1n detail the  bloody flux  stated that some
times though very rarely 1t happens that a dysentery not rightly cured ongmally
shall afflict a particular patient for many years  Wilks and Moxon (1875) 1ntro
duced the term  ulcerative colitis when they made an attempt to 1solate st from
more spectfic forms of dysentery With the advance of bacteriology and para
sitology the specific identification of bacillary and amoebic dysentery has become
possible but although some have felt that ulcerattve colitis 15 nothing more than
a chronie form of bacillary dysentery at the present time most authorities feel
that 1t 15 a condition which menits separation

Some authors (Brooke and Cooke 1951 Brooke 1954) have attempted to
separate the small group of cases which eniginate on the right side of the colon
and which have previously been designated night sided colitis by Crohn and
Rosenak (1936) and Crohn (1949) They have used the term ileo colitss 1n order
to stress its importance as a separate entity 1n view of the different treatment
required 1n this condition Brooke (1954) has also suggested the term procto
sigmotditis  for those cases where disease remains localized n the distal sigmaid
colon and rectum The pathological appearances of these vaniants however differ
1n no way from other types of ulcerative coliis

Distribution

The extent and site of lesions in ulcerative colitis present an interesting problem
1t 15 frequently stated that the disease commences 11 the rectum and distal sigmosd
colon where 1t may remain localized or spread to inyolve the entire colon and even
the termunal sfeum It 15 true however that the distal colon 15 more readily
examined than any other part and by the tume an eperation or autepsy spectmen
1 d d t may make the decision as to the stte of
ongn very difficult It has been suggested that the whole of the large bowel may
be affected by the disease 1| ly without sut spread (Warren and
Sommers 1949)

It 1s difficult to obtain adequate proof for one or other theory but examination
of 130 operation specimens seen 1n the Gordon Hosprtal for Diseases of the Rec
tum and Colon London suggests that spread can occur In 10 per cent of cases
1n this series the right side of the colon was involved first but spread occurred to
the distal colon later In the majority of cases the most extensive lesions are seen
1n the sigmotd colon and rectum the lesians gradually duninishing towards the
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MACROSCOPIC APPEARANCES

MACROSCOPIC APPEARANCES

Ulcerative colitis 1s a disease which extubits peniods of activity with ulceration
mucosal congestion and pus formation alternating with periods of remusston when
mucosal healing and fibrosis take place Macroscopic appearances at any particular
tme show bl which may be listed as follows

Group 1

This group comprises acute progressive lesions with widespread ragged super
fictal ulcers rarely penetrating deeper than the submucosa The intervening mucosa
15 ntensely congested and shows small punctate ¢rosions appeanng as small

Fic 97 —Total colectomy specimen showing diffuse uleerative colstis
with marked pseudo polyp formation

haemorrhagc spots In some cases these areas of mucosa may form projecting
tufts knawn as pseudo polyps (Fig 97) On exarmnation these polyps are found
1o be of 3 types

(a) Ragged mucosal remnants showing oedema and congestion with varying
degrees of inflammatory cellular infiliration of the lamina propria These seem to

represent nothing more than areas of mucosa after extensive ul
{Fig 98) They may tend to project 1nto the lumen more markedly as a result of
fibrous m the sur d d areas

(6) Granulomatous polyps which are heaped up areas of granulation tissue 1n
which may be found occastonal fragments of mucosal structure

These 2 types of polyp are very difficult to d h on naked eye
and may be 1ntimately mixed 1 an area where polyps are found

(¢) Very occasionally some of the polyps result from active hyperplasia of muco
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1leo caecal junction In 89 of the 130 specimens of the Gordon Hosprtal senes the
entire colon was mvolved by the disease In 53 cases the process showed 2 sharp
line of demarcation between normal and abnormal mucosa at the 1leo caecal valve
In 36 cases the distal 1leum was affected (Fig 96)
Crohn (1949) and Brooke (1954) have suggested that 1leal involvement 1s due to
back wash  of infective materal from the colon and Brooke has stressed the
value of the 1leo caecal valve 1n retarding spread of disease into the ileum He

Fi¢ 96 —Incompetent
tleo-caecal valve with
nvolvement  of the
termunalilevrmanuloer
ative colitis

panted out that the valve 15 non functional 1 all those cases where the 1\:\"]11:2
affected No example has been seen in this series where spread has la}l,cn psam
without damaging the valve but whether the cause of the mucosal ¢ ;nghc .
the ileum 15 1n fact the result of back wash of colonic material or whethe
represents merely a progression of the infl y process with y
retardation at the ileo caecal valve has yet to be decided ¢ the cofon 1n
The appendix shows changes similar to those seen in the rest of the co:

approumately 60 per cent of cases
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MACROSCOPIC APPEARANCES

Ulcerative coliis 15 a disease which exhibits periods of activity with ulceration
mucosal congestion and pus formation aternating with pertods of renussion when
mucosal healing and fibrosts take place Macroscopic appearances at any particular
time therefore show considerable vanations which may be listed as follows

Group 1

This group comprises acute prog fesrions with widespread ragged super
ficial ulcers rarely penetrating deeper than the submucosa The 1ntervening mucosa
1s ntensely congested and shows small punctate erosions appearing as small

Fic 97 —Total colectomy specimen showimng diffuse uleerative colitis
with matked pseudo polyp formation

haemorrhagic spots In some cases these areas of mucosa may form projecting
tufts known as pseudo polyps (Fig 97) On examination these polyps are found
to be of 3 types

(a) Ragged mucosal remnants showing oedema and congestion with varying
degrees of inflammatory cellular infiltration of the lamina propna These seem to
represent nothing more than areas of mucosa after ext 1l
{Fig 98) They may tend to project into the lumen more markedly as a result of
fibrous 1n the sur ding d d areas

(8) Granulomatous polyps which are heaped up areas of granulatton tissue n
which may be found occasional fragments of mucosal structure

These 2 types of polyp are very difficult to distinguish on naked eye examination
and may be intimately mixed mn an area where polyps are found

(c) Very occastonally some of the polyps result from active hyperplasta of muco
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sal elements This appearance has been noted on only 3 occasions 1n the series
which the author has studted and there seems no evidence that 1t 15 the mechanism
by which malignant change occurs

The acute inflammatory process may occastonally spread to tnvolve the under
Iymg structure of the bowel wall Destruction of the muscle coats will lead to
perforation and sometimes difatation The peritoneal surface of the colon at this
stage 1n uncomplicated cases shows some thickentng and increased vascular mark
ings When perforation occurs there 1s an ensuing sero fibrnous peritonttis In
the series personally studied 10 cases have been seen where colontc dilatation was
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Fic 98 —Acute ulceration with remnant of mucosa forming  pseudo
polyp (haematoxylin and eostn x 145 reduced by one third 1n
reproduction)

a striking feature of the disease (Fig 99) Seven of these cases have been reported
previously (Lumb et al  1955) Ths type of lesion most commonly presents as an
acute fulminating process but does not necessanily occur at an early stage mn the
development of the ulcerative colitis In 4 of the 7 cases described the acute process
began less than  year after the first symptoms whereas mn 3 cases 11 mansfested
wself more than 5 years after onset Two cases showed a total coliis whilst 5 had
no involvement of the caecum and ascending colon None of the cases had disease
n the termmnal deum
The general appearance of the colons 1n the 5 examples which were removed at
was of extensive th of the bowel 1n the dilated area with marked
v;scular congestion producing a weeping haemorrhagic mucosa In the 1 chrome
case although the bowel wall was thin the specimen was pale and the mucosa
was smooth and ghistening  All the specimens examined showed evidence of acu(g
perforation at the tme of operation or chrome adhesions between the colon an
the antenor abdominal wall suggesting that perforation had taken place at some
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earlier date Dilatation was maximal 1n the transverse colon on each occasion In
1 case there was generalized widening of the colon whereas in the other examples
the lesion was localized

1t seems important to draw attention to this condtion as a violent and dangerous
complication of ulcerative colitis liable to occur at any stage of the discase In view
of the fact that most of these cases showed rapidly advanting ulceration and vas
cular dilatation a careful search was made for evidence of primary vascular disease

Fic 99 —Total colectomy specimen showtng, partal i

t of the colon dilatatton of the ti colon

and stricture formation 1n the descending colon in ulcera
tive colitis

None was found and although occasional examples of thickening of the walls of
small vessels 1n the subi could be d ated 1t 1s felt that these repre
sented a secondary irntative phenomenon

Group 2

Areas of ulceration are very frequently found antermingled with zones of healing
so that ragged uicers and psendo polyps of the types atready described are found
adjacent to smooth patches of regenerated epithelium A mucosal change frequently
seen 1n assoc1ation with pseudo polyps 1s the formation of eprthelial bridges where
remaimng mucosal fragments are seen stretched over denuded areas (Fig 100)
The rupture of these strands 15 probably one of the mechanisms of pseudo polyp
formation At this stage of the disease 1t ts common to find commeneing thickening
of the wall caused partly by oedema and partly by fibrosis The fibrosts 1s princepally
submucosal and tends to pull together areas of relatnely undamaged mucosa
thus mintmizing the ulceration and shorteming the total length of the colon At the
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same time there 15 a progressive narrowing of the lumen which 1n areas of max
mum damage leads to stricture formation (Fig 99) The pentoneal surface shows
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Fic 100 — Epithelial bridge over an area of acute ulceratton in ulcerative

colitis (haematoxylin and eosin % 150 reduced by one quarter in repro
duction)

the appearances already described but 1n addition there 1s considerable excess fat
deposition

Group 3

In very chronic cases where damage to the mucosa has been widespread the
repair process 1s tnadequate and the colon 1s hined partly by thin smooth atrophic
mucosa and partly by fibrous tissue with underlying fibrous replacement of the
muscle wall (Fig 101) Such a colon may be quite thin but when viewed externally
may present a relatively normal appearance It should be pointed out that except
1n cases where there 1s constderable vascular congestron oc where some complica
tion such as dilatation or perforation with peritonitts has occurred the external
surface of the colon gives very hittle indication of the degree of mucosal damage
This 1s 10 be expected as the disease affects principally the superficsal mucosal
areas but 1t 1simportant for the surgeon 1o be aware of this fact when confronted
by a relatively normal looking colon at laparotomy 1n a patient with severe ulcera
tive colitts

Group | represents the most acute fulminating forms of the disease frequently
necessitating surgtcal treatment The majonity of cases of ulcerative colitss show
the appearances described 1n Group 2 Group 3 includes the most long standing
forms of this disease which are normally found at autopsy
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FiG 101 —Total replacement of mucosa
by fibrous tissue in chronic stage of
ulceratne colitis (haematoxylin and
eosm ¥ 200 reduced by one half m
reproduction}

Fic 102 —Penetration of the base
of a crypt by mflammatory cells
to produce an early eroston
ulcerative coliis  (haematoxylin

eosin X 512 reduced by one half
m reproduction)

HISTOLOGICAL APPEARANCES

Active disease
The earhiest active lesion seems to occur 1 the bases of the crypts of Lieberkuhn
where neutrophils are found passing between the liming cells to accumulate mside
the Jumen (Fig 102) The basal cells stain poorly their cytoplasm 1s vacuolated
and their nuclet show degenerative changes As necrosis progresses small erosions
are produced which establish continuity between the Tumen and the submucosa
(Fig 102) The accumulation of neutrophls with eostnophils red blood cells
serum and mucus 1n the lumen of the crypts constitutes the so called crypt
abscess which 1s a charactenistic feature of the disease (Fig 103) Excessive

hil 1nfil 15 an feature at all stages In the mmldest lesions
the destructive process may be limited to a portion of the crypt and in such cases
1t 15 possible for repair by thin flattened epithelium to occur without loss of normal
architecture More commonly however numerous crypts are involved and large
areas of ther walls break down liberating infective matenal mnto the submucosa
and producing widespread ulceration These ulcers are very rarely clear cut They
usually present an irregular pattern of necrotic debris and inflammatory cells
scattered amony, remaiming fragments of viable epithehum (Fig 98)

The inflammatory exudate shows neutrophuls only 1n the most superficial areas
In the deeper zones lymphocytes and plasma cells with a smaller nhumber of
eostnophils predominate

An additional method of ulcer formation 1s by the spread of infective material
m the submucosa which stips off the overlymsg relatively normal mucosa
producing the so-called Jacunal abscess In the majonty of cases ulcers are
localized in depth at or above the level of the muscularis mucosae
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same time there 1s a progressive narrowing of the lumen which 1n areas of maxi
mum damage leads to stricture formation (Fig 99) The peritoneal surface shows
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FiG 100 — Epithelial bidge over an area of acute ulceration mn ulcerative
colitis (haematoxylin and eosin X 150 reduced by one quarter in repro
duction)

the appearances already described but 1n addition there 1s considerable excess fat
deposition

Group 3

In very chronic cases where damage to the mucosa has been widespread the
repair process 1s tnadequate and the colon is lined partly by thin smooth atrophic
mucosa and partly by fibrous tissue with underlying fibrous replacement of the
muscle wall (Fig 101) Such a colon may be quite thin but when viewed externally
may present a relatively normal appearance It should be pointed out that except
1n cases where there 1s considerable vascular congestion or where some complica
tron such as dilatation or perforation with peritonitis has occurred the external
surface of the colon gives very little indication of the degree of mucosal damage
Ths 15 to be expected as the disease affects principally the superfictal mucosal
areas but 1t1s important for the surgeon to be aware of this fact when confronted
by a relatively normal looking colon at laparotomy 1n a patient with severe ulcera
tive colitis

Group 1 represents the most acute fulminating forms of the disease frequently
necessitating surgical treatment The majonty of cases of ulceratine colitts show
the appearances described 1n Group 2 Group 3 includes the most long standing
forms of this disease which are normally found at autopsy
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Fi6 104 —Muyral vascular dilatation mn
an area of acute ulceration (haema
toxyhn and cosin < 133 reduced by
one half i reproduction)

Fia 105 —Epithehal regeneration pro
ducing flatrened cetls 1 ulceratsse
colttis(haernatoxylnandgosm 135
reduced by one half w reproductson)

Quiescent disease

The mieroscopie appearances show an intact mucosa with considerable altera
uon of its architecturat pattern The change is always towards a dsminunon m the
numbers of crypts and g thinmng foll d dusing the
ulcerattve phase The regular arrangement of crypts which 1s such a charactenstic
feature of the normal mucosal pattern 1s fost when repair oceuss Qrcastonal
zones of epithehum  bured 1n the underlymg submucnsa may be found {Fig
106} and even squamons metapiasia may be observed

Goblet cells are seen n larger numbers than normal and mucus secretton s
exeessive

The ceffstar mnfiliration of the lamina propria and submucosa shows the follow
wng sequence of appearances

Immedtely after an active phase dense accumubapions of lymphocytes and
plasma celis are found ying below the newly healed epithehum Frequently there
15 a diffuse infitt of the mucosae by lympt and plasma cells
which causes fragmentation of the muscle elements Large lymph follicles become
apparent as the generahized cellular mfiliration dtmumshes and these are the
cause of the gramulanty of the mucosa as seen through the sigmoidoscope
Sheets of counophilic mucinous matersal are seen spread over the irregular mucosat
surface i the g phase perssts ph dually & feaving
& prossly oedematous lanuna propria and submucosa wih evidence of dilated
fymph channels In cases » here the muscularns mucosse has remamned relatively
miset 4 may be separated from the mucosa by this wide zone of pedematous
connective ussve Considerable numbers of young fibroblasts and capllarses are
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The 1ntact cells i the surrounding epithelium differentiate to form increased
numbers of goblet cells These cells pour out an excess of mucus which coats the
adyacent mucous membrane

The lamina propria 1s oedematous and the capillaries are dilated and congested
Thus dilatation may be a very striking hustological feature and attention has been
drawn to 1t particularly by French authors (Rachet etal 1942 Richir et al 1956)
In the most acute fulminating cases dilated vessels may be seen 1n all coats of the
colon but the appearances seem to be nothing more than the vascular response to

Fic 103 —Destruction and dilatatton of crypt to produce an isolated
crypt abscess in ulcerative colttis (haematoxyltn and eosm > 80
reduced by one third in reproduction)

an acute inflammatory process (Fig 104) Bleeding into the ruptured crypts and
ulcerated areas 1s common

The loss of continuity of the surface epithelium gives free access for the normal
1ntestinal flora to enter the submucosa and lamina propria

Damage and repair in the diseased areas tend to go hand wn hand so that a
single specimen may show all stages from commencing and progressive ulceration
1n one area to epithelial regeneration and repair i another Vascular granulatton
tissue infiltrated by Iymphocytes plasma cells and eosinophtls ts formed in the
damaged areas Fibrous tissue 15 laid down which tends to contract and dimtnish
the apparent size of the leston Epithehal regeneratron occurs with the production of
flattened cells which grow out from adjacent surviving crypts (Fig 105)

The process of repatr may become complete so that the mucosas reconstituted
Ths state of quiescence may continue for varying pertods without further activity
During this phase the symptoms may be mild and stgmordoscopic appearances
1nconclusive Granularity of mucosa and loss of distensibility are common during
this period Less ly the p may d and the
appearances may become completely normal
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vacuolated cytoplasm breakdown of nucler and loss of cell outline Numerous
neutrophils can be seen passing between these hmng cells (Fig 102) The earliest
active leston scems to develop in the bases of the crypts and progresses to produce
the charactenstic hustological changes of the fully developed disease process

The tn the 1 areas between grossly ulcerated
and apparently normal mucosa show all the changes already described together
with evidence of progression to produce more widespread and more severe in
flammatory damage Thus some zones show early cellular degenerative change
and small esostons whilst others show frank ulcecation with destruction of large
numbers of adjacent crypts

In 7 cases 1slands of typrcal ulceration were found 1n areas of mucosa which
were otherwise normal These zones consisted of 2 or 3 large ulcers with intervening
eroded and injected mucosa sharply d d from the sur ding normal
colon They show a marked tendency to occur n the lower caecum particularly
on the wall directly oppostte the ileo-caecal valve (Fig 107) In one case ulceration
occurred around the onfice of the appendix and these large foer of disease are
designated skip areas  The appearances of these lesions both macroscopically
and mucroscopically differ 1n no way from those typical of ulcerative cohus They
are remarkable only for their occurrence at some constderable distance from the
matn areas affected by disease

Reports 1n the hiterature (Levine ct al 1951 Jacobson and Kirsner 1956)
have that abi m the ground sub: of the
basement membrane of the ep thehal cells might give nise to rupture and abscess
formation Sommers et al (1953) when repeating this work felt that any defi
crencies 1 basement membrane which they found were the result of the inflamma
tory process rather than its cause A personal study has been made of the eprthelial
‘basement membrane at the junction between normal and abnormal colon and 2lso
1n the normal mucosa adjacent to early Jesions Itss felt that if basernent membrane
changes are of any significance they should be demonstrable n tntact mucosa
before erosions or ulcers develop No such changes were found using fresh fited
material from operatton specimens stawned by the Hotchkiss (1948) P A S method
On- agrees therefore with Sommers et al (1953) that the defici~nctes of basement
membrane in the ulceratne phase and the thickemng and srregulanty which may
be seen following reparr are post snflammatory chanzes

Vascular lesions have been suggested by 2 number of authors as the cause of
mucosal damag~ 1n ulcerative colitis Gallart Mones (1954 1956) holds the siew
that the changes are imtiated tn the submucosa where he states that vascular

thel! grves fise 1o sub b with subseq
mfarction leading to miliary abscess formation and wleeration Busson and le
Quuntrec (1954) bed “supy 1 capyllary " as the earliest change

m this disease and without gving any clear-cut reasons stated that “circulatory
disturbances play an essential part sn the histopathology of the disease™ (Busson
and D-laru~ 1956) Warren and S (1949) suggested that a small prop,

of cases of ulcerative colirs (19 of their 150 cases) resulted from mucosal degen

eration follow g an iadequate blood supply caused by necrosts and thrombosis of
blood vessels 1n the submucosa and mesentery as in polyartenus nodosa This
condition th=y called “sasculitss™ More recently Ihre (1956) has stated that in
about {0 per cent of patients with uk colitis 1
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- 7 Fi6 107 — Skip area near tleocaecal vahe
in uleerative colitis the mam area of disease
tel nat;
Fo 105 Buned  epnetim c:lrsvevu ting 1n the transverse colon i this
area of repair In quiescent ulcera
tve colitis  (haematoxyhn and
eosin % 125 reduced by one half
m reproduction)

seen 1n this area and fibrous tissue 1s graduatly laid down A small zone of ulcera
t1on may be healed and obliterated completely by fibrous tissue drawing together
adjacent areas of mucosa which although abnormal have escaped complete
destruction

THE EARLY LESIONS OF ULCERATIVE COLITIS

When examtnation 1s made of those areas of colon where frank ulceration has
taken place 1t 1s usually impossible to assess the earliest histological changes of the
process A recent study has been made of 41 surgical spectmens where onlv part
of the colon was involved by disease (Lumb and Protheroe 1956b) When these
specimens were studied macroscopically after removal small focal abnormaluttes
could be demonstrated 1n the areas of colon which at first sight appeared normal 1n
22 of the 29 cases where total colectomy had been performed (Fig 99) The
Junction between normal and abnormal mucosa 1s never abrupt and n all 41
specimens a gradual change could be seen covening an area of several centimetres
where diffuse ulceration gave way to more discrete lesions

When the apparently normal mucosa Is d 1l 1
abnormalities are seen There are 1solated crypts of Lieberkuhn plugged with
polymorphonuclear leucocytes with a surrounding mild degree of capillary
dilatation and infiltration of the lamtna propna with lymphocytes The smallest
lesions visible to the naked eye in these otherwise normal areas of colon are
scattered and punctate varying from tiny red spots to larger erosions and small
ulcers surrounded by pale normal looking mucosa The microscopic prcture
shows single or adjacent groups of crypts distended with pus cells lying in their
lumina (Fig 103) The cells hning these crypts show degenerative changes with
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CANCER AND ULCERATIVE COLITIS

Thete 1s very hitle 10 add to what has been wntten slready on thus subject Bargen
et al (1954) basing their observations on a series of 1500 cases of ulcerative
colitts seen at the Mayo Clin ¢ stated that careinomais 20-30 times more common
as 4 cause of death in this disease than in the population as a whole 1t seems
probable that makignant change occurs more frequently 1n those who have had
colitis for many years (Counsell and Dukes 1951~2 MacDougall 1954)

In the sertes of 346 cases at the Gordon Hospital 7 have developed carcinoma
of the colon In § cases the disease had been present for more than 10 years 1n
1 case for 9 years andin { case for 2§ years

A recent comparative study of diverticulitts and ulcerative colitts (Lumb and
Protheroe 1956a) showed that the essential difference 1n the mucosal changes in
these two discases ts the tendency for localization to occur m dnerticuhtis and
where spreading mucosal damage does exist 1t 15 usually of a degree mild enough
1o allow complete regencration In ulcerative cohitis on the other hand spreading
mucosal ulcesation 15 the sule and repair when it occurs 1s snadequate and tends
to produce altered and sometimes frankly bizarre cell forms Dukes (1954) stressed
the occasional finding of hurted epithehum dunng repair (Fig 106) It seems

ible to suppose tt that this inad repair mav be
one of the factors 1n malignant change and may be contrasted with the complete
regeneration most commonty occurning in diverticulitis where 1t1s usually accepted
that there 15 no evidence of an increased tendency to the development of carct
noma (Stewart 1931)

CONCLUSION

Breakdown and death of futly differentiated mucosat kung cells with regeneration
and repair by cells at the bases of the crvpts of Licberkuhn 1s a normal phenom
enon The balance of this process must be very finely adjusted so as to allow for
the minor traumas to the mucous membrane which normally occur

In the spearfic mnflammatory conditions which affect the colon although wide
spread superficial damage occurs full and adequate regeneration follows It has
been suggested {(Felsen 1945) that condiions such as bacillary dysentery may
sometimes lead to a chromic ulcerative coliis but in our expenience if this 1s true
1t must be excessnvely rare

The study of the earliest morphol 1 changes 1n ulceratine colitis sugsests
that 1t 1s unhikely that any specific extrinsic cause of the disease exists It seems
mote probable that a vanetv of stmuls both mtrinsic and extnasic may be
sufficient to produce spreading ulceration of the colonic mucosa in an individual
where there Is some tntrinsi farlure of normal epithelial regeneration
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THE PATHOLOGY OF ULCERATIVE COLITIS

revealed changes of the polyartenitis nodosa type These were esther localized 10 the
colon only or found tn most organs of the body

A careful personal study of 130 operation specimens and 271 rectal biopsy
specimens 1n which particular attention has been patd to the state of the vessels
both in the bowel and in the mesentery has not revealed any cases where )t was
felt that vascular changes played a primary part 1n the production of the lesions
in the colon Occastonal thrombosts and evidence of endarteritis have been seen
and sometrmes—particularly in the older patients—atheroma has been noted On
the basis of this work therefore 1t would seem that the vascular abnormalittes
are either dary to the mft Y process or dental d e
changes 1t 1s conceded that cases of polyarteniis nodosa may produce 1ntestinal
lestons but so far no example of tius phenomenon has been seen which gasve rise
to confusion of diagnosis with ulcerative colttis

RECTAL BIOPSIES

It 1s perhaps surprising that despite the ease of obtaining rectal biopsies and the
considerable expertence of this techmque which exists 1n the diagnosis of carcinoma
of the rectum (Gabriel et al 1951) 1t 1s only in recent years that reports have
appeared of 1ts uses 1n ulcerative colitis (Rachet et al 1942 Lumb and Protheroe
1955) Other workers (Truelove and Richards 1956) have used a suction technique
for obtaining mucosal material from the sigmoid colon The results obtatned by
the two methods appear to be similar but 1t has been the expenience at the Gordon

FiG 108 —Typrcal appearance
of rectal biopsy specimen
in a relatively quiescent case
of uleerative colitis (haema
toxyln and cosm ~ 30
reduced by one half in re
production)

Hospital that the nterpretation of the larger preces obtainable by drect viston
rectal bropsy 1s easier From the clintcal point of view 1t 1s important to mention
that tn retrospect none of the 238 patients tn whom rectal biopsy has been per
formed has suffered any 1l effect There s no suggestion of any exacerbatton of the
disease process following biopsy Rectal biopsy 1s of value as an additional method
of diagnosis and 1t 1s particularly useful 1n quiescent phases of the disease when
sigmotdoscopic appearances are most difficult 1o interpret The frequency of rectal
1nvolvement in the disease and also the inadequacy of mucosal repair which occurs
can be demonstrated (Fig 108)
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111 SURGICAL TREATMENT OF ULCERATIVE COLITIS

BrRYAN N BROOAE

INTRODUCTION

DURING the last ten years the status of surgery in the treatment of ulcerative
colitis has changed Whereas operation was undertaken only as a measure of last
resort 10 avert death 1t 1s now recognized as a measure whereby a patient may be
restored 10 full and gainful Wfe As a result the mndwations for operation have
become clanfied and widened furthermore with accumulating expertence 1t has
proved possible to temove the colon successfully from patients desperately 1l
from acute complications such as perforation and haemorrhage thus saving further
lives hitherto considered irredeemable This change 15 due to the adherent bag
which has enabled 1leostomy exudates to be controlled without leakage thus
preventing not only incapacity but also the serrous discomfort of skin exconiation

This improvement has brought with it further problems and a shift in emphasis
regarding surgcal techmque Previously an tleostomy was protected by a box
which 1n no way provided a water tight seal leakage was expected and accepted

excision of the colon was at that time the major concern Now with the advent of
the adherent bag 1t 1s of the first importance that the ileal stoma should be efficient
and be capable of proper adaptation to 1ts prosthesis  for leakage can no longer
be condoned Indeed success or farture of treatment rests almost enticely on the
stoma for though the disease 15 eradicated by ablation of the large bowel the
patient will remain p d should the 1l fail The tech for
fashioning the stoma therefore requires the closest attention and the complica

tions which may render it 1nefficient must be avoided or be capable of correction

It 1s these matters rather than the manner of rcmoval or the large bowel 1o which

attention must be pald \fsurg:ry 15 !o ence
has been d, as regards the type of cases suuahle
for operation and the nppmprmc time for this to be undertaken A better apprecta

tion of pre operative and past operative el has d the

measure of safety

During the same period controversy has revived regarding the need for a per
manent ileostomy resection and anastomosis being favoured by a small group
(Aylett 1956) Desprte expenience both in Great Britamn and 1n America (Gabriel
1953 Cattell 1953)1ndrcating that resection and tleo sigmoid anastomos:s 1s almost
invariably followed exther by persistence or sooner or later by recurrence of the
disease 1n that part of the large bowel which1s retained and by 1ts complicattons so
that further excision and permanent ileostomy become mcvnable 1t 15 the conten

tien that where slea d fails eo ucceeds being
lasd upon the need to remove the very last inch of colon h 15 difficult to accept this
ure alone d colon from rectum and indeed

the upper lhxrd of the rectum 1s misnamed since 1t develops embryologreally as part
of the colon Furthermore resection and anastomosis can only be an attractive

329



THE PATHOLOGY OF ULCERATIVE COLITIS

Busson A and le Quintrec Y (1954) Arch Mal Appar Dig 43 1154
Counsell P B and Dukes C E (1951-2) Brir J Surg 39 485
Crohn B B (1949) Regmnal Hewns London Staples Prcss
—and Rosenak E D (1936) J dmer med Ass 106 1
Dukes C E (1954) Ann R Coll Surg Engl 13 389
Felsen J (1945) Barlllar} Dysentery Colitss and Enteriis Philadelphia
Gabniel W B Dukes C E and Bussey H J R (1951} Brir 7 Surg 38 401
Gallart Mones F (1954) AMinensa chir 9 477

— (1951 Pathological Ana(nmy of Severe Ulccmmc Colitis _ Proceedings of the International

Congress of ry London 1956 (. 1 the press )
Ginsberg R S and Ivy A C (1946) Gastroenterology 7 6
Grace W J Wolfl S Wolf H G and Seton P H (1949) Amer J med Su 217 241
Huatt R B_Flood C Darush A and Engle C (1952) J clir Imest 31 721
Hotchkiss R D (1948) Arch Biochem 16 131
lhre B J E (1956) Pathology of Ulcerative Coltis  Proceedings of the International Congress

of Castroenierology London 1956 (Gastroenterologia n the press )
Jacobson M A and Kirsner J B (1956) Gastroenterology 30 2
Kemn F Almy T P Abbot F k and Bogdonoff M D (1951) Gastroenterology 19 492
kocholaty W Ellis W E and Jensen H (1952) Blood 7 882
Levine M D Kisner J B and Klotz A P (1951} Science 114 552
me R (1939) Arch intern med 63 210

b G D and Protheroe R H B (1955) Lancet 2 1208
*‘(19563) Arch Path 62 185
7—(]955!)) (Gaxlmmlt‘rulagm 1n the press )
amsay G S (1955) Brif J Smg 43 182
MacDoug;lll I P M (1954) Brit med J 1 852
Meadows E C and Levison J (1952) Gastroenterology 21 569
Meycr K Gellhorn A Prudden J F Lehman W L and Stemnberz A (1947) Proc Soc
p Biol NY 65 231

Mocl]tr H C Klotz, A P and karsner J B (1952) Gastroenterology 20 604
Northop J H (1926) J gen Phisiol 9 297
Protheroe R H B {1956) M D Thesis Cambridge Um\crslly
Rachet J Delarue J and Busson A (1942) Pr nel 47 6.
Reifenstetn R W and Gray S J (1951) Gastroenterology 19 547
Rictir C Chanoine F Bernier § § and Lambling A (1956) Sem Hop Fans 32 17
Sammons H G (1951) Lancer 2 239
Sommers S C Anderson L M and Warren S (1953) Lab Imess 2 2
Spriggs E A Code C F Bargen J A Curtss R K and Hightower N C (1951) Gassro-

enterology 19 480
Stewart M J (1931) Lancet 2 617
Stoughton R B (1952) Scrence 116 37
Sydenham T (1688) Medical Observations. Cﬂm‘(rmru History and Cure of Acute Diseases 3td

ed Vol ! (Trans by Greenhill 1898) London

Teuelove S € and Richards “ C (1956) Enl med J 1 1315
Ungar G (1952) Lancer 2 742
Warren S and Snmmers’S C (1949) Amer J Path 25 657
_— Gastroenterology 13 5.
Wilks (égsz?:ld Movon W (IKSYIS) Lectures on Path Anat 2nd ¢d Landon Churchill
Wnght R D and Florey H W (1938) Quart J exp Physwol 28 297




INDICATIONS FOR SURGERY

those who are not recewving corticords but their condition ss Jess likely to detenor
Ate n this manner and when 1t does so the circumstances at laparotomy are
easter to contend with there betng no adhesions unless perforation has occurred
and then at one sie only no dissolution of the colon wall and less fragtlity
The decision s rendered the more difficult 1n the hght of the fact that remission ts
imtiated or expedited 1n many patents by corticosterords (Truelove and Watts
1954 1955) but these drugs should be absolutely contra indicated 1 patients
already distended and are likely to be of litle value in the chronc case therr
admimistration should cease as soon as 1t 1s apparent that no improvement 1s
taking place When surgery 1s decided upon these drugs should be withdrawn
though further administration may become necessary at the time of operation and

= rer————

Fic 109 —(a) Banum enema before cortisone treatment (b) strarght radiograph of
abdomen revealing the degree of colonic difatation after 6 weeks treatmment

immediately afterwards to avord collapse due to adrenal failure from operative
stress supervening in 1 situation of depletion

Certain acute conditsions demand emergency surgery rarely haemorrhage 15

and calls for d and profuse bleeding may then

persist from the rectum alone necessitating is exeision also Perforation 1s best
anticipated by colectomy in the stage of impending perforation when the colon
in part of whole distends as a result of the weakening of 1ts walls by the combina
tion of mfection and cor ds Very rarely an area of
perforation becomes sealed off and the patient survives 1f such a case 15 seen i
2 or 3 days after the event 1t 15 wise to defer surgery provided 1t 15 obvious that
deterioratton 15 not occurring  Colectomy 1s required for free perforation since
1leostomy alone with attempted suture and drainage seldom averts death Indeed
1f the colon remains it 1s likely to perforate agam another day sometimes within a
week even though the faecal stream has been dierted via an ileostomy
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alternative to excision of the whole large bowel so long as ileostomy is incapable of
proper management and 1t 1s 1n part due to a fallure to appreciate the improve
ment wrought 1n this respect that resection continues to be advocated by some

Perforation and exsangumating haemorrhage can occur from the rectum
necessitating 1ts excrsion ab o also remote complications such as arthntis
may start due to retention of the rectum followng resection and anastomosis and
so may carcinoma Uncertarnty regarding health must mevitably persist so long as
any part of the large bowel remains Resection cannot therefore be regarded asa
routine procedure 1t should be reserved for the rare case in which the rectum 1s not
mvolved for chuldren untit of an age when an 1leostomy can be managed and for
those with mental deterioration

INDICATIONS FOR SURGERY

When a patient s condition continues to deteriorate despite all other forms of
therapy the ime has come for operation this might even be extended to include
those patients whose condition remarns stattonary It 1s under these circimstances
that the decision for surgery 1s most difficult to make a patient who has been il
for only a few weeks may require operation yct there is a natural inchnation for
those attending lum to hope that smprovement may yet occur This Micawber hke
attitude 15 still responsible for a number of otherwise avoidable deaths more
particularly so since the introduction of corticosterord therapy

A point 1s reached when continued and sevcre diarrhoea produces a metabolic
disturbance which 1s wrreversible 1n particular total serum proteins fall with a
reversal of the albumin globulin ratio and serum potasssum may fall to levels
below 3 millt equnvalents per Iitre  when such changes can n1o longer be corrected
operation 15 hikely to prove fatal

Cortisone and ACTH now complicate the picture and indeed make the surgral
task more difficult and more hazardous These drugs are frequently admurustered
for too long mn patients who show no beneficial resp the being to
give them a full tral the electrolyte disturbance 1s increased thereby and at the
same tme the integrity of the bowel wall 15 seriously prejudiced with the result
that 1n those patients who do not respond to these drugs atonsc dilatation occurs
the wall becomes paper thin and prone to perforatc and becomes adherent to
surrounding structures In some cases the bowel wall s entirely destroyed feaving
the abd 1 parietes as sub This d 1s accompanted by marked
deterioration 1n the general condition of the patient with fise 1n pulse rate and

by acute abd 1 d due to colomc dilatatton (Fig 109)

and by pain

The adherence of the bowel—remarkable by sts absence 1n ulcerative colitis
untreated by corticosteroids—together with the marked frrability of 1ts wall present
to the surgeon di ties which on prove 1mpossible to over
come In those cases recerving corticosteroids 1t 1s important therefore that the
deciston to operate should be made before distenston occurs and beforc temperature
and pulse rate start to rise above their already abnormal levels for to delay 1s to
deay both the pauent and the surgeon the proper condrtions for success It 1s
wise but less imperatne that the decision should also be made at this stage n

330




PRE OPERATIVE AND POST OPERATIVE CARE

PRE OPERATIVE AND POST OPERATIVE CARE

“The most important featuce 1n pre operattve care is to bring the patient to leostomy
rather than ileostomy to the patient This 1s best achieved by explaining that the
purpose of operation 1s to enable the patient to return to full activity and normal
ife and then ind he impl of a permanent il The rest may
be left to a former patient 1t 1s now possible to use the visiting service arranged by
QT Bntain the national ileostomy association for this purpose A vistt from

g 110 —The small
bowel 1t entero
colitts

Fig 111 —Tleocaccal valve
and termungl dleum 1n
colo dlettis

one who already has an ileostomy provides the most convincing argument
favour of the operation to be undertaken and at the same time ensures an accurate
account of ileostomy management

Protem replacement 15 important before operation smce up to 15 grammes of
nilrogen may be lost in the stools daily (Posey and Bargen 1950) the plasma
protems are often low with a reversal of the albumin globulm ratio changes which
are difficult and to correct g 1l an average
of 2-3 grammes 15 lost from the stoma mn the immediate post operative persod
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The fulmmaung disease can be checked by urgent surgery though many
advocate colectomy on the logical grounds that toxicity will not be overcome while
the colon 1s retamned lleostomy as the imtial step 1n these cases has proved to have
no higher mortality rate (Brooke 1956) than primary colectomy though con
valescence 1s then more protracted

In many chromic cases 1t eventually becomes obvious that the patient will con
tinue to lead a useless ewstence only until the large bowel has been removed
operation 1s therefore required for anyone unlikely to return to normal hfe after
any other means of treatment That normal hife can be attamed thereby 15 proved
by results revealed after follow up of patients who have had an ileostomy for a
considerable time (see below) but 1 most chronic cases the scales are tipped m
favour of surgery by the onset of complications both ano rectal and remote Of
the remote complications arthnitis affecting marnly the large joints 1s the common
est the condition subsides 1f the large bowel 1s removed before delay has caused
permanent changes within the jomnts Erythema nodosum stomatitis and pyoderma
gangrenosum a rare complication also respond to excision while intis also rare
will cease but usually not before permanent changes have occurred

In the anal region ulceration 1s often gross and associated with fistula 1n women
rectovaginal fistula 1s not uncommon Excision of these local lesions in the usual
manner leaves areas which will not heal removal of the large intestine 15 therefore
necessary Stenosis throughout the rectum is sometimes seen frank strictures
whether 1n the rectum or colon make procto colectomy imperative for another
reason since carctnomatous change lurks at these sites The possibility of malg
nancy 1s greatly increased in the long standing case so that for any patient who
has had ulcerative colitis for 10 years or more removal of the bowel 1s ndrcated
on this ground alone particularly as no alteration or development of new symp
toms other than perhaps pain occurs to reveal that malignant change 1s taking
place Late recognitsion doubtless accounts for the poor results which have followed
excision when carcinoma is present though the prognosss when the condwon 15
revealed radwologically rather than by a climical change 1s not entirely hopeless
(Brooke 1956) It 1s also worth noting 1n this respect that pseudopolyposis cannol
be regarded as implying a pre malignant state as some reports have suggested
Confusion has anisen with adenomatous polyps 1n ulcerative colitis the polyps are
commonly mucosal 1aps sometimes granulomas and rarely adenomas The
presence of pseudopolyps as revealed by sigmoidoscopy and barsum enema should
not therefore be taken as an indreation in itself for excision of the bowel

CONTRA INDICATIONS TO SURGERY

Contra wndications to surgery are few As already mentioned an ileostomy 1s to
be avorded in children and patients with mental deterioration Enterocolitss (right
stded colitts) 1s a further instance since 1n this condition the small bowel 1s nvolved
(Fig 110) making sleostomy mappropriate (Cooke and Brooke 1955) When
however the tleum 1s Ived darily to true ul tive colitis (colo alestis)
through breakdown of the ileocaccal valve (Fig 111)ileostomy s successful even
when the stoma has been fashioned from a segment which was inflamed (Brooke

1956)
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TECHNIQUE

enabie the proper vse of the adherent bag an instructional film s helpfil 1 ths
respect Mast patients choose to change the bag tor the purpose of cleaning once
each day sometimes twice but 1t can be feft on for as fong as 3 or more days the
Iess frequently the bag 1¢ detached the better 1s the conditron of the skin
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TECHNIQUE

A recent trend has been towards removing the large bowel # toro at one operation
whenever possible thus eliminating the rep ated nisk of post-oprative complica
tions Should the patient s condition be such that a dissection within the pelvis
cannot be undertaken mtally then the chowe hes between primary colectomy
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SURGICAL TREATMENT OF ULCERATIVE COLITIS

falling to 1 gramme when the stomn s fully cstablished (Fig 1124) As regards
electrolytes potassium loss 1 the main pre opcrative concern the serum potasstum
falling to figures 15 low as 2 9 mull equivalents per litre potassium loss 1s reduced
by deostomy (Fig 1125) and the electrolyte problem is then switched to sodum
which may be excreted from the stoma at 1 rate of 200-400 nutis equivilents per
hitre (Fig 113) Potassium replacement 1s nceded pre operatively but post opera
tively only when 1leostomy disturbance occurs wherens attention must be directed
towards sodwm replacement following ileostomy Since sodim loss and the
volume output are closely correlated (Fig 114) 300 milh equivalents of sodium
should be administeted for every litre of fluid excreted When an ileostomy begms
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ileostomy (esttmations from 7 cases) ileostomy (estimations from 7 cases) In
The hugh peak 1o 1 case occurning 7 1 case the high post operative output
days after tleostomy wAs due to pseudo at the seventh day was due to pseudo

t enteritis E: prior b eateritis 1 anather the
to 1leostomy are from the diarrhoeic mmmeditte post operative  output was

high 1n association with tlutis secondary
to the original colitis Estimattons prior
to tleostomy are from the durrhoeic
stools

stools

to act the volume output 15 high—from 2 to 3 litres or more daily This fatls to
250-500 mulhittres daily from the estnblished sleostomy In the post operatune
period therefore mntravenous adminustration 15 usually required to restore both
salt and fluid 1n adequate quantity

The shin surrounding an tleostomy becomes excoriated very commonly soon
after its establishment This may be prevented to some extent by covenng the
surrounding skin with 1 plastic film (Nobccutane) at the time of operation
Alleviation can be obtatned with one of the following Baltumore paste zin¢
cream barrier creams hydrocortisone omntment and silicone cream It invarrably
heals but will recur with the development of rubber sensitivity or complications
such as fistula or recession Before leaving hospital the patient 1s mstructeg n
the care and management of the ileastomy tn ordet to avod excortrzon nd to
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enable the proper use of the adherent bag an nstructional film s helpful s this
respect Most pattents choose to change the bag for the purpose of cleaning once
each day somenmes twice but 1t can be feft on for as fong as 3 or more days the
less frequently the bag 15 detached the better is the condrtion of the skin
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TECHNIQUE

A recent trend has been towards removing the large bowel m foto at one operation
whenever posaible thus eliminating the sepeated nisk of post operative vomphea
tions Should the patient s conditton be such that a dissection within the pehus
cannot be nndertaken imuially then the choice hes between primary colectomy
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followed by excision of the rectum and 1l y with subseq| p
primary col 1§ le as the fitst stage siace this removes at
the outset a mayyor part of the source of sllness and at the same time makes posstble

a termunal sleostomy which 15 techmeally easier to construct and more satisfactory

i outcome At primary colectomy the bowel 55 divided caudally through the

sigmoid and the distal end brought out through the abdominal wound as a non

functiomng colostomy 1o be removed later at a synchronous combned excision

of the rectum The caudal section may be made at the petvic floor and the distal
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end closed so thit the rectal stump can be removed later per perineum this
however prolongs the mitial operation considernbly 1nd letves within the abdomen
a sutured distal end of bowel which may be unsound furthermore penneal
excision of the rectum 1s sometimes rendered difficult by adherence of small bowel
to this stump and 15 usually more disturbing to the patient than a synchronous
combmed exciston

The 1leostomy

The need to place the rleal stoma at a site appropriate for the accommodation
of the bag is now widely appreciated the most common fault n the past having
been to place 1t so low that the flange impinged upon the groin with flexton of the
hip causing it to become loosened from the skin Mucosal eversion (Brooke 1952)
1s now widely practised in both Great Britain and the United States of Amertca
(Fig 115) and was pnimanly designed to avoid stenosis which previously occurred

S—— L
i Fi6 115 —(@ Method

of mucosal eversion
below as compared
with simple exterioriza
nEum tion of ileum (b) the
stoma resulting from
everston (By courtesy
of the Editor of the

SKIN
Lancet )

ATOOM NAL
WALL

Eum

)
i at least 25 per cent of all cases Since employmg this technique stenosis has
occurred only once 1n 76 sleostomies Prolapse with 1ts corollary recession 1s
avoided by proper fixation of the mesentery to the parietes within the abdomen
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RESULTS

Of 106 patients with eostornes performed by the present wrter and surviving 3
he

have suffered prolapseand 6 1 y becomes detached
as the patient gans weight

Fistula at skin level 15 2 fuvther ! g the stoma meffi
1t aceurs ifeniorly and 1s due to chafing by the flange of the adherent bag—again
when the tleostomy 3s sited too low All such 1088 can only be

by a proper revision of the seostomy conducted through a separate faparotomy
merston  measures confined to the vieostomy itself fal are prone to Jeave scass
causing srregufanty of the skin and thus impast adhesion of the bag

Iatestinal obstrction 1s a major comphcation encountered m a1l chmes (Swintos
1936) and 15 due partly to the natural wncid of adh folt g abd 1
operations 1 the presénce of infection and mflammation 2and pantly to the un
natural stoma Duning the first 7~102 days approximately 23 per cent of patients
suffer partaal obstruction at the stoma lasting 24-48 hours this seldom requiees
laparotomy for its rehief After the deostomy has begun fo act the compleie
fatlure at any penod to pass any wind o flusd through the stoma for more than
24-36 hours associated with cohie calls for operative relief

RESULTS
Mortahty rate

OF 134 patents submitted 1 the elective procedure of permanent ileostomy and
ewmsion of the bowel 11 have had resection and snastomosis fos the reasons
already gren and 3 of these have already requised converston to & permanent
deostomy Thirteen of the total of 145 have died following operaion gvmng a
montality of 8-9 per cent (247 operations have been performed excluding those
required for revision of the stoma gring an operative mortality of 5 per cent)
Four late deaths have accurred | from lung abscess 2 from obstruction and {
from carcmoma  thus the over all mortality followsng surgery has been 12 per
cent a figure in aecord with that from the Lahey Chime (Swinton  1956)

Post operative sdaptation

A feview was undertaken at December 1955 of all survivors with a view to
assessing life with an ifeostomy 4 were lost 1o follow wp The following questions
were put to 1 patients with whom contact could be made

Are you well?

Are you at work 2t a job or household duties?

How soon after operation did you teturn to work”

Can you follow yoor usual pastimes?

Do you find your actnatses are howted 1 any way?

Is the sfeostomy satisfactory”

What was your weight before operation and what 1s it now®
Do you ot yaur diet 1 any way and if so why”>

From the Table 1t wili be seen that of 101 deostomy patients followed 92 were
at full work 7 beng comalescent The 2 pavents doing ro work were nearly
bhind foltowng ttts 1 having arthatis in addition Five patients did not regard

the deostomy as satisfactory though they did not £0 50 far as 10 stawe that 1t was
MYO 22 337
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end closed so that the rectal stump can be removed later per perineum this
however prolongs the inmitial operatton considerably and leaves within the abdomen
a sutured distal end of bowel which may be unsound furthermore penineal
excision of the rectum 1s sometimes rendered difficult by adherence of small bowel
to this stump and 15 usually more disturbing to the patrent than a synchronous
combined excision

The 1leostomy

The need to place the ileal stoma at a site appropriate for the accommodation
of the bag 1s now widely appreciated the most common fault 1n the past having
been to place it so low that the flange ympinged upon the grom with flexion of the
hip causing it to become loosened from the skin Mucosal eversion (Brooke 1952)
1s now widely practised in both Great Brtamn and the United States of America
(Fig 115) and was primarily designed to avoid stenosis which previously occurred

S L I
ABOOMINAL
WAL Fic 115 —(a) Method
of mucosal everston
below as compared
with simple exterioriza
HEuM tion of Hleum (5) the
stoma resulting from
eversion (By courtesy
SKIN of the Edior of the

Lancet)
E E TR
WALL

Heum

®

1n at least 25 per cent of all cases Since employmg this technique stenosis has

occurred only once 1 76 ileostomres  Prolapse with its corollary recession 1§

avoided by proper fixation of the mesentery to the parietes within the abdomen
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RESULTS

Of 106 patients with sleostomues performed by thie present wriler and surviving 3
hase suffered protapse and 6 recesston Sometimes the mesentery becomes detached
ay the patient gains weight

Fustulz at skan level 15 a further comphication rendermg the stoma mefficient
1 occurs mfersorly and 1s ue to chafing by the flange of the adherent bag—agun
when the Neostomy 15 sited 100 low Al such 10ons ¢an onty be d
by a proper reviston of the ticostomy conducted through a separate laparotomy
ncision measures confined to the rleostomy ttself fml are prone fo feave scars
caustng irregutarity of the skin and thus impmr adheston of the bag

int 5.2 magor 3 encountered 1n alt ehinics (Swinton
1956) and 1s due partly to the nateral of adt towrng abd
operations m the presence of mfection and mnflammation and partly to the un
natural stoma Durtng the first 7~10 days approvmately 25 per cent of patients
suffer partial obstruction at the stoma lasting 2448 hours this seldom requires
Isparotomy for its selief Afier the sleostomy has begun to act the complete
failure at any perrod to pass any wand or flud through the stoma for more than
24-36 hours assowsated with colic calls for operative rehef

RESULTS

Miartahty rate

Of 134 pauents submutted 10 the elective proceduse of permanent ileostomy and
exeision of the bowel 11 bave had resection and anastomoss fac the reasons
already given and 3 of these have already required comversion {o a permanent
tlcostomy Thirteen of the total of 145 have died followmng operation gning a
mortalsty of 8-9 per cent (247 op have been f¢ d dwag those
requuired for reviston of the stoma grving an operatne mortahty of § per cent)
Four late deaths have occurred 1 from Jung abscess 2 from obstruction and }
trom carcmoma thus the over all mortality followsng surgery has been 12 per
cent a figure 1n accord with that from the Lahey Clime (Swinton 1956}

Post operative adaptation

A review was undertaken st December 1955 of all sunvnors with 3 view to
assessing bie with an steostomy 4 were lost to follow up The following Qs s
were put to 101 patients with whom contact could be mude N

Are you well?

Ase you at work at a Job or household duties™

How soon after operation did y0u returd {0 w ork™

Can you follow your usual pastimes”

Do you find your actvstics are hnmted 1t any way®

15 the Acostomy sanfatiory®

What was your weight before operation and what st nom®
Do you bimit your diet 11 any way and, 1f 50 why®

From the Table it wili be seen that of 101 eostomy patisn fof
g; f:ilir\;‘urk 7 being comvalescent The 2 patients dozog ;a o

ind fellowing ints | having asthstss m addu F oy
the ileostomy as sausfactory though they did ::o‘: P vt

e, 82w

oD el £O50 fires o stmmaomn P



SURGICAL TREATMENT OF ULCERATIVE COLITIS

TABLE
FOLLOW UP FINDINGS

Interval since first operation () ears)

Total
S+ 3-5 63
— — —
No of patients 39 25
Health 37 o
it 37 23 30 90
Reasonable 2 1
v 2 H 7 cgw 0@ c;)nv )
Wark
Fult 38 24 30 30
Lirmuted — — 7 conv 7 conv
None 1 t -— 2
Pastimes
Full 35 19 25 79
Limuted 4 6 12 cony 22 (12 conv )
Activities i
Full 25 13 17 60
Limited 1 7 20 (7 conv ) 41 (Tconv}
Heostomy
Sausfactory 38 23 35 96
(4 exc) Bexc) “exc)
Unsatisfactory ‘ 1 2 2 5
| deaky } (exc) fexc)
Weight , f
Gained 34 24 32 9%
Stationary 2 — 3 5
Lost J 1 2 6
Diet
Full 17 1 27 50
Restricted 19 M n 4
Unstated 3 — 4 7

Conv = convalescent exc = excoriation of skin leak = leakage

unsatisfactory nor were they prevented from following full emptoyment 11
patients who dered the to be 12 y suffer shght or nter
mittent excoriation Most patients were able to follow pastimes of their chorce
such as swimming dancing tents The limitation 1n actwity experienced by 34
patients was due to discomfort on stretching or bending and sometimes when
Iifting heavy weights 7 others were still convalescent Approximately 50 per cent
of the patients restricted therr diet most because fruit skins or pips formed an
mdigestible bolus causing colic as 1t reached the indistensible sleostomy stoma
some found that fruit juces green vegetables or salads caused the motion to
become fluid others avoided a large meal 1n the evering since this might so fill
the adherent bag duning the night as to require is evacuation 6 patients were
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RESULTS

deting wn order 10 reduce werght whuch had increased embarrassingly (4 st 71b -
12st 8§16 8 st~1551) His worth nating that the results remaned satsfactory 10
ihose treated § yeass or more previously 5 of whom had ved with an sleostomy
o1 10 years o Jonger

Impotence

The feac has been expressed {Deanis 1945) that cemoval of the sectum might
lead to smpotence n the male specafic snguiry on this point has shown the fear
to be ungrounded though 1t has not been possible to put the question to &very
male patient Three women have gone to term and breast fed their babies after
normat labour without complications 1o the fleostomy one of them has had two
normal prégaancies

Future employment of the patient

One disatulity has been encountered which anses out of a fatlure within the
medical profe 0 the fuiton wrought by the adherent ieostomy
bag Sﬁme patients when applyiag for jobs have heen unsuccessful on medical
grounds n contrast to this at feast one patient has been accepted 25 a reasonable
risk for hife wsurance

The results indicate that patients sub d to it are not
sncapacitated theseby provided the reostomy 1s effictent and designed for the
adaptation of the adherent bag In thys senes only 2 of the 101 survivors are not
bving a full hfe and therr permanent mncapacity afnises not from the sleo) stoma but
from a pre exsting comphication of the disease if surgery 1s undertaken soon
after the onset of a complication ttus will be cured and will not recur Ore
dication for surgery has been this that the tme has come for operation when
pauent appears unlikely (0 return to normal hfe after any other means of treatment
thus indication appears to be justified by resnlts
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TABLE
FOLLOW UP FINDINGS

Interval since first operation (3 ears)
Toral
5+ 35 03
No of patents 39 25 37 101
Health
1t 37 23 30 90

Reasonable 2 1 7 conv 10 (7 conv)

Unfie — 1 — 1
Work

Ful] 38 24 30 30

Limuted — — 7 conv 7 cony

None 1 ! — 2
Pastimes

Full 3% 19 25 79

Limuted 4 6 12 conv 22 (12 conv)
Activities

Full 25 18 1?7 Y

Limited 14 7 20(7 conv) 41 (7 conv)
Heostomy

Sansfactory 38 23 35 96

(dexc) Bex) (dexc)
Unsatisfactory 2 2 5
(leak) (exc) (exc)

Weght

Ganed 34 24 32 9%

Stationary 2 - 3 5

Lost 3 1 2 &
Diet

Full 17 11 22 30

Restricted 19 14 11 44

Unstated 3 — 4 7

Conv = convalescent exc = exconiation of skin leak == leakage

unsatisfactory nor were they prevented from following full employment 11
patients who considered the ileostomy to be satisfactory suffer slight or inter
muttent excoriation Most patients were able to follow pastimes of thewr choice
such as swimming dancing tenms The himitation 1n activity experienced by 34
patients was due to discomfort on stretching or bending and sometumes when
Iifung heavy weights 7 others were still convalescent Approximately 50 per cent
of the patients restricted their diet most because fruit skins or pips formed an
indigestible bolus causing colic as it reached the indistensible 1leostomy stoma
some found that frurt juices green vegetables or salads caused the motion to
become fluid others avoided a large meal 1n the evening since this might so fill
the adherent bag during the mght as to require its evacuation 6 patients were
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CARCINOMA OF THE RECTUM AND RECTOSIGMOID

anatomy and it 1s therefore necessary 1o define this region Because theres nothing
to indicate the position of the don thelarge 1f ttas d
that the level of the lower border of the sacral promontory be employed to
mark ths sie

After doaston of any pathological adhesions the large mntestine as 1t passes
1nto the pelvis 15 geatly strasghtened and the posttion of the feston 15 assessed n
relatton to 1he lower border of the sacral promontory A Ieston placed entirely
above the lower margin of the sacral promentory should be regarded as bung in
the fower sigmotd colon whereas sf 1 15 situated entirely below the fevel 1t 15
considered 1o be i the intrapenitoneal portion of the rectum When situated partly
above and partly below the Jower border of the sacral promontory or tmpinging
upon 1 the lesion 15 classified as d This landmark has been used in
the cases recorded

The distance of the sacral promontory from the anus on sigmordoscopy wilt of
course vary buf o 1s about 17 centimetres m a man of an average height of § feet
10 mches

Choice of operation

Combined exciston —In & majority of cases—three quarters—combined exaision
15 the most radical and suntable operation for cancer mn this region owing (o the
sttuation of the growth and 1ts extent when the patient seeks treatment

The sub-pentoneal portion of the rectum 1s intimately enveloped by the pelvie
fascra and the pubo coccygeus portien of the levater ani museles For this reason
radical removal of a growth at thus level can be obtamned only by sacsifice not
merely of the pelvic fascia but also the musculature of the pelvic floor

The mode of lymp! spread d ds that this op be employed for
growths sttuated Jess than 10 centimetres from the anal onifice and for those placed
below the perstoneal pouch 1 fact for growths readily palpable on digial rectal
examination

Combined excision of the rectum may be performed by the abdomino-pertneat
method of Miles or the perineo abdornal method of Grey Turner and Gabriel
Both these operations require the turmng of the pattent between the two phases of
the operation The penineo abdomtnal operation however permuts the pelvic
peritoneum to be more easily closed over an empty peivis

The use of the T ith position (Bloodgood 1906 Clogg
1923 Dewine 1937 and Lioyd Davies 1939) for the performance of combined
excision has several definite advantages and has been adopted in all operations for
<eancer of the rectum rectostgmord and feft colon The position obviates moving
the patient dunng operation and aflows a ssmubtaneous and easy access to both the
abdormnal and the penneal fields Either a two team {synchronous) or a single
handed combined exaiston may be performed or the plag and type of operation
aliered Precise di of the 15 possible the fevator am
muscles and faseial planes are readily displayed and widely excised and the
pelvic peritonesm closed over an empty pelvis

The exciston of large advanced growths which often il the pelvis 15 easies to
accomphsh by a duwal appreach by two surgeons High higation of the safersor
mesentenic artery at ws anpin from the aona dissection of uretess and removal
of other organs may be carmied out whiist the penneal dissection ts proceeding
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CHAPTER 20

THE TREATMENT OF CARCINOMA OF THE
RECTUM, RECTOSIGMOID, AND LEFT COLON

C NAUNTON MORGAN

CARCINOMA OF THE RECTUM AND RECTOSIGMOID

Spread of carciroma of the rectum
THE work of Cuthbert Dukes and his associates at St Mark s Hospital London
and many others has demonstrated that extension of growth n the submucosa of
the rectum 1s very shight and further that retrograde lymphatic spread 1s uncom
mon From an mvestigation of 1 500 consecutive operation specimens Dukes has
shown that downward or retrograde lymphattc spread was present 1n 6 5 per cent
but only 1n 2 per cent for a distance of more than 2 centimetres The primary
growth was found to be of a high grade of mahgnancy 1 about 75 per cent of the
specimens exhibiting downward spread

Upward lymphatic spread along the inferior mesenteric vessels 1s by far the
most constant and frequent pathway

Lateral spread 1n the pelvic musculature and pelvic fasea 1s unusual when the
neoplasm 15 situated above the level of the pertoneal pouch (Wood and Witkee
1933 Sauer and Bacon 1951) In fact the for a rectal with
Jymphatic metastasis situated above the peritoneal sac 1s about twice as good as
for similar lesions placed below this level Even in the absence of lymphatic
spread sub penitoneal rectal carcinomas have a shightly poorer survival rate

Gulchnst and David (1948) found that the tncrdence of local recurrence was 23
per cent when carctnomas with lymphatic metastasis were situated below the
perttoneal reflection whereas with similar growths placed above this level the
macidence was 3 6 per cent  These facts 1ndicate that lateral spread 1s more common
when the growth 1s situated tn a sub peritoneal portton of the rectum

‘Venous spread has been found 1n about 10 per cent of spectmens exarmned at
St Mark s Hospital and though venous invasion 1s unpredictable m over 50
per cent of such specimens the primary growth was of high grade malignancy

From the foregoing observations 1t 1s plain that any operation for the cure of
cancer of the rectum must allow a wide removal of the upward lymphatrc field
and 1 additon the inferior mesentertc vascular pedicle should be ligated eatly
in the operation before the pnmary tumour ts manipulated 1 order to diminish
the chance of embolic spread Furthermore the tnfrequency of downward and
lateral spread mn growths situated above the level of the pemtoneal reflection
supports the view that in sumtable cases restorative anterror resection for carcinoma
of the intrapentoneal rectum and rectosigmond 1s a radical procedure

Treatment
1ly the rectum the third piece of the sacrum but

A
\dentification of this level at operation 15 difficult and may be imposstble The site
of the rectosigmord Junction varies according to a surgeon s concept of surgtcal
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{2) The growth should be situated not Jess than 10 centimetres—by sipmode
scopie measurement~—{rom the anus and m additen be placed above the leval
of the penitoneal reflection Though the lesel of the pentoneum s vanable both
the sigmo doscopse measusentent and the refatton of the neoplasm to the perttaneal
reflection fogether afford a useful yard stick for assessment of the site of 2 nee

fasm
P (3) When an mtrapentoneal rectal growth ts advanced with evidence of extra
rectal spread or fymphatic metastass owing to the nsk of local recurrence
restorative resectson should not be perft d except Hy as a path
measure Restoration of continwmty should ot be attempted tn the presence of &
growth of high grade mahgnancy since both widespread lymphatic and venous

Fia 116 ~Removal of the
upward fymphatic field for
carcmoma of the Tectum
and rectosigmoid

e mum of $em

Par tanaal seflection

mvolvement are much more commeon especially 1 a retrograde direcion An
1 i 1s ta be when there IS a submucous tusmour with

bittle or no ulceration In such cases a hnearinfiltration extending from the grawth
due ta mvalvement of the lymphatics may be palpated i the rectal wall

Pre operative aigmordoscopie biepsy which 1s carried out 1n alt cases of caran
ama of the rectum rectongmord and distal sigmowd colon may confirm the
presence of an anaplastic carcinoma

4) R and ate ble as a rule 1w ar obese subject
with a small pehvs and a fat jaden mesentery owing to the operatne difficulties
and the mabihty to identify the mesenteric vascular pattern It 15 unwise to per
form a restorative resectton if ths procedure 1s gotng to be a difficult technical
feat A short fatty sigmoid mesentery may present restoration of continuty
except when 1t 15 possible to mobslize the transverse colon Anastomosts must be
performed without fension and with certainty of blood supply to both bowet ends

Antenior resection s an ideal paliative operation in the presence of hepatic
secondazies when the rectal lesion 35 suitable for remaval by this method
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Severe haemorrhage 1s more easily controlled and difficulties resulting from nfiltra
tion of the lateral ligaments deep 1 the pelvis or fiaty antertorly are lessened

This posttion 1s essential for the performance of an abdomino anal resection
where the anastomoss 1s performed from the perineum after the bowel has been
extruded through the anal onfice and also allows 1rrgation of the lumen of the
rectum when a restorative operation 1s contemplated

Sigmoidoscopy may be carried out whilst the abdomen 1s open this being
particularly useful 1n the presence of a soft villous tumour whose limits 1t 15

ble to define by pal, from above The employment of the svnchronous

or two team combined excision has been one of the major factors responsible for
the high operability (resectability) rate achieved

Post operative difficulties of mictuntion are more frequent following this opera
tron than after perineo abdominal excision This 15 probably due to a more exten
stve removal of pelvic tissues with the increased risk of inyury to the nervi engentes

Perineal and anterior excisions ~Both these operations have a imuted place 1
the treatment of carcinoma of the rectum A two stage perineal exciston with a
1 y y (Lockhart M y 1907) may be used as a pallrative
measure for a growth situated low 1n the rectumina poor risk patient Anterior
excision (Hartmann 1923) for growths in the upper two thirds of the rectum or
rectosigmord may be extended downwards so that the bowel 1s divided from the
abdomen at the junction of the rectum and anus Such a procedure 15 justifiable
in a patient whose general state 1s poor since it avords the additional perineal
phase of combined excision
Pelvic evisceration —Pelvic evisceration 15 justifiable only when the mam
extension of the growth 1s 1n an antertor direction and there 1s hittle or no lateral
spread If there be lateral spread the nisk of local recurrence makes thts operation
unjustifiable The poor prognosis assoctated with growths of high malignancy
1s also a contra indication The 1deal case 1s one 1n which the growth has spread
directly into the bladder with Iittle or no extension 1n any other directton

Restoratne resection —In certain selected cases removal of a carctnoma of the
rectum with restoration of continusty of the bowel has a place 1n the treatment of
growths 1n this region The nfrequency of downward lymphatic spread of of
lateral spread when a growth 1s sttuated above the level of the pentoneal reflectton
has already been dtscussed

Certain criterta are necessary for the performance of such operations

(1) The operation must allow of normal defaecation It 15 therefore necessary to
preserve the inal canal with 1ts hnmg and musculature and also a portion of the
rectal wall lymng above the ano rectal ring The rectum and meso rectum must be
removed en bloc for a distance of at least 5 by below
the lower edge of the growth and the procedure should include excision of the
same upward lymphatic field as that required for radical combined excision
(Fig 116} Anterior resection and abd anal [ 11 Werr)
both fulfil these requirements The latter operation however 1s not often per
formed since st requires an extra long loop of sigmoid colon and fucther the
functional result 1s not always perfect

Proctosigmoidectomy and operattons of the pull through 1ype¢ often give poor
control and are not recommended 1 the treatment of cancer of the rectum
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e used for anastomosts There has been a marked fall en the sumber of recursences
stnce using ths method {Table I)

The bowel lamen and divided ends ace leansed 1 a sumlar manner dunng
resection of a carcinoma of the colon even thaugh the bowel above and below the
growth has been excluded as suggested by Warren Cale

Operability {resectabiln) eate

Owing to the distressing termunal symptoms produced by a rectal carcinoma
esery affort should be made to remove completely the primary fenon In fact
semoval of the growth 15 the only y methad of pathat
For this reason 1t will be seen that the operability {resectability) rate 15 found to
e high n the senies of cases reported (Table 13}

TABLE IT

OPERABILITY (RFSECTABILITY) RATE FOR CARCINOM Y OF THE
RECTUM AND RECTO SIGMOID (1243 1936)

Refused operaticn Resected Operability

Paventsseet 4 "o for diagnasit | Inoperable o rate
only excesed {per cent}

©? 13 13 596 948

Catostemy zlone has fttle place m the palliauve tieaiment of carcinema of the
rectum and s indicated only 1 the presence of obsteuction or when there 15
excessive reetal discharg produced by secondary mfection of the growth In the
large majorty of cases exploratory laparotomy ss essential in osder to decide
operability the degree of local spread and the presente of distant metastases Even
th n mspection and palpation of the prunary growth may not allow complete
assessment of the extent of focal spread It therefore may be necessary to pesform a
treal dissection on the fived aspects of the tumaur Inflammatory or malignant

i may then be difle d

1n the sertes of vases recorded no fewer than 75 per vent of the patsents with
smoperable growths were explared before this deassion way debmiely made

Metastasts i the Jver 1s not iy a contea md to of the
primary growth since such patients may survive for several vears and die i com
paratsve comfort following pathative removal of the prowth When 1 ts esumated
that not more than one half of the hver 1s replaced by growih palliative amputation
or resection of the primary tumour shouid be perfarmed provided that it 1s Jocally
removable

Exciston of a solitary hepatte metastasts may also be worth whaje especially +f
1 1 sttuated w the left lobe of the hver

1t may be difficult to decrde with gectainty the nature of a smafl hepatic nodule
of less than 2 eentimetresin diameter but the magonty of typical hver secondarses
wil} prove to be mahignant sa the presence of a primary carctaoma m the large
wstestine §F there be any doubt as 1o the nature of a nodule i the Inec the most
radical operation for the primary growth showld be performed whereas 3 fess
radical procedure may be conwdered adequate if the nodule undoubtedly
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Transplantation of free malignant cells —It has long been known when the large
intestine s the site of 2 carcinoma that the mucous membrane of this portion of
the bowel exhubuts areas of increased activity The large mntestine 1 1n fact one of
the commonest sites for multiple pimary tumours Dukes (1952) found that
multtple growths occurred in 2 9 per cent and Gabrie! (1948) reported an incidence
of 4 7 per cent Morgan (1955) found multiple growths 1 3 per cent of 102 spect
mens removed by anteror resection

It 1s not surprising therefore to find that malignant cells may be implanted
during operations for carcinoma of the colon or rectum Such implantation was
noted at St Marhk s Hospital some 20 years ago when recurrence at the suture
Iine was found 1n one of the author s cases following an anterior resectton Free

I cells from a of the large may also become 1mplanted
mto an anal operation wound

The nsk of smplantation  however was not fully realized until Morgan and
Lloyd Davies (1950} reported the results of therr first series of restorattve opera
tions Morgan s personal recurrence rate 1n 14 cases of this series was dusturbingly
high—3 1n 14 (21 4 per cent) (Table I)

TABLE I

RELATIO\SHIP OF SUTURE LINE RECURRENCES AND
MFRCURIC WASH OUT

I Mo wash out Wash ont

Number of cases 14 1362

Number of outer line recurrences

3
Percentage 214 15

Goligher et al (1951) have shown that transplantation of growth probably
accounted for about SO per cent of the recurrences at or near the suture lne 1
specimens examined at St Mark s Hospital Vink (1954) demonstrated the ease of
transplantation of the Brown Pearce tumour 1n the rabbit into a colomic suture
Iine 1n the same spectes This imvestigation also indcated that  disinfection of
the large Sulf: and strep may mcrease the chances of
tr lantation of free cells

Free malignant cells were demonstrated 1n the lumen of the colon in 42 per cent
of the proximal ends and 65 per cent of the distal ends of resected portions of
colon for average distances of 21 and 10 centimetres respectively by McGrew et at
(1954) Exclusion of the portion of the bowel to be resected 1s therefore advisable
before mobiltzation of the colon 1s commenced

Stnce 1948 at St Mark s Hospital we have aimed at the destructron of these
free intralumimar malignant cells by irngation of the bowel Jumen with 1500
mercury perchloride When performing restorative resectton for a carcinoma of the
lower sigmoid rectostgmord  or intrapentoneal rectum the mntestine below the
growth 1s excluded by a suitable clamp The distal bowel 1s then thoroughly
1ingated through the anus excess fluid removed and the rectum dried The bowel
15 then divided distal to the exclusion clamp Further after diviston of the proximal
colon 1ts lumen also 1 swabbed thoroughly with the same solution paying atten
fion to the cut end of the bowel Under no circumstances should crushed bowel
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be used for anastomosts There has been 2 marked fall in the number of recurrences
sinee using this methed (Table 1)

The bowel lumen and divided ends are cleansed 1n a simular manner dunng
rescetion of a carcnoma of the colon even though the bowel above and below the
growth has been excluded as suggested by Warren Cole

QOperabihity {resectabiiny) rare

Owing to the termmat p duced by 2 rectal
every cffort should be made to remove completely the primary lesion In fact
removal of the growth is the only y method of pali
For ths Teason 1t wilt be seen that the operabiliy {resectabihity) rate is found to
‘be Ingh 1n the senes of cases reported {Table §1)

TABLE 11

OPERABILITY (RESECTABILITY} RATE FOR CARCINOMA OF THE
RECTIAT AND RECTO SIGMOID (1948 1956)

y Refused eperasion Resecsed Operobiisy
Panentsseen | g0y dagnoss | Inopetoble or ”
ony excsed {per cent
602 13 B 96 ¥ 0438

Colostomy alone has Iitle place 1 the palhatnve treatment of carainoma of the
rectum and s ndicated only tu the presence of obstruchon or when there is
excessive rectal discharge produced by secondary wfection of the growth In the
farge magonty of cases exploratory laparotomy is essential m order to decide
operabihty the degree of local spread and the presence of distant metastases Even
then mspection and palpanton of the pnmary growth may not allow complete
assessment of the estent of local spread 1t therefore may be necessary to performa
trial dissection on the fixed aspects of the tumour Inflammatory or mahgnant

fil may then be di ¢

In the senes of cases recorded 0o fewer than 7§ per cent of the patients with
nopesable growths were explored before this decision was definitely made

Metastasts in the hver 1 not necessatly 2 contra 1ndieation to extirpation of the
primary growth since such patients may survive for several years and ds¢ i com
parative comfort following palliative removal of the growth When it 1s esimated
that not more than one half of the liver1s replaced by growth pallative amputation
or resection of the primary tumour should be performed provided that 12 1s locally
removable

Excinon of a solitary hepate metastasis may also be worth while especially 1f
3t 3s siuated m the feft lobe of the hver

1t may be difficult to decrde with cartainty the natuse of a small hepatie nodule
of less than 2 centimetres in dizmeter but the magonty of typical hver secondarnies
will prove to be malsgnant in the presence of a primary cartinoma in the large
mtestine 1T there be any doubt as to the nature of 2 nodule 1n the Iner 1he most
sadcal operation for the pnimary growth should be performed whereas a less
sadical procedure may be consdered sdequate 1f the nodule 1 undoubtedy
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malignant in nature Biopsy of the ner nodule and a frozen section are of value n
doubtful cases

Left hepatic lobectomy for a solitary secondary deposit 1n the Ieft lobe of the
liver has been performed 1n 2 patients One patient who survived 5 years following
an abdomino-perineal excision lived for an additional 4 years after left hepahc
lobectomy The other patient 15 still alive and well 5% ycars after combined exciston
and left hepatic lobectomy performed at the same operation (Fig 117)

Radical operations were carried out 1n 80 per cent of the patients treated by enther
synchronous combined exciston or restorative anterior resection  The proportion

Fic 117 —Carcinoma of the rectum removed by combined excision Left,

hepatic pe at the same

of growths found suitable for treatment by a restorative operation was 27 per cent
(Table 111} The stte of primary tumours in 138 restorats e antenor resections will
be seen 1n Table IV

TABLE IIT
CARCINOMA OF THE RECTUM—PROPORTION OF RESTORATIVE
OPERATIONS
(Personal senes 1948-1956) I
Total major operations Antenor ‘53183
Total restorative resections ‘Abdomino-anal 4
142 (27 per cent)
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The fact that the cases recorded were unselected 1y shown m Table ¥

TABLE (v
SITE QF PRIVIARY CARCINOMA I\ 138 RESTORATIVE
ANTERIOR RESECHIONS

Cases | Percentoze
Supra pentoneal rectum {upper thrd} 73 i 579
Rerto-stgmaot 413
Multple sites 38
Muddie third rectum {paztly abore and
low pentoneal fefiecron} . 3 [

TABLE V
COMPARATIVE CLASSIFICATION OF EXTENT OF GROWTHS
St Mark s Howpual gene al seres | Personal serses
cent) fper cent}
A 135 At
B 15 B 31
C 505 s C 01

Mortaliy rate

The mortality sate for 523 major operanons for cancer of the rectum and
rectosigmotd & shown e Table VI The mortality rate for svachronous combed
exciston and for restorattve antertor resection were the same—~—d 2 per cent

TABLE ¥i
SMORTALITY RATE—~523 QPERATIONS FOR CARCINOMA OF RECTUM
AND RECTDSIGWOID

(Persotal senes 1948-1956)

Mortality rare
i
Number Dearhs o
Non esto aswe ope ations
Synchronous combined excinon 361 14 39
Hartimanh s aperation (antenor
excision) 1 1
Permeal excision 1 - —
Perie. o-abdominal excision 1 — -
Abdonunc-peri-eal excision 5 - —~
Pelue clearance 1 — —_—
Tatal procta-calectomy i 1
) ~
38 ) 16 42
Re10 ame operarion T ST -
{Post mercuric washout)
Abdoming ana! exasion 4 i -~ -
Anterior resection 133 6 43
— 137 6 47
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Survival rate

The survival rates following synchronous combined and restorative anterior
excision for both radical operations and palliative operations are shown 1n Table
VII These figures would appear to indicate that the survival rate following radical
restorattve anterjor resection was better than that achieved by radical synchronous
combined excision This 1s a fallacious deduction since those growths removed
by antertor resection were carefully selected This selection of cases treated by
antertor resection 1s shown 1n Table VIIT Tt will be seen that twice as many early or
A growths of the intraperitoneal rectum or rectosigmord were removed by anterior
resectton than by combined excision

It 15 dufficult to obtain a true comparison of the results of treatment of carcinoma
of the upper rectum and rectosigmord by combined excision and by restoratne
resection This can only be attamned by companng the results of treatment of
growths at the same site of the same extent and of simular age and sex distrs
bution

The crude 5 year survival rate for the personal series of 110 radical restorative
resections 15 66 per cent When corrected for deaths due to tntercurrent diseases
the survival rate 1s 81 per cent The similarly corrected survival rate of a com
parable group of growths removed by combined excision was 78 5 per cent

It 15 not claimed that this shight diffe 15 of but it
does at any rate support the contention that restorative resection hns a place 1n the
treatment of suitable malignant growths of the upper rectum and rectosigmord and

TABLE VI
SY)\CHRO‘\OUS COMBINED EXCISION AND RESTORATIVE ANTERIOR
ESECTION—5-YEAR SURVIVAL RATES
(Personal senes 1948-1956)

Radical operation Palhatvve operation | Total cases
(per cent) (per cenr) (per cent)
Synchronous combned excision 559 66 46
Restoratve anterior resection 661 106 54
TABLE VIIt

COMPARISON OF [ ROPORTION OF A B AND C CASES IN OPERATIONS
FOR GROWTHS OF THE UPPER RECTUN AND RECTQGSIGMOID

(Personal series 1948-1956)

No o A B c

Operations rum, (per cemty | (percent) | (per cent)
Combined cxcisions 109 98 t 6 536
Antertor resections 138 a2 ] ass a2
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that patients treated 1 this way have as good a prognosis as those treated by other
radical operations

Effect of gl ligation —The effect upon the 5 year survival rate of high ligatton
of the inferior mesenteric artery at its ongin has yet to be revealed High hgation
of this vessel has been carried out on 145 occasions for growths of the rectum and
feft colon with one death which could have been avoided The ligation was per
formed inv 118 excisions or for of the rectum and rectosigmoid

FiG 118 —{a) Specimen removed by restorative antenor resection (5) A second primary
carcenoma developing below the suture hne (Specrmen removed by combined excision )

The number of C2 cases (a mall lymph node diately below the point of
higation of the infertor mesenteric artery) in these 118 specimens was 9(7 6 per cent)

At S8t Mark s Hospstal an analysis of 1000 specimens following combtned
exciston of the rectum without high ligation of the man vessels shows that the
mcidence of C2 cases was 138 (13 8 per cent) It would appear therefore—though
the sertes of lugh Ligations 1s so far not large—that the number of C2 cases has been

pp Thalved by this di

The 5 year survival rate for carcinoma of the rectum with lymphatte metastasts
treated by combined excrston even though there be an unaffected lymph node
between the point of igation of the mawn vessel and the highest malignant gland
removed {Dukes classification C1) 1s only 30 per cent Statistecal evidence suggests
that following high higation of the inferior mesenteric artery at combined excision

of the rectum 1mprovement of the 5 year survival rate might be m the region of
3 per cent
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Follow up

Since 1 greater amount of large intestine 1s retuned following ~ restoratnve
resection 1t s essenttal that the patient should be carefully followed up The suture
line may easily be inspected by sigmoidoscopy which should be carned out at
regular intervals In addition an annual bartum enema x ray examination 1s also
advisable to exclude a second primary growth

The 1mportance of careful follow up 1s llustrated in Fig 118 where a primary
tumour was found developing below the suture line 3 years after antersor resection
This patient was submtted to combined exciston and colostomy

MALIGNANT ADENOMAS

The discovery of a small 1n an app ly d after its
removal 1s often a problem to the surgeon

Carcinoma i situ

When histological examination of an adenoma reveals a focus of carcinoma
m situ with no 1nvasion provided that a fringe of normal mucosa or pedicle has
been removed apart from careful follow up no further treatment 1s necessary

Invastve careinoma

Provided that the pedicle of a pedunculated adenoma 1s found free of malignancy
or there 1s an adequate free margin of normal tissue on careful histological ex
2 no further t 15 mecessary as Jong as the leston be situated fow
enough for future nsp both by palp and by doscop

A patient with an 1nvasive carcinoma 1n a sessile adenoma or 1nvolvement of
the stalk of a pedunculated adenoma situated beyond the easy reach of the finger
should be subjected to radical surgery

A small malignant adenoma situated low in the rectum the site of which can
be inspected easily and thoroughly both by palpation and by endoscopy may
be removed by diathermy and the site of operation fulgurated Regular observa
tion 1s necessary and any recurrence should always be treated by radical
surgery

Whatever the site or size of an adenoma undergoing malignant change if the
growth 1s of ligh grade malignancy radical surgical extirpation should be carried
out
In a series of 2 500 specimens of carcinoma of the rectum at St Mark s Hospital
47 (19 per cent) were removed by local exaision and follow up of these cases
indicates that treatment has been sausfactory

CARCINOMA OF THE LEFT COLON

Operative mortality rate

‘The operative mortality rate of resection of the left colon for carcinoma has m
the past been higher than for resection of the right and transverse portions of the
large intestine Though n recent years there has been a marked fall in the mortality
rate for resection of growths of all portions of the colon the mortahity rate follow
ing resection of the left colon 1s still approximately twice that of resection of the
night colon At St Bartholomew s Hosprtal London 1n the years 19301936 the
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operative mortality rate following resection of carctnomas of the right and trans
verse colon was 12 per cent and during the same period that for resection of the
Teft colon 1ncluding the splenic flexure was 24 pr cent In the years 1947-1950
at the same hospital the mortality rate for resection of the right colon had fallen to
3 per cent and that of the left colon including the splenic flexure to 7 per cent

At St Mark s Hospital the operative mortalty rate for resection of the left
colon between 1928 and 1942 was 14 9 per cent 1n 87 operations whereas between
the years 1943 and 1955 the mortality rate had halved 74 per cent 1n 244 opera
tions The operat y rate for of the nght colon dunng this
latter period was 4 per cent This marked fall 1n mortality rate was achieved
spite of an increase in the operability (resectability) rate

Extrapentoneal colectomy or the Paul Mikulicz operation has been performed
1n the past owing to 1ts lower operative mortality rate though resection and anasto
mosis 1s a more radcal procedure At St Mark s Hospital (1945-1950) 1t 15 nterest
1ng to note that the mortahty rate for and for of
the sigmoid colon compared favourably with that of extraperitoneal colectormy
the operative mortality rates being 3 7 and 3 per cent respectively Open anasto
mosis following resection has replaced the closed techmque and one stage opera
tions are usually employed

These improved results are due to a better appreciation of the physiology of a
patient suffering from mahgnant disease of the gastro intestinal tract especrally
when complicated by obstruction The importance of preparauon and post
operative care especially with regard to fluid and electrolyte balance the correc
tron of hypoproteinaermia and anaemia the control of infection and the need for
adequate vitanuin concentratron are now all fully realized Advances 1n anaesthesta
1n addition to dimunishing chest comphcatrons have made prolonged operations
requining wide mobilization of musenteries much safer Earler clinical dragnosis
and progress 1n radiological techruque are also factors making for better prognrosis

The higher operative mortality rate for resection of the left colon as compared
with the night though due partly to the different functions and the type of faecal
content of these portions of the colon has hutherto been considered due mainly
to the poorer blood supply on the left side This has often resulted tn a more
restricted removal of the me;emcnc lymphatic field of the left colon

The d of h nodes at the ongm of the inferior
mesenteric artery was found by Gnnnell (1953) to be 17 per cent McElwain et al
{1954) reported that 1n 90 resections for carcinoma of the left colon 12 (13 3 per
cent) had a malignant node near the ongin of the inferior mesenteric artery In
9 per cent of these specimens ligation below the left colic artery would have failed
10 remove these nodes

Ligation of the mferior mesenteric artery atits ongin would appear to be essen
tial for the radical treatment of carcinoma of the left colon

SURVIVAL RATE

In a comprehensive review on the results of treatment of carcinoma of the colon
and rectum Grmnell (1953) found that the survival rates for carcinoma of the
night and Jeft portions of the colon showed little difference the survival rate for
the nght colon being 54 S per cent and that for the left colon 557 percent Ina
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Follow up

Since a greater amount of large tntestine 1s retuned following a restoratne
resection 1t 1s essential that the patient should be carefully followed up The suture
hine may easily be inspected by sigmotdoscopy which should be carmed out at
regular ntervals In additton an annual banium enema x ray exammation 15 abo
adwisable to exclude a second primary growth

The importance of careful follow up 15 1llustrated in Fig 118 where a pamary
tumour was found developing below the suture Line 3 years after anterior resection
This patient was submutted to combined exciston and colostomy

MALIGNANT ADENOMAS

The discovery of a small n an ap ly d after 1ts
removal 1s often a problem to the surgeon

Carcinoma n sitn

When Histological examination of an adenoma reveals a focus of carcinoma
i situ with no invaston provided that a fringe of normal mucosa or pedicle has
been removed apart from careful follow up no further treatment 1s necessary

Invasive carcinoma

Provided that the pedicle of a pedunculated adenoma 1s found free of malignancy
or there 1s an adequate free margin of normal tissue on careful histological ex
amination no further treatment 15 necessary as long as the lesion be situated low
enough for future inspection both by palpation and by sigmoidoscopy

A pattent with an mvastve carcinoma 1n 2 sessile adenoma or involvement of
the stalk of a pedunculated adenoma situated beyond the easy reach of the finger
should be subjected to radical surgery

A small malignant adenoma sttuated low tn the rectum the site of which can
be inspected easily and thoroughly both by palpatron and by endoscopy may
be removed by diathermy and the site of operation fulgurated Regular observa
tion 1s necessary and any recurrence should always be treated by radwcal
surgery

Whatever the site or size of an adenoma undergoing malignant change 1f the
growth 1s of high grade malignancy radical surgical extirpation should be carried
out
In a series of 2 500 specimens of carcinoma of the rectum at St Mark s Hospital
47 (19 per cent) were removed by local excision and follow up of these cases
indicates that treatment has been satisfactory

CARCINOMA OF THE LEFT COLON

Operatie mortality rate

The operative mortalily rate of resection of the left colon for carctnoma has 1
the past been higher than for resection of the right and transverse porttons of the
large intestine Though 1n recent years there has been a marked fall in the mortality
rate for resection of growths of all portions of the colon the mortality rate follow
1ng resection of the left colon 1s sull approumately twice that of resection of the
right colon At St Bartholomew s Hospital London n the years 1930-1936 the
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TABLE X
OPERABILITY RATL FOR ALL CASES OT CARCINOMA OF THF COLON
(St Mark s Hospital)

Mo of | Gronth remored | Growth not removed
Years | ‘Cages (per cent) per cent)
193541044 | 209 650 350
19151950 | 249 91 85
TABLE XI
RISE 1N PROPORTION OF RADICAL EXCISIONS FOR CARCINOMA OF
THE COLON
(St Mark s Hospitaly
vears | No of tnoperable Paftiause exerston | Radical excision
cases {per cent) (per cent) (per cenr)
1935 194 | %09 350 D 580
1945-1950 | 249 85(—260) | .00(+130) 78 (+130)

TABLE Xili
TYPES OF OPERATION FOR CARCINOMA OF THE SIGMOID
AND RECTOSIGMOID
(St Mark s Hospital)

Non restoratine
Years | N0 of | sadical excimons | RESTOCALIEesechions
(per cent)
1935-19414 136 616 384
1945 1950 228 396 604

THE BLOOD SUPPLY OF THE LEFT COLON AND RECTUM
{High ligation of the 1nferior mesenteric attery)

Ligation of the inferior mesentenic artery was considered as long ago as 1908 by
Archibald and by Moynihan as a means of removing the greatest possible mesen
teric field 1n operations for catcinoma of the rectum and left colon More recently
Ault et al (1952) Grinnell and Huatt (1952) and Gohigher (1954) have investigated
the blood supply of this portion of the large intesune There appears however to
be some confusion 1n nomenclature and Griffiths (1956) has re investigated the
anatomy of the blood supply This study was carried out by means of both post
mortem arterial injection and acrtography so that the vascular pattern was seen
without disturbing 1n any way the anatomical posinon of the large mtestine 1
100 subjects

It has been observed at operation before mobshzation of the colon and con

firmed by Gniffiths (1956) that 1n some 89 per cent of subjects the left colic artery
MTo—23 153
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small series of growths of the hepatic flexure the survival rate was surprisingly
low-—namely 25 per cent or less than 50 per cent that for the remainder of the
colon This 1s due probably to the fact that owing to its Jocation the carcinoma
readily 1nvades the region of the duodenum and liver

In spite of the fact that as a rule i the past a wider removal of the mesentery
has generally been accomplished for growths of the right colon than for those of
theleftside the 3 year survival rates following operations for 108 carcinomas of the
colon at St Bartholomew s Hospital since 1948 showed that the survival rate for
carcinoma of the right colon 1s lower than for growths of the left side (Table IX)

TABLE IX
3 YEAR SURVIVAL RATE FOR CARCINOMA OF THE COLON
Number of 3 year Survival rate
Site Aumber of cases survivals percentage
Right colon including
section transverse 52 33 63
Left colon 56 40 71

The 5 year survival rate tn a smaller series was 50 per cent for the nght side and
59 per cent for the Jeft colon

There has been little change 1n the 5 year survival rate following operations for
carcinoma of the left cofon 1n recent years At St Mark s Hospital the 5 yeir
survival rate between 1928 and 1942 was 59 4 per cent and that from 1943 to 1952
56 9 per cent

A more radical operation for carcinoma of the right colon 1s hardly possible
and time will tell whether a more radical removal of the lymphatic field on the
left side made pos 1ble by high ligation of the inferior mesenteric artery at its
ongm from the aorta will improve the results of treatment of carcinoma of this
region of the colon

Between 1928 and 1951 at St Mark s Hospital before high ligation of the
inferior mesentenic artery was practised for carcrnoma of the left colon the 5 yer
survival rate for growths of the left colon which had spread to the lymphatic
nodes was 354 per cent However there was little difference between the 5 year
survival rate 1n those cases m which there was a Iymph node free from metastasts
below the site of hgation of the main vessels (C1) and those 1 which a metastatic
node was found up to this site (C2) The 5 year survival rate was 36 6 per cent
for C1 cases and 33 3 per cent for C2 cases

Operability (resectability) rate

In recent years there has been a 26 per cent merease m the operability rate fot
carcinoma of the colon as shown in Table X From further analysts of these
figures 1t will be seen that the higher operability rate has resulted n an equal
increase of 13 per cent 1n both radical and palliative operations (Table XI)

n addition to the ligher operability rate the number of restorative procedures
employed for the treatment of carcinoma of the rectosigmord and sigmoid colon—
during the same period—show a marked tncrease (Table XIT}
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after Jooping slightly downwards from its orign from the infenor mesenteric
artery ascends drrectly upwards and outwards towards the splenic flexure where
1t divides 1nto two main branches some 2 inches from the intestine This vessel
does nof pass more ot less ] ds to the d ding colon as often
depicted m anatomucal illustrations In fact the left colic artery soon after its
ongin runs upwards almost parallel with the aorta (Figs 119 and 120) It 1s
close relationship to the infertor mesentenic vern as this vessel runs upwards to the
paraduodenal fold The vein hes close to the outer side of the left colic artery
before 1t passes underneath the artery The left colic artery may give off a transverse
or lower left colic branch which does pass transversely to the descending colon in
25 per cent of subjects

The marginal artery described by von Haller (1786) and Drummond (1914) 1s the
vessel from which the vasa rect1 anise In the night and transverse portions of the
colon the marginal artery ts formed by the arcades of the main vessels whereas in
the left colon there 1s a distinct marginal artery ptaced about 1-1% inches from the
mesenteric border of the colon It 1y difficult to find in obese subjects The marginal
artery was found to be constant and well developed 1n all the 100 specimens

The cntical pomt in the distal sigmoid mesentery described by Sudeck (1907)
was not found but there was a definite cutieal pont 1n the region of the splenw
flexure In this region the marginal vessel between the two termnal branches of
the left colic artery was usually very small and in order to enable blood from the
superior mesenteric artery via its mddle colie or right colic branch to supply the
left colon the preservation of this hifurcation of the left colic artery 1s essentsal

The sigmoid branches of the inferior mesenteric artery lie entirely in the mesosig
moid mesentery 1 which situation the marginal artery 1s well developed Generally
there 13 no need to preserve the ifurcation of the sigmoid vessels but should the
first sigmord artery bifurcate near the medial border of the colon for addrional
safety 1t 15 wise to preserve this division

The middle colic artery was found to be absent 1n 22 per cent of the subjects
examined and 1n such cases the night colic joined the margnal artery near the
hepatic flexure An anastomosis between the left and middle colic artertes was also
found 1 10 per cent of subyects at the root of the mesocolon though at operation
owing to 1ts posttion this vessel 1s seldom seen

Following high ligation of the inferior mesenterrc artery the anastomosi
between the superior rectal artery and branches of the middle rectal artery ts
usually capable of supplying blood to the whole sigmotd colon

The pornts of surgical importance resulting from this investigatton are briefly

(1) Removal of a wide area of colonic mesentery after high ligation of the
inferior mesenteric artery requires 1n addition ligation of the left colic artery and
the inferror mesenteric vein When thus has been carried out 1t 1s essential to
preserve the bifurcation of the left colic attery in the region of the splenic flexure

(2) The posttion and presence of the m:ddle colic artery should be venified before
2 temporary proumal fransverse colostomy 1s established since when the latter
artery 1s absent the marginal vessel may be readily damaged High ligatron of the
inferior mesenterte artery under such circumstances may not permut a satisfactory
blood supply to the left colon A temporary transverse colostomy should be placed

as near the hepatic flexure as possible 1n order to avord injury to the left branch of
the muddle coltc artery
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Fig 119 —Radiograph of
autopsy specimen njected
withradio opaque mater
1al showing distribution
of the inferior mesenteric
artery (8y courtesy of the
Editor of Amn R Coll
Surg Engl)
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FIG 120 —Diagrams showing the two vartations of the common pattern of
distnbution of the inferior mesenteric artery M C —Middle colic artery
L C —Left colic artery S —Sigmoid artery (By courfesy of the Editor of
Ann R Coll Surg Engl)
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CHAPTER 2]
ADVANCES IN THE RADIOLOGY OF THE BILTARY TRACT

D H CumMACk

RADIOLOGY plays an increasingly important part in the investigation of disease of
the biliary tract and provides as high a degree of diagnostic accuracy as 11 any
other system in the body

One or more of the
mvestigation of the bihary tract

pr may be empl d n the

PLAIN RADIOGRAPHY

Plain radiography 1s of Limited value but 1s an essential preliminary investigation

Norma!l findings

The ducts are never visualized and only very occasionally can the normal gall
bladder be identified as a faint shadow A gall bladder shadow of moderate density
due to an ncrease of caleium 1n the bile 1s occasionally seen This does not signify
disease of the biliary tract and the term Lmy bile should be restricted to this
condition

Abnormal findings

Gall stones —Caleified gall stones single or multiple may be seen Unless the
stones have a typrcal peripheral ring of calcium 1t 15 not possible to give a definite
diagnosis on the plain film alone Caleificd costal cartitages tuberculosis of the
nght kidney or suprarenal gland renal calculi calafied glands calaification 1n
the pancreas and opacities 1n the bowel are the commonest causes of difficulty 1n
diagnosis Oblique or stereoscopic views may help but 1n doubtful cases chole
cystography 1s indicated

1t has been stated that only 10 per ccnt of gall stones are visible on the plain
film (Shanks and Kerley 1950) but this figure 1s probably on the low side Tn 60
of a personal series of 138 cases—that 1s 43 per cent—the gall stones were caleified
and had been noted on the plain film before operation Rarely a gall stone 1s 1den
tified by the presence of stellate areas of translucency due to gas filled clefts within
1t Even more rarely cholesterol stones may be shown as rounded areas of trans
lucency due to the fact that cholesterol like fat 1s less radio epaque than the other
soft tissues of the body

Caleified studge in the gall bladder gives an wregular granular appearance being
most obvious 1n the erect position asit sinks to the fundus It must not be mistaken
for limy bile Calcified sludge may also be noted in the ducts

Calcified gall bladder —In some cases of chromc cholecystitis the gall bladder
wall contains plaques of cal the so called gall bladder This
presents little difficulty n d Xcept for di from a
large calaified stone 1n the gall bladder
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(3) Only when the first sigmoid artery divides near the border of the mtestie
need 1ts bifurcation be preserved

(4) The margnal artery and the vasa rect: must be carefully preserved right up
to the proposed division of the bowel In 145 hugh ligattons one operation in an
obese patient ended fatally owing to msjudgment of the site of hgation of the
margwnal artery 1n relation to the divided end of the bowel It 1s unwise to perform
a high hgation of the inferior mesenteric vessel 1n an obese subject when the
anatomy cannot be venfied In the presence of gross arteriosclerosts high ligation
of the wnfecior mesenteric artery 1s also to be avoided

For radical extirpation of a carcinoma at the splemc flexure 1n the descending
or sigmord colon ligation of the inferior mesenteric artery at its origin 1s destrable
When thus has been carned out 1n order to restore contimuty without tenston and
with the certainty of a good blood supply wide mobilization of the left and maybe
the transverse colon 1s necessar:

Although artenial pulsation and colour and temperature changes 1n the mtestine
are ndications of the state of its artenal supply the only sure evidence of its
viability 1s arterial bleeding from the divided ends of the bowel
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ORAL CHOLECYSTOGRAPHY

ORAL CHOLECYSTOGRAPRY

Oral ¢f phy 1s the most rmp method of s and has the
greatmenit of bemngsumpleand safe Telepaque(3(3 2 4 6—tn 10dophenyl)
—2—=ethy} propanosc acd) has now largely superseded pheniodol as it 1s now
generally recognized that it produces a denser shadow and has fewer unpleasant
ade effects The diagrostic accuracy of the mveshigation s not affected by Jactation
as the amount of Telepaque excreted in the milk 15 small (Holmdal 1956} Age1s
no contra indicanon the medwm being well tolerated by cluldren and the aged
Six tablets (3 grammes) of Telepague 1y the tuat dose for aduits but i the obese
this can be ncreased to 12 tablets Following preparation with laxaties Tele
pagque 15 taken 1n the evening after 2 meal which should contain fat Fitms are
waken after approxumatety 12-14 hours the patient having had nothing 10 eat or
drink 1o the intervat It 1 most desirable that the patient be screened and senal
fitms taken with compression and graduated rotation so that several pairs can be
viewed stereoscopically {Cummack 1952) It 1s essentsal to tahe films 1n both the
erect and supibe posttions otherwise many stones especially of the floating type
will ke mussed The films must be checked by the radiologist at the tume of the
evamnation

Various have been ded for example dosage
tomography of gall bladder and so on but 1n the authors opimon these are
uninecessaty

1t 1s not proposed to describe the normal appearances or congenital abnormah
t1es i this section except to indicate that occastonally the ducts are faintly opached
even without a fatty meal The degree of opacification however 1 seldom sufficient
to exclude disease or abnormalies of the ducts and for adequate vissalzation of
these further mvestigation 1s required

In many centres the examination 15 completed by a fatty meal and subsequent
films ft 1s clatmed that this may show calcult not seen on mtal fikms the out
fine of the vvstic duct and bife duct and sometimes hepatic ducts and the ability of
the gajl bladder to contract

Very few calculi are missed «f the technique previously described 1s used and the
ducts are more clearly and shown by the method Further
more st seems reasonable that if the gall bladder fills with opaque medom ot
must previously have contracted and emptied A fatty mealis therefore superfiuous
and should be guen only 1f the dubious eatity of iary dyskmesa 1s suspected

Faor descriptive purposes the gall hladder 15 classified as showmg (13 good or
normal (2) poor or () no

The distinction beiween good and poort concentration must be a personal one
but 1 general there » hittle diffi ulty 1n arniving at a deaision A normally con
centrating galt bladder casts a dense shadow while the shadow of the puorly
concentrating gall bladder at most 1= only shghtly more derse than the hiver shadow

The normally concentrating gall bladder
1f the gall bladder concentrates well and shows no caleutt nor other abnormality
one presumes that it 15 likely to be normal This cannot be completely accurate
and i fact Gordon (1953) stated that disease may be present 1n 20 per cent of
normally concentrating galt bladd 1s In approxmately one-quarter of this 20 per
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Gas wn the bilary tract —This 1s 2 most important observation The £4s 1S varl
able 1n extent and in some cases occurs internuttently When present in the
mtrahepatic ducts the clear branching translucencies within the Iner shadow
cannot be mistaken for anything else (Fig 121) Dufficulty 1n interpretation occurs
when only the common bile duct and perhaps the common hepatic duct are filled
with gas The differentiation from gas in the duodenum or colon 1s then by no
means easy

Gas 1s always present when there 1s a functioning cholecyst enterostomy or
choledoch enterostomy and also when there 1s a fistula between the gall bladder
and the bowel (Figs 121 and 122) It may also result from mcompetence of the

FIG 121 —Gas in the biliary tract due toa  F1G 122 —Same case as illustrated lr; F‘[f
fistula between the gall bladder and the 121 showmg the fistula outhine Y
colon barium enema

sphtncter of Odds following passage of a stone after sphincterotomy or from
distortion by carctnoma or peptic ulcer of the second part of the duodenum
Rarely 1t 1s due to infection with gas forming organisms "
Gas may be present 1n the biliary tract i any ntestinal obstruction nr)x 18
most commonly seen 1n gall stone ileus In these cases the gas 1s‘ due n‘mmJy 17
the fistula When there 1s no fistula 1trs p d that the
pressure forces gas through the ampulla of Vater up the common bile duct
Emprema of the gall bladder —The patients condition rarely Jusnrﬁcs( any
investtgatian ather than plam radiography The films may show :;’so i d|ssruc
shadow due to the enlarged gall bladder A careful search should be made for

gall stones
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and was sut ly removed disease was TOUnd m 40cases that 15
approximately 90 per cent Stones had been t
1n 33 cases (75 per cent) and 1n 3 more cases a few small calcul were found at
operation

The non concentrating gall bladder

Failure of the gall bladder to concentrate suggests that 1t 15 pathological The
accuracy of this has been stated to be approumately 70-97 per cent as with the
poorly concentrating gall bladder In the author s series of 68 cases the presence
of disease was confirmed 1n 60 (Just under 90 per cent) Occasionally the ducts are
faintly opacified without a fatty meal Non or poor
in these cases 1s proof that the pall bladder ts diseased as the mcdxum has obviously
been absorbed and excreted

Itis ttod boththenon dthe poorly
gall bladders together as the causes of musleading appearances are the same mboth

The causes of poor or absent gall bladder shadows when 1n fact the gall bladder
15 normal are as follows

(1) Failure of absorption from vomuting drarrhoea gastric stasis and in the
malabsorption syndrome The mild diarrhoea caused by Telepaque and phentodol
does not mterfere with absorption

(2) Impairment of the excretory function of the liver for example cirrhosis
amoebiasts metastases and hepatitis

(3) Buliary stasis from obstruction

In most cases the cause of the imparred concentration can be inferred from the
clintcal or biochemucal findings for example jaundice vomuting or darrhoea
In doubtful cases further information can be obtained from intravenous chole
cystography

Biliary dyshinesia

Bultary dyskinesia 1s stated to be due to a disturbance of the neuromuscular
mechamsm of the gall bladder and the sphincter of Odds Articles on this subject
(Copleman 1946 Ivy 1947 Feldman 1948 and Shanks and Kerley 1950) are
most conflicting

Two types are descnibed (1) spastic distenston due to vagal over actwity and
{2) atonic distension due to sympathetic over activity

The radiological features of this condition are dilatation of the ducts and some
times the gall bladder with reflux 1nto the hepatic ducts following a fatty meal
In addition the passage of the medium into the duodenum 15 delayed

There 15 no doubt that many cases of calculi in the ducts chronic pancreatitis
and stricture at the lower end of the common bile duct were labelled biliary
dyskinesia 1n the past Before a diagnosis of bihary dyskinesia can be considered
all other lesions of the biliary tract must be excluded In practice the diagnosis
need rarely be made

INTRAVENOUS CHOLECYSTOGRAPHY AND
CHOLANGIOGRAPHY (CHOLECYSTANGIOGRAPHY)

This tech by F hotd (1953 a and b) in Germany constitutes
a major advance 1n the radiological diagnosis of biliary disease Biligrafin the

361




ADVANCES IN THE RADIOLOGY OF THE BILIARY TRACT

cent however gall stones are present In additton Gordon includes 1n this 20
per cent cases of cholesterolosis a condition of doubtful chinical importance
Thus a normally concentrating gall bladder without calcul excludes disease 1n
approximately 90 per cent of cases Phrygran cap deformty and septa m the gall
bladder are not considered in themselves to have any real significance

Calcuh are the most common abnormality noted mn the normally concentrating
gall bladder They usually sink to the fundus mn the erect position but occasionally
form a layer in the middle of the gall bladder—so called floating gall stones The
beaded appearance of the cystic duct due to Heister s valves must not be mistaken
for non opaque stones A polyp in the gall bladder 1s occasionally seen and 1
easily recognized as a small smooth fixed translucency adjoming the wall
Rolatansky Aschoff sinuses cause a typical shaggy double contour of the gall
bladder wall (Fig 123) When marked they may be difficult to disunguish from

o Clanan)

Fic 123 —Rokutanshy Aschofl
sinuses Film 14 hours after
Telepaque

multiple small non opague gall stones The condition has been called chole
cystitis glandulans intramural diverticulosis and adenomyoma but opmions
differ as to 1ts nature and signtficance

The poorly concentratsng gall bladder

Poor concentration by the gall bladder usually indicates that it 1s pathuloglcﬂl_,
The accuracy of this observation has been variously estimated between 70 and 9
per cent Ina personal serses of 44 cases where the gall bladder showed poor
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position with an over-couch tube in the usual manner The films should be checked
by the radiologist before the patient 1s dismissed A fatty meal 1s rarely necessary

Aldndge (1955) has described a rapid method of examunation of the bilary tract
He recommends a fatty meal to empty the gall bladder followed 14 hours later by
2n intravenous injection of pethidine hydrochloride to contract the sphincter of
0ddi Biligrafin 1s injected 1mmediately afterwards Thus 1s an ingemous techmque
but 1t has Little advantage over the method already described and demands careful
supervision which may be difficult in a busy department

Normal appearances with Bihigrafin alone

After 20-30 minutes the hepatic duct and common bile duct and usually the
cystic duct are clearly seen and some of the medium may have reached the gall
bladder and the duodenum The calibre of the ducts vartes from case to case but
should not normally exceed 8 millimetres Usually the lower end of the common bile
duct tapers gradually to apoint If the lower end 15 not clearly seen this must not be
considered abnormal and further films should be taken Between § and 2 hours
after mjection the gall bladder gradually fills with opaque medium In the erect
position a thick clear band s seen between two opacified zones—the layer or
stratification effect (Fig 124} This clear layer 1s caused by the pre existing bile and
mucus in the gall bladder and may be | or more centimetres 1n thickness A dense
rim of medium 1s occasionally seen penipherally 1n the fundus of the gall bladder
due to active concentration by its wall Later films show increasing concentration of
the medium 11 the gall bladder Care must be taken not to mustake the filled duo
denal bulb for the gall bladder After 2 hours the common bile duct 1s still moder
ately clearly seen Sometimes a pyelogram is obtained but this should cause no
confusion provided this possibility 1s borne 1n mind

Normal appearances with previous administration of Telepague

The stratification effect 1n the erect posttion 1s again present but 1s Jess obvious
since the lower two thirds ot three quarters of the gall bladder are already opactfied
For the same reason the dense nim of concentrated medium cannot be seen The
ducts are more clearly d but otherwise the ar areas pi y
described

Abnormal findings

Calcult —Telepaque given the previous evening causes no confusion nor diffi
culty 1n interpretation Non opaque calculi single or multiple show as filling
defects in the ducts (Fig 125) Before a duct calculus can be diagnosed with cer
tainty 1t must be completely surrounded by the medium or the lower end of the
column of medrum must show a defimte upwards convexity (Fig 126) A sharp cut
off appearance at the lower end of the common bile duct 1s not abnormal

Obstruction —The ducts are dilated when the calibre exceeds 8 millimetres
Dulatation 1s usually present when there are calculi in the ducts and may also be due
to imflammatory or traumatte strictures or to a tumour The dilatation frequently
persists even when the cause has been removed An obstruction 1s indicated by
opacification persisting 4 hours after injection delayed appearance of the medium
in the duodenum and marked dilatation of the ducts A blunt cigar shaped
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methylglucaminate of N N —adipic di—(3 amino 2 4 6 tr1 1odobenzore acid)
when mjected tntravenously 1s excreted 1n the bile 1 such amounts that con
centration by the gall bladder 15 not necessary for radiographic demonstration of
the ducts or gall bladder It 1s most advantageous to carry out mtravenous chole
cystangrography onthe same morning and drately after oral chol h

This has the great advantage of saving time and 1n addition a shghﬂyvde;lser

Fic 124 —Normal gall
bladder and ducts Note
translucent  layer 2
centimetres thick in the
gall bladder Erect film
half an hour after
Biligrafin

opacification of the ducts 1s ob d Ther ded dose ts 20 muilil of
Biligrafin forte ntravenously which 1s 2 50 per cent solutron and contans 5
grammes of iodine but 40 millilitres can usually be grven with safety Asmall amount
should be injected very slowly and if there are no side effects after 2 minutes the
1nyection 1s completed 1n 5 or 6 minutes Toxic reactions are uncommon and take
the form of flushing urticaria nausea and occasionally vomsting More serious
reactions are extremely rare but 1f they occur the mjection should be stopped
ymmediately Films are taken } and 2 hours after wnjection and others as required

They may be taken with the serial device following screemng or 1n the prone
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posttion with an overcouch tube in the usual manner The films should be checked
by the radiologist before the patient 1s dismissed A fatty meal 1s rarely necessary

Aldnidge (1955) has desenibed a raprd method of examnation of the biliary tract
He recommends a fatty meal to empty the gall bladder followed 14 hours later by
an It us myection of hydrochlonide to contract the sphincter of
0ddt Bihgrafin 1s injected immedaately afterwards This 1s an ingemous techmque
but 1t has little advantage over the method already described and demands careful
supenvssion which may be difficult i a busy department

Normal appearances with Bihigrafin alone

After 20-30 minutes the hepatic duct and common bile duct and usually the
cystic duct are clearly seen and some of the meditm may have reached the gall
bladder and the duodenum The calibre of the ducts varies from case to case but
shoutd not normally exceed 8 millimetres Usually the lowerend of the common bile
duct tapers gradually to 2 point If the lower end 1s not clearly seen this must not be
considered abnormal and further films should be taken Between 4 and 2 hours
after injection  the gall bladder gradually fills with opaque medium In the erect
position a thick clear band s seen between two opaaified zones—the layer or
stratification effect (Fig 124) Thes clear layer 1s caused by the pre-existing bile and
mucus in the gall bladder and may be 1 or more centimetres i thickness A dense
nm of medium 1s occasionally seen peripherally in the fundus of the gall bladder
due to active concentration by its wall Later films show increasing concentration of
the medium n the gall bladder Care must be taken not to mistake the filled duo
denal bulb for the pall bladder After 2 hours the common bile-duct 1s still moder
ately clearly seen Sometimes a pyelogram is obtained but this should cause no
confusion provided this possibility 1s borne in mind

Normal appearances with previous administration of Telepaque

The stratification effect 1n the erect position 1s again present but s less obvious
since the lower two thieds or three quarters of the gall bladder are already opacified
For the same reason the dense nim of concentrated medium cannot be seen The
ducts are more clearly d but otherwise th areasp.
described

Y

Abnormal findings

Calculi —Telepaque given the previous evening causes no confuston nor diffi
culty in interpretation Non opaque calculi stngle or multiple show as filling
defects i the ducts (Fig 125) Before a duct calculus can be diagnosed with cer
tainty 1t must be completely surrounded by the medtum or the lower end of the
column of medm must show a defimte upwards convexity {Fig 126) A sharpcut
off appearance at the lower end of the common bile duct 1s not abnormal

Obstruction —The ducts are dilated when the calibre exceeds 8 millimetres
Dilatation 15 usually present when there are calculi in the ducts and may also be due
to mflammatory or traumatic strictures or o a tumour The dilatation frequently
persists even when the cause has been removed An obstruction 1s indicated by
opacification persisting 4 hours after injection delayed appearance of the medium
in the duodenum and marked dilatation of the ducts A blunt cigar shaped
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appearance of the lower end of the common bile duct suggests that the obstruction
1s due to a bemgn strcture (Fig 127)

The part played by spasm of the sphuncter of Oddi 1n causmg dilatation of the
common bile duct 1s problematical according to Samuel (1955) In his seres of
cases attempts to relax the sphincter of Oddi by mhalation of octyl and amyl
nitrite were not uniformly successful

Careinoma of the pancreas — It may be possible to dragnose an early carcinoma of
the pancreas the charactensstic findings are high obstruction m the common bile

Fi6 125 —Gross ditatation
of the ducts Gall
bladder also slightly
dilated Numerous non
opaque calcull 1 the
common bile duct Film
2 hours after Bili
grafin

duct with proumal dilatation and early filiing of the gall bladder On the olhe;
hand a normal mtravenous chol ludes a of the head o
the pancreas

Carcinoma of the gall bladder —Intravenous cholecystography 1s the best ang
usually the only method by which a carcinoma of the gall bladder can be diagnose
radiologically ‘since the gall bladder rarely concentrates on oral cholecystography
due to the co exssting cholecystitis The growth presents as an 1rregular persistent
filling defect

Pe%l cholecystis —In pent cholecystitis the gall bladder is grossly deformed and
usually contains stones The cysticand hepatic ducts are usually kinked or narrowed
and 1f the cystic duct 15 completely obstructed the gall bladder does not opacify
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Earhy jaundice —At the beginning of an attack of jaundice from any cause the
excretion 1s usually sufficient to show the ducts adequately When jaundice 15
well established the examination 15 useless In the author s expertence excretion
samsfactory for diagnostic purposes returns 2-3 weeks after the jaundice has

(@) ®
Fic 126 —Non-opaque calculus in the common bile-duct {a) Skowing upward convety
(b) Surrounded by medium Films half an hour after Biligrafin and 14 hours after
Telepaque
subsided As one would expect the excretion of Biligrafin remams good 1n un
complicated cases of haemolytic jaundice
Pancreatiis —Thus method gives only linite help in the diagnosss of chronsc
pancreatiis Confirmation that areas of calcification are i the head of the pancreas
may be obtained Narrowing of the terminal inch or so of the common bile-duct
15 suggestive provided that the narrowing 1s persistent In such a case a previous
examination showing the lower end of the common bile-duct to have been
wider would be of It must be bered however that in some
normal cases the common bile-duct 1s only 2-3 mullimetres 1 diameter but the
lumen s regular and the hepatic ducts also are narrower than usual
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Correlation of mtravenous and oral cholecystography

Oral cholecystography suggesting a normal gall bladder —The gall bladder
Ppresents a normal appearance on intrasvenous cholecystography and the ducts are
usually though not necessarily also normal

Oral cholecy stograply suggesting disease of the gall bladder ~Poor or abscnt
excretion of Biligrafin indicates smparred hser function Thus poor or non

FiG 127 —Gross diatatton
of the common bile
and  hepatic  ducts
Stricture at the lower
end of the common
bile-duct (confirmed at
operation) Note typical
cigar shaped appearance
at the lower end of the
common bile duct and
absence of medum m
the duodenum Chole
cystectomy 2 years
previously Film4hours
after Biligrafin

opacification of the gall bladder on oral cholecystography 1n such cases 1s due to
deq excretion of Telepaque by the Iiver and the gall bladder may be normal
Good excretion of Biligrafin may be associated with esther 2 normal or a diseased
gall bladder In the former the apparent failure of concentration of the Telepaque
15 due to inadequate absorption The history (vomuting drarrhoea and so on) 1s
usually suggestine but 1 addition the gall bladder and ducts appear normal
In the latter—in practice the great majonty of cases—disease of the gall bladder 1s
virtually established by a process of exclusion but there are usually posttive signs
The gall bladder gradually fills with opaque medium which does not become
concentrated and neither the layer effect nor the peripheral dense nm 1s seen
Furthermore caleul are frequently shown in the gall bladder or ducts (Fig 128)
Non opacification of the gall bladder signifies an obstruction in the cystic duct

366




INTRAVENOUS CHOLECYSTOGRAPHY AND CHOLANGIOGRAPHY

or at the nech of the gail bladder usually by a calewdus but sometsmes by adhesions
Fig 129)
¢ Fgallaumq cholecrsteetomy —tntravenous cholangiography s of the utmost
\alue and has contnibuted more than anything else to the elucdation of the se
called post cholecystectomy syndrome Before the mtroducuon of mtravencus
Bdigrafin Pribram (1930) reviewed 1370 cholecystectonmes and estimated that
the syndreme occurred in 20 pet cent of cases

1t 15 now clear that ressdual stones m the ducts stnictures with dilatation and
stasss and cystic duct stumps account for a large praporiion of the poor results

Fig 178 ~ Enlarged pill bladder contaiming  F16 129 —Non fithng of ga'l dladder
numerous non opaque calcuds Film 2 hours found at operation to be que toacal
after Bligrafin There was o cufps ob hy duct Dote
on oral choleeystography aberrant nght hepatic duet (arrowed)

Fim 2 hours after Bihigrafin

1t has been frequently stated that dlatation of the dusts occurs afier cholecystec
tamy but i common with other observers the author has not found this to be the
€ase 1t would appear that any dilatation has erther been there before operation of
has oceurred as the result of fusther calculus or strcture formation The gatl
Bradder does not re form after cholecystectomy

To summarntee the miravenous methad 15 of the vlmost value in nvestieating
the fi of poor or gon of Telepaque by the
gall bladder in dignosing calcsh or abpormalities of the ducts and w the
smaestigation of the post chaleeystectomy syad As sug by Sutton and
Talett (1954) 1t may de oral aphy as faflacies dueto
madequate abserption do not occur Provided concentration 15 reasonably good
however calculs m the gall bladder are better shown by eral cholecystography
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ADVANCES IN THE RADIOLOGY OF THE BILIARY TRACT

mn fact small stones may not be shown by the intravenous method Thus with the
media avatlable at present 1t 1s still advisable to use both methods m the mvestiga
tron of disease of the bihary tract

BARIUM MEAL

A barium meal 15 usually given to exclude lesions in the upper alimentary tract
and 1s of no value 1n the diagnosis of most lesions 1n the bilary tract

Cholecyst enterostomy or fistula

Certam specific abnormalittes such as an obvious cholecyst enterostomy or
fistula may be clearly seen These are shown by barium entering the gall bladder
and ducts fluoroscopy bewng essentral to observe the mode of filing In such
cases gas 1s usually present in the bihary tract Banium occasionally passes from

T rom———
4

Fig 130 —Dnverticutum ans
1ng from the second part of
the duodenum causing ob-
structve  Jaundice At
operation a firm hard
chromie mflammatory mass
around the dnerticulum
was 1mvolving the lower
end of the common bile

~ duct

the duodenum up the common bile duct as a result of temporary incompetence of
the ampulla of Vater following the recent passage of a stone It may also be ducto
distortion by an ulcer of the second part of the duodenum or an ampullary car
cimoma The latter presents as an irregular filing defect with destruction or
distortion of the rugae in the medial wall of the second part of the duodenum

Duodenal ulcer
Very rarely a postersor wall duodenal ulcer mvolves the common bile duct

e The author has scen only one such case Rarely the duodenal

causing jaundic
y arise from the

bulb1s indented by an enfarged gall bladder Drserticula common
concave border of the second part of the duodenum but only rarely obstruct or
distort the common bile duct (F1g 130}
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DIRECT CHOLANGIOGRAPIY

Carcynoma of the head of the pancreas

In cases of carcinoma of the head of the pancreas 1o abnormaliy may be noted
Enlargement of the duodenal loop or the reversed 3 appearance of the second p;m
of the duodenum (Frostberg s sign) are afmost d but are not
seen One of more persistent wndentations of the concave aspect of the duodcnul
foop are the commonest signs Occastonally there 15 shght upward displacement
of the pylonse antrum

Pen cholecystitis

In percholecystits there 15 usually distortion deformity and sometimes
stenosss of the first and neighbouning second parts of the duedenum

BARIUM ENEMA

A barmm enema 15 of Intle valve except 1o exclude lestons of the colon The hepatic
flexure may be sndented by an enfarged gall bladder or dsstorted by adhestons when
pert choleeystitis 15 present A banum encma may be the only means of showmng a
cholecystcolic fistuta {Fig 122)

DIRECT CHOLANGIOGRAPHY

¥ trans-hepatic chak: b

Vanous attempts have beea made 11 the past (Lee 1942 Royer and Solan 1947
to demonstrate the bihary tract by njecting a radio opaque medium mto 2 hepatic
duct Nurek et al {1953) raviewed the Iiterature and descabed 2 short series of
cases A ncedlc s mserted i the Iiver antertorly and When a hepatic duct ss entered
as wdicated by of bile 20 1 of & 35 per cent sofutton of drodone
awe anjected Ut 15 preferable to carry out the exammation under fluoroscopic
controt films of the ducts being taken as required It 1s by no means an easy
matter to find a hepatic duct and extensive probing may be necessary The only

for this © Javndice where other methods have
fasled to determine the site and nature of the obstruction if successfully performed
teans hepatic hy can be of great diagnostic value but

the danger of haemorrhage and bihiary pentonitss far outweighs its advantages

Operatnve cholangiography

Twenty mulldures of a 35 per cent solution of dwdane are mtroduced into the
common bule duct after it has been exposed at operation Operative cholangio
graphy an easy procedure s perfarmed to shaw the size of the ducts the presence
ar absence of calenlt ar other obstructive Iesion and the patency or otherwise of
the ampulia of Vater (Fig 131) {ts disadvantages a5¢ the time added to the opera
tion and the fact that the films are frequently of nfenor quality since they are
usually taken with 2 mobile vt and ase sometimes blurred by movement Further
more one fatal case of pancreatic necrosts followmg eperative cholangrography
has been recorded (Hershey and Hiliman 1955) Care must be taken not to mtro-
duce air bubbles which might be mustaken for non opague caleuh
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ADVANCES IN THE RADIOLOGY OF THE BILIARY TRACT

in fict small stones may not be shown by the mntravenous method Thus with the
media available at present 1t 15 stall advisable to use both methods in the mvestiga
tion of disease of the biliarv tract

BARIUM MEAL

A barium meal 1s usually given to exclude lesions 1n the upper altmentary tract
and 15 of no value 1 the diagnosts of most lesions i the bihary tract

Cholecyst enterostomy or fistula

Certam speatfic abnormalities such as an obvious cholecyst enterostomy or
fistula may be clearly seen These are shown by barium entertng the gall bladder
and ducts fluoroscopy being essential to observe the mode of filing In such
cases gas 1s usually present in the biliary tract Barium occastonally passes from

ey

%

Fig 130 —Duverticutum anis
g from the second part of
the duodenum causing ob
structive  Jaundice At
operation a firm hard
chromc mflammatory mass
around the dwvertculum
was mvolving the lower
end of the common bile
duct

the duodenum up the common bile duct as a result of temporary mcompetence of
the ampulla of Vater following the recent passage of a stone It may also be due to
distortion by n ulcer of the second part of the duodenum or an ampullary car
cmoma The latter presents as an 1rregular filling defect with destruction or
distortion of the rugae in the medral wall of the second part of the duodenum

Duodenal ulcer
Very rarely a postenior wall duodenal ulcer mvolves the common bile duct
causmg jaundice The author has seen only one such case Rarely the duodenal
bulb 1s indented by an enlarged gall bladder Diverticula commonly anse from the
concave border of the second part of the duodenum but only rarely obstruct or
distort the common bile duct (Fig 130)
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INVESTIGATION OF CASES WITH JAUNDICE

Failure of both the gall bladder and the ducts to opacily indicates impaired liver
function and no opinion can be given on the bilary tract During the barium
meal specral attentron must be paid to any displacement or indentation of the
pylorte antrum or duodenum which would suggest a carcinoma of the pancreas
Sertal films with compression centred on the second part of the duodenum are
essential as they may show an ampullary carcinema

Moderate or marked )aundice

Oral and ntravenous cholecystography are useless as the media are inadequately
excreted by the liver Plain radiography and a barium meal are the only useful
radiological methods Thus an accurate diagnosss frequently cannot be made
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ADVANCES IN THF RADIOLOGY OF THF BILIARY TRACT

Past aperatise cholangrography
Fifteen to twenty mullihtres of 2 35
per cent solution of diodone are mjected
through the T tube draiming the common bile duct ustally on the seventh to the
tenth post operative day Post operative cholangiography is performed to exclude

Fia 131 ~Carcinoma of the common bile Fi6 132 —Non opaque caleulus at the
duct causing  complete  obstruction lower end of the common bile duct
Operative cholangiogram Post operative cholangiogram

residual stones and to confirm that the ampulla of Vater 1s patent (Fig 132) Agamn
care must be taken not to introduce arr bubbles Filling of the pancreatic duct
occastonally oceurs

INVESTIGATION OF CASES WITH JAUNDICE

Such cases form a minor but nevertheless a most important group

Early or mld jaundice

The standard procedures—plain radiography oral and mtravenous cholecysto
graphy and cholangiography followed f necessary by a barium meal areemployed
The plamn films must be scrutinized most carefully for caicult Excretion of Tele
paque and Biigrafin by the liver 1s usually adequate for diagnostic purposes
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BROMSULPHALEIN CLEARANCE

that 1ts use 1s limited to non jaundiced patients The retention of this dye 1s high
1 many types of Liver disease and for the esnmation of Iiver damage 1n non
icteric patients 1t 1s undoubtedly the most sensittve This apphes particulasly to
hepatic cirrhosis However 1n some cases of well compensated cirrhosis the re
tention of dye may be normal In congestive heart farlure the degree of retention
of BSP does not always parallel the histological appearance of the liver obtatned
by needle biopsy (kg and king 1956) Thus latter finding has been confirmed by
the expenimental work of Andrews et al (1956) who observed m the dog that
when the hiver was congested with engorged sinusoids 3 msing portal pressure
and reduced rate of portal flow the BSP extraction was normal provided hepatic
arterial flow was pormal They also suggested that the cells of the small bile ducts
1 the portal canal play an active part m the removal of BSP from the plasma These
thin walled ducts are very richly supplied by the hepatic artery and are mtimately
associated with branches of the hepatic artery before the sinusoids are reached
this seemed to suggest a possible explanation for some of the experimental results
previously reported 1n which perfuston of hver slices was used Brauer and Pessottt
(1949) reported that Liver shices m an atmosphere free from oxygen take up BSP
as rapidly as do controls and that poisons fail to reduce dye uptake

Andrews (1955) also suggested that the biliary tract secretes most 1f not all of
the constituents of the bile and bases some of his arguments on the blood supply
of the small bile ducts and the greater importance of the arterial circulation
rather than the portal venous circulation in BSP removal Attempts have been
made to add a correction factor for the use of BSP excretion 1n patients with
jaundice (Zieve et al 1951) Hoffbauer et al (1955) found this test to be less
sensitrve than the flocculation tests mn the differeptial diagnosis of jaundice which
15 what one would expect 1n a test which depends on excretion of the dye
Using #S labelled BSP mn dogs Brauer et al (1955) showed that 80 per cent
of infused dye 1s present 1n the bile from a biliary fistula and that 20 per cent
of this dye has been altered by the liver There 15 also some storage of »S
labelled BSP 1n skeletal muscle Carbon tetrachlonde poisoning of the liver did not
dimurush the uptake of the dye nor its concentration but did dumimish its exeretion
rate

One other interesting finding was that laparotomy and preparation of the
biliary fistula did not affect the BSP clearance by the liver despite claims to the
contrary In a careful study of the relative value of liver function tests Zieve and
Hill (1955) showed statistically that BSP clearance by the liver provides the most
effective single test 1n the absence of jaundice Cohen et al (1956) studied the
effect of simultaneous administration of BSP and rose bengal They showed that
BSP had a greater affimty than rose bengal for the transfer mechamsm 1nvolved
in their removal from the blood stream and excretion in the bile The suggested
transfer mechamsm was first uptake by the liver of the dye from its combmation
with serum albumin secondly there was excretion of the dye into the bihary
system

To summarize 1t may be said that the BSP clearance gives the best test of hiver
function 1n the absence of jaundice The position of BSP as an experimental factor
in estrmating the blood flow of the Iver and the excretory mechanisms of the liver
remains unchallenged
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CHAPTER 22

LIVER FUNCTION
W E Kinc

DURING the past five years much investigation has been undertaken on the function
of the liver which has clanified many 1deas and provided a sounder basis for the
chinteal interpretation of hiver function 1t has not greatly altered the scope of
liver function tests which are stll partly empirical More effictent tests are being
constantly sought and 1t 15 only by an apprectation of the metabolic and bio
chemical activities of the liver that these will be found [t 1s not proposed to discuss
the routine laboratory tests referred 1o as hver function tests but rather to indicate
where progress 1s leading 1n our understanding of the liver and 1ts function

PIGMENT METABOLISM

The esumation of the level of pigments 1n the ctrculating blood should provide a
rehiable guide to what 1s happening in the iver For many years after the description
by Van den Berph of the test that bears s name 1t was thought that the differentia
tion of the various types of jaundice was possible by this method Gradually less
significance was attached to the qualitative aspects and the test was used entirely
as an index of the level of serum bilirubin Watson (1946) suggested a biltrubin
protem bond which was broken by the liver as the reason for the two (ypes of
bilirubin described Cole and Lathe (1953) showed that the directness or indurect
ness of the Van den Bergh reaction 1s not related to a lnkage between bilirubin
and protein By reverse phase chromatography two types of pigment were pre
pared and neither contaned protemn Billing (1954) showed that there were two
components of the direct reacting pigment which also moved more quickly owing
to its solubility These pigments have been called pigment 1 and pigment II
Further investigation by these three workers has confirmed that the ndirect
reacting and slow moving pigment 1s 1dentical with bilirubin  Finally Billing and
Lathe (1956) have shown that the probable pathway for bilirubin excretion by the
Tiver 1n mn 1s through comugation with glucuronic acid

There are indications that this separation of the bile pigments may have some
climcal application 1 differentiating obstructive jaundice from hepatocellular
jaundice One should expect an increase m pigment 11 in obstructive jaundice and
an merease i pigment I 1n 1nfective hepatitis but this requires much closer study
before definite views can be expressed One further interesting sidelight on this
problem 1s the suggestion by Bollman (1956) that in cholangtolitic hepatiis pig
ment ] predominates but 1n Jaundice caused by chlorpromazine it 1s pigment 11
that shows the greater increase

BROMSULPHALEIN CLEARANCE

Bromsulphalemn (BSP) appears to approach most closely to the correct answer of
Iiver function It has to be remembered that only one function 1s being tested and
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BROMSULPHALEIN CLEARANCE

that its use 1s imited to non jaundiced patients The retention of this dye 1s high
1n many types of liver disease and for the estimation of liver damage in non
ictenic patients 1t 1s undoubtedly the most sensitive This applies particularly to
hepatic cirrhosis Howener 1n some cases of well compensated cirrhosis the re
tention of dye may be normal In congestine heart farture the degree of retention
of BSP does not always paralle] the } 1 of the liver ob d
by needle bropsy (hing and King 1956) Ths latter finding has been confirmed by
the expenmental work of Andrews et al (1956) who observed in the dog that
when the liver was congested with engorged sinusotds a msing portal pressure
and reduced rate of portal flow the BSP extraction was normal provided hepatic
arterial flow was normal They also suggested that the cells of the small bile-ducts
n the portal canal play an active part 1n the removal of BSP from the plasma These
thin walled ducts are very richly supplied by the hepatic artery and are intimately
assotiated with branches of the hepatic artery before the sinusoids are reached
this seemed to suggest a possible explanation for some of the expertmental results
previously reported 1n which perfusion of Liver slices was used Brauer and Pessott:
(1949) reported that liver slices 1n an atmosphere free from oxygen take up BSP
as rapudly as do controls and that poisons fail to reduce dye uptake

Andrews (1955} also suggested that the biliary tract secretes most 1f not all of
the constituents of the bile and bases some of hts arguments on the blood supply
of the small bile ducts and the greater importance of the artenal circulation
rather than the portal venous circulation 1 BSP removal Attempts have been
made to add a correction factor for the use of BSP excretton m patients with
Jaundice (Zieve et a1 1951) Hoffbauer et al (1955) found this test to be less
sensitive than the flocculation tests 1n the differential dragnosis of jaundice which
15 what one would expect 1n a test which depends on excretion of the dye
Using * S labelled BSP i dogs Brauer et al (1955) showed that 80 per cent
of wnfused dye 15 present 1n the bile from a biliary fistula and that 20 per cent
of this dye has been altered by the liver There 15 also some storage of 3§
labelled BSP 1n skeletal muscle Carbon tetrachloride poisoning of the hiver did not
dimimush the uptake of the dye nor its concentration but did diminish 1ts excretion
rate

One other interesting finding was that laparotomy and preparation of the
buliary fistula did not affect the BSP clearance by the liver despite clamms to the
contrary In a careful study of the relative value of liver function tests Zieve and
Hil (1955) showed statistically that BSP clearance by the hver provides the most
effective single test 1n the absence of jaundice Cohen et al (1956) studied the
effect of simultaneous administration of BSP and rose bengal They showed that
BSP had a greater affinity than rosc bengal for the transfer mechantsm mvolhved
m their removal from the blood stream and excretion 1n the bile The suggested
transfer mechanism was first uptake by the liver of the dye from 1ts combination
with serum alburin secondly there was excretion of the dye nto the bibary
system

To summarize 1t may be said that the BSP clearance gives the best test of liver
function 1n the absence of jaundice The posttion of BSP as an expenimental factor

in estimating the blood flow of the liver and the excretory mechamisms of the Iiver
remains unchalienged
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LIVER FUNCTION

PROTEIN METABOLISM

Scrum protein patterns

Some of the most 1mportant functions of the liver are concerned with proten
metabolism The use of chemical estimations of the serum protein concentration
and the division into albumin and globultn fractions have been standard pro
cedures tn nvestigating Inver disease for many years The finding of a lowered level
of serum albumin and an elevated serum globulin level has been regarded as
typical of extensive liver discase but the increased interest 1n serum protein levels
has cast doubt on the specificity of this finding and has shown that the chemical
separation of the serum protems into albumn and globulin fractions 1s too crude
a method The first improvement came with chemical separation of the globulin
fractions and the use of the level of serum gamma globulin 1n diagnosis and prog
nosts of hver disease This proved to be of real value partcularly i patients with
long standing jaundice where the exact dragnosis was 1n doubt It was also found
to be helpful in assessing the continuance of acuvity 1n infective hepatitis—quite
often 1t 15 the last function test 1o return to normal Elevation of the serum
gamma globulin 1s found consistently 1n patients with chrome active hepatitts
(Samnt et al 1953)

Filter paper electrophoresis
Newer methods of estimation now depend on filter paper electrophoresis

In this an electric current 1s passed across a buffer soaked strip of filter paper to which
serum has been applied and by staining this strip with various dyes 1t 1s possible to
measure the amount of dye bound to the vanous components and so construct an
electrophoretic pattern which agrees very closely with the Trselies pattern Various
modifications of this type of apparatus are now m common use (Durrum 1951
Kunkel and Tiselius 1951) By this means it has been posstble to follow serum proten
patterns yn iver disease and to distinguish other causes of increased serum globulin
(multiple myeloma systemic lupus erythematosus and many others) Although the
precision of analysis does not equal that of the free electrophoresis of Tiselus the
method 15 simple and requires only a small amount (0 2 mullthtre) of serum and 1§
sufficiently accurate for clintcal needs

In acute hepatitis the albumin fraction usually remams normal but there 1s often an
increase m beta globulins and gamma globulins The latter band becomes much more
mtense 1f the acute attack be slow to resolve or becomes chronie In cirrhosts there 15 a
towenng of the albumin level and a marked nse in serum globulin  sometimes 1 more
severe cases a gamma, band can be distingwished In primary bibary cirrhosts there 1s
often a high beta globulin peak which has been found to be due to lipoprotemns formed
1 association with the high phospholtpid and free cholesterol content of the sera in
these patients (Ahrens et al  1950)

Labelling with radio active 15otopes
For many years 1t has been accepted on clinical grounds that Jowenng of the
level of serum albumm occurred in severe or extensive liver damage Madden and
Whipple (1940) produced evidence m support of this from expenmental work
Muller and Bale (1954) showed that when rat s iver was perfused with amino acids
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including 1C labelled lysine the labelled ammo acid was incorporated into
albumin alpha globulins and beta globulins and fibrinogen These workers found
a hugher radio activity 1n the afpha globulin fractton winch 15 3 accord with the
view that the normal animal produces alpha globulin more rapidly than albumin
or beta globulin and that the turnover rate of alpha globulin 1s more rapid than
that of other protein fractions Except for the gamma globulins the curve of total
uC ncorporation 1n plasma protems n the ssolated perfused Liver 1s grossly similar
to the curve produced mn the intact animal This work confirms the role of the
Itver 1n albumin production  As the mucoprotems may be counted with the alpha
globulin during electrophoresis at pH8 5 the observation of lowered mucoprotetns
1n Iiver disease may be understood 1n the lLight of this work

Using the non hepatic tissues of a perfused carcass 1t was shown by Miller
and Bale (1954) that there 1s clearance of 4C labelled lysine and glucose from the
perfusate and synthesis of both plasma and tissue proteins The gamma globulins
contain most of the #C activity with small but measurable activity 1n the alpha
globulins and the betz globulins No actiity was found wn the albumin and
fibrinogen fractions The other inference of their work was that 1n the rat at least
gamma globulin formation 1s mamly in the bone marrow——the spleen and lymph
nodes did not appear to be quantitatively important as a site of gamma globulin
formation 1n these experrments Sterhng (1951) had previously shown that the
turnover of 1 11 labelled albumin was slower in Laennec s cirrhosts than in normals
and that there was a longer haif life for this labelled albumin When the serum
albumin level was 2 5 grammes per cent or less the deviations from normal were
more pronounced

Inflammation 1in the body increases protein loss from the Iner Usinz a stenle
turpentine abscess as an example of acute inflammation Yuile et at (1953) showed the
half life of albumm in the dog to be reduced to 2 days (normal 9 days) Fibrinogen
15 also turned over 1n a spectacular manner This increased turnover of albunun in
mflammation may be related to the lowered serum albumim level found m inflammatory
diseases particularly those of the liver

Protein depletion of the liver by starvation leads to diminished enzyme agtivity
(Wainio et al  1953) Thus appears to be the reason for the susceptibility of the Iver in
protein depleted dogs to hepatotoxic agents It leads one to speculate as to the effect
of the enormous protemn loss that can occur n ulcerative colitis The charactersstic
serum protein pattern of chronic liver disease Is a lowering of serum albunun and an
elevation of gamma globulin It has been suggested that there may be some influence
on the rate of turnover of the various proteins by their level in the plasma The associa
tion 1n chromc inflammatory conditions of hyper gamma globulmaema and hypo
alburmnaemia has led to much speculation on this question In hver disease there 1s
good evidence of mereased degradation of 15 1 Iabelled gantma globulin (Havens et al
1954} but Martin and Davies {1955) have shown that albumin transfusion had no
effect on the hyper gamma globulmaema of chronic hepatitis

L E Cell phenomenon
Very high levels of gamma globulin have been noted m chrome hepatitis and
increase 1 plasma cells in the hiver has been found in these patients (kunkel and
Tuiselws 1951) In our own seres of chromic hepatitis (Saint et al  1953) similar
findings were recorded In one case in which the level of gamma globulin was 4 5
grammes per cent there was a definite mcrease n plasma cells 1n the bone marrow
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It has also been suggested that the finding of lupus erythematosus cells 1n chronic
hepatitis 1s related to this hyper gamma globulinaema (Joske and King 1955)
This study has been pursued at the Chinical Research Unit in the Royal Melbourne
Hospital and the L E Cell ph been d rated 1n five more
proven cases of chronic hepatitis The opposing view 1s suggested by Bearn et al
(1956)—that these cases of unexplatned chronic Inver disease 1n young women with
arthralgia and raised gamma globulins may be a vanant of systemic lupus erythe
matosus

Serum transaminases

Transammation 1s the process by which an ammo group of an anuno zcid 1s trans
ferred to 2 keto acid The reversal of this reactton may be the final step tn the synthesis
of an ammo acid This takes place 1o a preat extent m the Iiver which is the second
richest source m the body of serum glutamic oxalacetic transammase (SGO T} and
eastly the richest source of serum glutantic pyruvic transanunase (SGP T) (Wroblewski
1956) These enzymes can now be measured m the serum chromatographically by
spectophotometry and by colonimetric methods (Wroblewsk: 1956) There 1s a large
merease 1n the serum concentrations of both enzymes with hepatic injury

In acute hepatitis there 1s an impresstve sncrease 1 both enzymes m the serum
though the nise ;n SGP T exceeds the rise in SGO T Of great value 1s the fact that
this rise has been found to precede the appearance of jaundice and may therefore
enable an earlter diagnosts of acute hepatitis to be made The normal range of
SGO T 15 5-35 untts but in hepatitis this may be tnereased 10-100 tmes normal
Peak levels appear to be obtained at the height of the iliness and the fall in enzyme
levels parallels the patient s clintcal condition rather than the level of serum bilirubin
Relapses are accompanted by a parallel rise in enzyme activity

In cirrhosts of the Iner there 1s an 1ncrease 10 enzyme activity though here
SGO T levels are hugher than SGP T Continued elevation of transaminase activity
15 said to be a poor prognostic sign (Wroblewsk: 1956) There 1s a nise 1n enzyme
activity 1n obstructive Jaundice but not to the same high level as 1 acute hepatitis
It 15 noteworthy that transamnase activity 1s also increased in metastases 1n the
liver 1t has the advantage over serum alkaline phosphatase estimations of not
berng affected by secondary deposits in bone The only care that must be taken 1s
to exclude acute mjury to heart or skeletal muscle which will iberate SGO T 1ato
the circulation SGP T occurs 1n much lower concentrations i heart and skeletal
muscle and 1s therefore not likely to cause this source of error Wroblewskt

ds the of them both 1n the study of hepatic

disease

Ornithme cycle

One final aspect of protein metabohism which has an effect on liver function 1s
the ornithine cycle (Arebs Henseleit cycle) In this cycle argmme 1s hydrolysed to
urea and ormithine The latter 1s comverted to citrulline and eventually to argimne
and m so domng consumes ammonia This has now been used in the treatment of
lwer falure by giving argimne mtravenously It can be effective only if the level
of blood urea1s not raised Preliminary results have been most pronusing (Najarian
and Harper 1956)
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LIPIDS AND LIPOPROTEINS

The description of accumulation of cholesterol in the blood in obstructive jaundice
dates back to Austin Flint (1862) Chambard (1878) first realized the association of
high serum lipid levels and xanthomas n bilary cierhosis There has been a
gradual and steady accumulation of knowledge of the role of these substances in
liver function and liver disease The realization that the great proportion of choles
terol and phospholipid fractions are bound to hipoprotemns and migrate with an
electrophoretic mobihity similar to these lipoprotems has led to considerable
advance m this field Kunkel and Slater (1952) first described a method using
zone electrophorests in a filter paper or starch medium containng barbital buffer
by which electrophoretic components could be 1solated directly altowing hipid
analyses to be carried out Prior to this it had been very difficult to determune the
exact migration of Lipoprotetns when patterns of whole serum were obtamned by
the Tiselius method The normal hpoproteins can be divided by this method mto
two main types (1) alpha hpoprotem which mugrates shghtly ahead of alpha
globulin and falls partially into the albumun fraction this ipoprotein has a choles
terol phosphohipid ratio of 05 and has a consistently lower free total cholesterol
ratio than does the beta lipoprotein (2) the second type 1s the beta lipoprotein
with a mobihity simular to beta globulin but slightly slower 1t has a cholesterol
phospholipid ratio of 13
Investigation of the lipoproteins 1n Liver disease reveals marked deviation from
the normal pattern In obstructine yaundice and early acute hepatitis the lipid
content of these lipoproteins varies widely from normal There 1s a change in the
type of lipoprotem In Cohn s fraction IV + V + VI the hipoproteins have the
h. hi tstics of beta 1 whereas normally they are
high density alpha hipoproteins In Cohn's fraction I + I the lipoproteins have
the physical charactenstics of bera htipoprotern as 1s usual but they show less
hol 1 ester and the choll ! phospholipid ratio 1s as low as 0 5 (Eder et al
1955) The conclusion reached 1s that in biliary cirrhosis early acute hepatitis
and some cases of obstructive jaundice there are at least two types of abrormal
hpoprotein In recovery from acute hepatiis and after removal of the tbary
obstruction these abnormal lipoproteins are replaced by the normal ones Such
lipoproteins have not been found n portal cirrhosis with only moderate degrees
of jaundice /The appearance of these abnormal lipoproteins of altered chemical
offers an for some of the alterattons 1n plasma hipid
relationships of liver disease As little of the cholesterol 1s estersfied n these
abnormal lipoproteins 1t follows that the plasma free to total cholesterol ratio
will be elevated It may well be that the high ratio 1s an tndication of the production
of abnormal 1 and not an of p hymal liver damage
as has been claimed previously
In primary biliary cirrhosis there 1s a very great increase m blood ipids This 1s
marnly in the phospholipid and free cholesterol fractions with very little increase
1n cholesterol esters or neutral fat In this condition there 1s a igh peak of beta
fipoproten and a great reduction or absence of alpha lipoproteins kunkel
(1956) uswg the preparative ultracentaifege has shown that lipoprotemns from
these sera are of yery high molecular size He obtained clear lipoprotein fractions
where there was as Iittle as 20 per cent protem free cholesterol and phospholipid
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makmng up the remainder of the hpoprotemn He pomted out that the Lipids are
bound to the protein 1n such a way as to be uniquely soluble 1n aqueous solution
This appears to be the explanation of the remarkable clarity of the sera from patients
with extremely high lipid content This solubility would also suggest why patients
with biliary cirrhos's do not appear increasingly liable to atheroma despite an
excessively high figure for blood lipids

Further investigation of lipoproteins 1 acute hepatitis reveals no change m the
lipoprotemn pattern between infectious hepatitis and serum hepatitis The increase
n low density (beta) lipoproteins and decrease in high density (alpha) ipoprotems
appears to parallel the level of serum bilirubin and they return to normal with
recovery from the disease The increase in these lipoproteins correlates signsficantly
with the thymo] turbidsty test but not with most of the other routing tests of hiver
function (Pierce et al  1954) The same changes in the ipids were noted here as in
biliary airrhosis but to a much less degree All this work points to a need for
clanifying our 1deas on liprd estimations 1n hiver discase These mvestigations are
beyond the scope of routine laboratory work and at present cannot be used n
this manner The changes 1n blood lipids are of little value in the differential
diagnosis of jaundice but may indicate a diagnosis of primary biliary cyrrhosis
and may be of value 1n assessing prognosts in chronic Iiver disease

Using “C labelled acetate Eckles et al (1955) have shown that removal of the
liver 1n dogs almost ly prevents the app of 1C labelled cholesterol
n the plasma Cholesterol synthesis did occur in other organs The peak value
for 1sotope concentration mn hver free cholesterol occurred 1n 40 minutes Work by
Gould et al (1955} using “C labelled acetate mjected ntravenously showed a
slower formation of peak production i man compared with dogs In normal
subjects the fraction of the dose of labelled acetate used for cholesterol synthesis
was 1 04 per cent In myxoedema it was 0 23 per cent 4 75 per cent for patients
treated with cortisone

With the growing interest in lipid metabolism a better understanding of their
place in Iiver function 1s bemng achieved There ss still a long gap to be bridged since
Bogoch et al (1955) have shown that there 15 no correlation between Ievels of
serum lipids and quantities of hiver lipids demonstrated histochemically

THE LIVER AND STEROID COMPOUNDS

Bongtovanni and Eisenmenger (1951) have drawn attention to a type of cirrhosts
pecubiar 1o young women There 15 no antecedent hepatitis and the patients may
exhibit evidence of overactivity of the adrenal cortex The level of urinary adrenal
corticords 1s high Most series of cases of chronic hepatitis contamn examples of
this syndrome It now appears that there 1s failure of the Iner to mactnate adrenal
steroids Using sutviving actively respinng slices of Iner from the rat Chart
et al (1956) have shown complete 1nactivation of the biological potency of aldo
sterone Anaerobic condions impair this mactivating capacity of hver shices
Laver from man was obtamed at laparotomy and showed an exactly similar capacity
to mactivate the salt retainmng hormone A stmilar metabolic effect of the liver on
oestrogens has been shown by numerous workers {Ryan and Engel 1953) S1m\l43r
enzymatic transformations of testosterone have been described (Wotizet al 195 )
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Conn et ai (1954) have demonstrated that the liver converts cortisont hydro
cortisone and to 17 ds and that this 1$ dumtn
1shed with hver disease The rate of disappearance of hydrocortisone from the
lasma was inversely proportional to the degree of Iner damage as measured by
BSP retention (Brown et al  1954) The effect of liver disease or anoxia on this
mactivation makes it very tempting to speculate on the endocenne upsets and flusd
retention that may occur s chronte hver disease

In cardiac disease where the hiver s secondanly affected by the hypoxa 1t may
well be that this is partly ble for causing the alb " of
the salt retamimg hormone which have already been demonstrated

These mvestiations gve a better insight into the vanations of endocrine function
noted for many years 1n hver disease and also help mn the understanding of flud
tetenton 11 the hody 1 disease states 1t may offer 1 possible explanation of the
varymg results i the orally rdmumstered hormones i the fulminant forms of
uleerative colitss

RADIO ACTIVE ISOTOPES IN LIVER FUNCTION
Mention has already been made of the use of ] wn labellng serum alburun and

globulin Thus has greatly ad ¢ our ¥ o] of the of these
proteins The use of ¥C in labelling albunun and other proteras was also discussed
wn relation to the liver and protesn bolsm 1n acute nfl Volwiler

et al {1955) used radio acuve sulphur to imvestigate the turnover rates of vanous
plasma protens 1n both normal controls and patients with cuthosis These studies
have helped greatly n our undersianding of liver function but are of course not
applicable to ordmary chnical medicine More recently * 1 Iabelled rose bengal
has been uwsed This has been as an uptake and excretion test using external
scmultiation counting techniques Taphin et al (1955) have reported their expent
ences on rabbuts and subsequently it man There are definite curves for vanous
forms of Tiver disease but 1n most cases it appears to paratlel the results obtained
wiith the usual lner funcuon tests There 1s 2 possibiliy of thss test yseldsng useful
results tn chronue lver disease or toxsc hepatiis The disadvantages of thas technique
are that special apparatus and trained personnel are necessary and also i 1s
doubtfut whether rose bengal 1s as rehable 2 dye for excretion studies as BSP How
ever Reimer etal (1956) have reported further encouraging results using the same
technique

The use of raho actve 1700 10 assess the benefit of repeated phiebotomies in the
treatment of hacmochromatosss should help to merease our knowledge of 1ron
metabohsm 10 this condition (Bothwell et al 1955} The use of repeated phle
botomies would appearto be justifiable though whetherstas tealfy possible tareverse
the fibratic changes s the hver 15 apen to doubt

Bearn and Kunkel {1955) have used radio active copper 1 the study of Wilson s
disease They have found that the radio achiwity associated with the serum
alburmin after an oral or intravenous dose of & Cu 15 mereased and persists much
longer in patients with this disease than n hormal control subjects The lack of
cervioplastm i patients with Wilson s disease was alse observed i this study

A further use of ssotopes has been the study of ascites i hver disease Prentice
et al (1952} used tnitium fabelled water to show that the water content of ascites
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enters and Jeaves the pentoneal cavity at a very rapid rate {approximately 40-80
per cent per hour) Aseitic flud s thus a rapidly circulating medium and not a
stagnant reservoir There 1s also a free exchange of proteins between plasma and
aseitic flud—here use has been made of ' labelling of serum albumim and gamma
globulin (Bauer ct al 1954)

In summary 1t may be said that rsotopes have been most valuable in our under
standing of the metabolic processes of the liver 1n health and disease As a method
of chinical testing of Inver function theyr use can be considered only 1n properly
equipped hospitals with the proper apparatus and tramed technrcal staff It may be
with advances in knowledge that 1sotope techniques will play as important 2
role 1n the diagnosis of liver disease as they do 1n disorders of the thyroid gland

CONCLUSIONS

In this brief review of some of the aspects of hver function it can be seen that
constant progress 1n our understanding of the role of the Iiver 1s being made A
vast amount of work has been carnied out over the past 5 years most of which stll
cannot be readily applied to the clinical evaluation of hiver function In the pattent
with jaundice we must still depend on standard tests of hver function 1n reaching
a diagnosis The chemical estimation of gamma globulin has been a very useful
addition to this battery of tests but still more can be learned from the filter paper
type of electrophoresis of protemns The level of serum transaminases may gne
further help and may enable an earlier diagnosis of acute hepatitis to be made
Even with an added correction factor for the degree of jaundice BSP clearance is
of no value in the patient with jaundice For this reason and for others previously
mentioned radio active 1sotopes cannot helpesther Latest work on the lipoproteins
and their relation to free or total cholesterol levels shows that our wdeas on this
fraction of the serum will have to be changed The Jowering of cholesterol esters
may well be associated with the type of abnormal lipoprotemn

For the patient with jaundice 1t 1s recommended that the followng fests should be

carried out
(1) Serum biltrubin
) tests halin chol 1 thymol turbidity or zinc sulphate)
(3) Serum alkalme phosphatase
(4) Serum protemns with estimatton of albumin and globulin fractions particularly
the level of gamma globulin preferably by electrophoresis

Estimation of serum cholesterol and lipids may help 1n biliary airrhosis etther
primary or secondary and the abnormal lipoproteins may be detected on filter
paper electrophoresis

In the non icteric patient BSP clearance has pride of place as the best test of
Lser function at the present time It may be that the use of radio active 1sotope
Jabelling of dyes excreted by the liver will replace 1ts use 1n the future with improve
ment 1n knowledge and technique

It seems that even today some of our tests of Iner function are still emprrical
but the gap between liver function 1n 1ts correct sense and hiver function as a group
of biochemical tests 1s gradually being narrowed
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enters and leaves the peritoneal cavity at a very rapid rate {approximately 40-80
per cent per hour) Ascitic fluid 15 thus a rapidly circulating medium and not a
stagnant reservoir There 1s also a free exchange of proteins between plasma and
ascitic flusid—here use has been made of **'] labelling of serum albumn and gamma
globulin (Bauer et al 1954)

In summary 1t may be said that 1sotopes have been most valuable m our under
standing of the metaboltc processes of the lver mn health and disease As a method
of clinical testing of lier function thetr use can be considered only in propesly
equpped hospitals with the proper apparatus and tramned technical staff It may be
with advances in knowledge that 1sotope techmques will play as important a
role i the diagnosis of hiver disease as they do 1n disorders of the thyrosd gland

CONCLUSIONS

In this brief review of some of the aspects of liver function 1t can be seen that
constant progress 1n our understanding of the role of the liver 1s being made A
vast amount of work has been carried out over the past 5 years most of which stll
cannot be readily applied to the clinical evaluation of hiver function In the patient
with jaundice we must still depend on standard tests of liver function m reaching
a diagnosis The chemical estimation of gamma globulin has been a very useful
addition to this battery of tests but still more can be learned from the filter paper
type of electrophoresis of proteins The level of serum transammases may give
further help and may enable an earlier diagnosis of acute hepantis to be made
Even with an added correction factor for the degree of jaundice BSP clearance 1s
of no value 1n the patient with jaundice For this reason and for others previously
mentioned radio active 1sotopes cannot helpeither Latest work on the hpoproteins
and their relation to free or total cholesterol levels shows that our ideas on this
fraction of the sertm will have to be changed The lowermng of cholesterol esters
may well be assoctated with the type of abnormal lipoprotesn

For the patient with jaundice 1t 1s recommended that the following tests should be
carried out

(1) Serum bilirubin

(2) Fl tests lin chols | thymol turbidity or zinc sulphate)

(3) Serum alkaline phosphatase

(4) Serum protetns with estimation of albumin and globulin fractrons particularly
the level of gamma globulin preferably by electrophoresis

Estimation of serum cholesterol and lipids may help in biliary cirrhosis etther
primary or secondary and the abnormal lipoproteins may be detected on filter
paper electrophorests

In the non icteric patient BSP clearance has pride of place as the best test of
lwver function at the present time It may be that the use of radio active 1sotope
labelling of dyes excreted by the liver will replace 1ts use in the future with improve
ment 1n knowledge and technique

1t seems that even today some of our tests of Inver function are sull empinical
but the gap between hiver function in its correct sense and hiver function as a group
of brochercal tests 1s gradually bemg narrowed
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CHAPTER 23
LIVER FAILURE

SHEILA SHERLOCK

IN THE present state of knowledge lver fajlure must be considered as a cliueal
syndrome It 15 difficult to equate spectfic functions of the liver cell with climcal
findings For instance ascites one of the most important assocations of hver
failure cannot be related only to hepato cellular function and Jiver coma 15 not
due only to disease of the liver cells Moreover pure hepato cellular failure 1s
extremely rare and there are usually additional features due to disordered intra
hepatic it to or t bile duct obstruction or to the
associated reticulo endothelial reaction

The syndrome has a varniety of causes the most common being hepatic circhosis
whether portal or post necrotic It may also complcate acute virus hepatitis
Interference with the hepatic blood supply by higation of the hepatic artery in the
portal fissure or occluston of the hepatic vein may lead to liver cell failure but
the syndrome does not complicate portal venous occluston It sometimes occurs
with hepato lenticutar degeneration (\Wilson s disease) with bitharzial hver or with
haemochromatosis but 13 almost unknown as an accompamment to cardiac
crrhosis

Luver cell failure may occur terrmnally 1n obstructive jaundice such as chromic
wntrahepatic obstructive Jaundice (primary biliary cirrhosis) or extrahepatic ob
struction d with 1 of iver tissue or acute cholangitis
It should be diagnosed rarely and with caution 1n a patient suffening from acute
biliary obstruction and certainly not until other possible complications of the
obstructive jaundice have been carefully excluded

GENERAL DETERIORATION OF HEALTH

The patient with liver faslure has a poor appetite vague indigestron and flatulence
and loses weight Weakness 1s conspicuous and there 1s obvious muscle wasting
These features have a complex aetiology This may be related to the failing meta
bolic functions of the hiver there1s difficulty 1n mobilizing and stortng carbohydrate
and 1n manufacturing tissue protein Anorexta and poor dietary habits add to the
malnutrition

JAUNDICE

The significance of this sign may be exceedingly difficult to interpret It may
indicate farlure of the liver cells to excrete bilirubm 1ntrahepatic or extrahepatic
bile duct obstruction or increased destruction of erythrocytes In any one patient
the Jaundice may be due to a combination of these factors

In acute hver farlure due to disease such as virus hepatitis jaundice usually
parallels the extent of iver damage (Sherlock 1946) Occasionally however the
mtrahepatic biliary obstruction component of acute hepatiuis may be so prominent
that this 15 not so 1n such patents there 15 pruntus and a hugh serum alkaline
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NEURO PSYCHIATRIC CHANGES

sesponses become extensor The diffuse nature of the corebral disturbance s further
shown by reversed sleep rhythm excessive appetite muscle twitchings grasping and
sucking reflexes and desorders of speech and vision

Electroencephalographee changes

Electroencephalography s helpful 1n diagnosss Foley et al (1950) descubed
bilaterally synchronous slow waves of 2 per second frequency it the delta range
In the early stages these occur tn bursts usually separated by the normal cortscal
thythm The bursts at first appear 1n the frontal region but latet increase in dura
uon and spread laterally and postertorly unti the entire record 1s one of slow
actnaty More recently Bickford and Butt (1935) have recognized the following
stages 1n the electroencephalogram (3} stage with diffuse waves of a frequency
4-7 per second—the pattent with this electroencephalographic recording 1s usually
moderately confused (2} tuphamie stage with duffuse bilaterally synchropous
triphasic waves whose maximal deflectron s sutface pasitine (3) stage with random
arthythme wases with hittle bilateral synchrony domunateng the record

Patients w the triphasie and delta stages are usually semt comatose or completely
uncesponsne ¥ the patient recovers the electroencephalogram retuens to normal
These el hal hic changes ar found with other i
abnormalities of the bram and are not entirely specific for hepatic coma

Pathogenesis

The essenttally reversible nature of the cerebral disturbance and the diffuse
mvohement suggest that the changes are metabohc Simiar nervous disorders
have been induced wn some patients with Inver disease by oral admnsstration of a
high protein chet armmontum chlande urez methiomne or chohne (Van Caulaert
etal 1932 kark 1936 Phullipsetat 1952 Phearetal 1956) Thussuggeststhat
the matenal asible ts A has been d as the
posstble toxic substance Theoretically 1t would be possible for ammontum to
interfere with cerebral metabolism

Bessman and Bessman (1955) showed that 1n hepatic coma there 15 an increased
arteniat yugular bulb li d that 15 being
utiized by the bramn in some chemical reaction Of the many reactions utihizing
ammonta n the body two are of fi 1n the b 4 h
and the reversal of gl d namely red of « keto
glutarate of gl from o« k could produce the pheno
mena seen tn hepatic coma by nterfering with the krebs cycle wiuch 1s the most
Irkely final ovsdatve pathway in the brain This is the rattonale for glutame acid
therapy (Walshe 1953) The dsmimshed cerebeal oxygen metabolism sn hepatic
coma (Wechsler et 2l 1934) would agree with this hypothesss This however
cannof be the entire explanation for Webster and Davidson (1956) report that the
bran 1n hepatic coma does not always take up ammonta but occastonally the
sugular bulb value may exceed that in the artery The blood ammonwum level 1s

q atthough not ty tmsed wm panents in hepatic coma (Phear
et at 1955) (Fig 133) Identical neutalogieal changes can be precipitated by
oral h without prod & constant gise 1n the blood

ammontum level (Phear et ot 1936) The relanton of blood ammonum levels to
Irver coma mught thus be simdar to the relation of blood wrea Jevels o chimcal
MTOG— 5§ 18RS



LIVER FAILURL

phosphatase level These features are helpful 1n assessing the significance of the
Jaundice

In the chronic failure of Lacnnec s cirrhosis jaundice 1s usually mild Clinical
1eterus 1s of grave prognostic significance The survival time of erythrocytes 1s
diminished and haemolysis contributes to the jaundice (Chaplin and Mollison
1953 Jandl 1955)

The jaundice associated with Liver farlure can often be reduced by ACTH or
cortisone (Sborov et al  1955) but such therapy does not affect the underlying
disease process and cannot be recommended as a routine measure

NEURO PSYCHIATRIC CHANGES

The view that a neurological syndrome may complicate liver disease of varted
aetiology has now been accepted and the term hepatic coma has come to encom
pass the whole clintcal syndrome of which coma 1s only a small part (Adams and
Foley 1953 Sherlock et al 1954) The better recogmtion of the earhiest changes
which precede coma has improved the prognosts as much as the better understand
ing of the mechamsms and consequently more rational therapy

Chaucal preture

Clouding of conscrousness usually shown by extreme apathy and confusion occurs
1n all patients and sometimes progresses to coma ‘The lapse into coma may be abrupt
but nore often the msidious evolutton of mental confusion and apathy or sometimes
extreme emotional lability 1s the first sign of deterioration Though varied by grimacing
and blinking facial expresston becomes vacant salivation increases and speech 1s slow
sturred and y 10 the of a few 1 phrases Stmul
taneously comprehension becomes clouded so that simple requests are obeyed with
difficulty if at all and socially bizarre behaviour exemplified by lack of restramnt
nocturnal ramblings and a pecuhar tendency to evacuate bladder and bowels i m
appropriate places create embarrassing sttuations

The eprsodes commonly begtn 1n the late evening are of vartable duration and may
terminate at any stage the patients having no recollection of their actions Recovery
15 often rapid consciousness returning before other neurplogical sizms abate Vanation
from day to day and even from Hour to hour 1s particutarly noticeable

The most characteristic neurological sign is the flapptng  tremor remauscent of the
beating of a bird s wings This 1s best demonstrated with the patient s arms outstretched
and the fingers separated as a series of rapid fletion extension movements at the meta
caepaphalangeal and wrist Joints often accompanied by lateral movements of the digts
There 1s 1n additton a fine 6-9 per second trenor of the outstretched fingers Spread
of this tremor to the elbows and shoulders 1s best seen if the patient puts his hands on
his head On sutting forward i bed the whole body may shake the legs may jerk and
wco ordination 1s gross in the finger nose and hee! knee test The patient 1s ataxic
There may be a trombone tremor of the protruded tongue and twitchmg of the face
when the corners of the mouth are retracted Al these motor abnormalities disappear
m repose or 1n renussion They are liable to be mussed if the patient 1 only observed
at rest and not asked to hold his hands in front of im The flapping tremor also occurs
sometimes in patients with uraemia or respiratory faldure

Less specific findings mclude increased tendon reflexes and muscle tone with ankle
clonus and normal plantar responses As coma deepens muscle tone becomes flacaid
previously brsk clonus and tendon reflexes can no longer be elicited and the plantar
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wraerma (Singh et al  1954) 1n both cases a correlation can be established but 1n
nether 15 the relationship causal

Although there 15 speculation concerning the nature of the toxic substance or

b the 1 di and route by which 1t reaches the bramn
seems certain Observations using oral ammonium chlonde as the test mtrogenous
substance and the hepatic vein cathetenization technique have shown two routes
by which toxic substances of ntestinal ongin mught reach the systemic circulation
1n patients with liver disease In patrents with severe hepato cellular disease (for
example severe virus hepanitis) the failing liver atlows the substances to pass
unaltered 1nto the pertpheral blood In patients with cirrhosty in addition to 1m
pared hver function the presence of a collateral eirculation delivers portal vein
blood directly to the peripheral blood stream befose it can be metabolized by the
Iiver The neurological syndrome can therefore be termed a porfal systemic
encephalopathy (Sherlock et al 1954 Whtte et al 1955) The development of the
syndrome 1n a patient with crrhosts depends upon the balance between the extent
of the collateral circulation and the capacity of the liver to metabolize toxic
factors There are thus 3 factors to be constdered 1n any patient with liver disease
showing neuro psychatric changes (Fig 134) (1) mtrogenous substances 1 the
intestine  (2) portal systemic collateral vems diverting blood past the hiver and
(3) depressed hepato celtular function

Chiical classification

The syndrome may be classified mto an acute type with or without an additional
precipitating factor and a chromc type

The acute type

The acute type ts best seen 1n fulminant virus hepatitts where the personahity
change 15 transient and coma supervenes rapidly The tremor may be short hived
Fits mama and screanung attacks may be conspicuous especally in children In
cirthosis such spontaneous neuro psychiatric changes mark the later stages of the
dtsease when liver cell failure 1s predominant

The varous 1nsults which precipitate the acute type in the cirrhotic patient do
so either by impairing hiver function or by increasing the amaount of towuc nitre
genous substance 1n the intestine Gastro mtestinal haemorrhage usually from
oesophageal varices 1s by far the commonest prectpitant The blood 1n the mtestine
15 the equivalent of a large protein meal and the hypotension and anaerma impar
the oxygen supply to the hiver Other precipitants impairing liver functton are acute
mfections acute alcoholism and drugs especially morphine and barbiturates
Coma may also be precipitated 1n a patrent with poor liver function by increasing
nitrogen 1 the intesine by a large protein meal or by therapeutic doses of
ammonmum chloride metluonne urea or choline

Paracentesis abdomtms may also initiate coma although the mechamsm 1s
uncertain  Electrolyte imbal; foll g the withd, of large
of sodim and water changing hepatic circulation when portal vein pressure 1s
reduced and hypotension due to a vasovagal reaction may contribute

The carbonic anhydrase inhibitor acetazolamide (Diamox) given for some days
occastonally causes neuro psychiatnic changes in the patient with cirrhosts (Kunkel
1954) and there 15 an associated 1ncrease in blood ammonium levels (Webster and
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Fic 133 —Blood ammonium levels related to grade of neurological disability
Solid circles neurological disabtlity present or past open circles no neurological

signs (B courtesy of the Editor of the Lancet )
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FIG 134 —The mechan
wsm of neurological
changes leading to
hepatic coma The
three important factors
are (1) mtrogenous
substances in the 1
testmes (2} portal
systemic  coflateral
vemns diverting blood
past the hver and
(3) depressed hepato
cellular function  (By
courtesy of the Editor
of the Bt med J)
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uraemua (Singh et al  1954) 1n both cases a correlation can be established but 1n
neither 1s the relationship causal

Although there 1s speculation concerning the nature of the toxic substance or

the prod and route by which it reaches the bran

seems certain Observations using oral ammonium chloride as the test mtrogenous
substance and the hepatic vein catheterization technique have shown two routes
by which toxic substances of intesttnal ongin might reach the systenuc circulation
n patients with Iiver disease In patients with severe hepato cellular disease (for
example severe virus hepatitts) the failing hver allows the substances to pass
unaltered 1nto the penipheral blood In patsents with cirrhosis 1n addition to tm
patred liver function the presence of a collateral circulation delivers portal vein
blood directly to the peripheral blood stream before 1t can be metabolized by the
lver The neurological syndrome can therefore be termed a portal systemic
encephalopathy (Sherlock et al 1954 White et al 1955) The development of the
syndrome 1n a patient with cirrhosis depends upon the balance between the extent
of the collateral circulation and the capacity of the hver to metabolize toxic
factors There ase thus 3 factors to be considered 1m any patient with liver disease
showing neuro psychiatric changes (Fig 134) (1) mitrogenous substances 1n the
1ntestine (2) portal systemsc collateral veins diverting blood past the iver and
(3) depressed hepato cellular function

Chimical classification

The syndrome may be classified 1nto an acute type with or without an additional
precipitating factor and a chrome type

The acute type

The acute type 1s best seen 1n fulmunant virus hepatitts where the personality
change 15 transient and coma supervenes rapidly The tremor may be short lived
Fits mania and screanung attacks may be conspicuous especially 1n children In
crrrhosis such spontaneous neuro psychiatric changes mark the later stages of the
disease when liver cell failure 18 predominant

The vartous insults which precipitate the acute type 1n the cirrhotic patient do
so either by 1mpairing hiver function or by increastng the amount of toxic mtro
genous substance in the intestine Gastro intestinal haemorrhage usually from
oesophageal varices 1s by far the commonest precipitant The blood 1n the intestine
15 the equivalent of a large protein meal and the hypotension and anaemia smpair
the oxygen supply to the liver Other precipitants imparring hver function are acute
infections acute alcoholism and drugs especially morphine and barbiturates
Coma may also be precipitated 1n a patient with poor lver function by increasing
nitrogen 1n the intesttne by a large protemn meal or by therapeutic doses of
ammonium chlonide methtonine urea or choline

Paracentesis abdomums may also imbate coma although the mechamsm 15

! ly bat foll, g the witt 1 of large
of sodium and water changing hepatc circulation when portal vetn pressure 15
reduced and hypotension due to 2 vasovagal reaction may contribute

The carbonic anhydrase inhibitor acetazolamide (Diamox) given for some days
occasionally causes neuro psychiatric changes in the pattent with cirthosis (hounkel
1954) and there 15 an associated increase 1n blood ammonium levels (Webster and
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FiG 135 —The portal vemn 13
occluded and all the contrast
medwm 1s dwerted mto col
lateral channels (By courtesy of
the Editor of the Quart § Med)

Fig 136 —The portal vem 1
occluded and the contrast
medium 15 diverted mto 2
greatly dilated inferior mesen
teric vein (By courfesy of the
Edrtor of the Quart J Med)
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Davidson 1956) Diamox impairs ammonium tolerance 1 Iiver disease and

hes the uptake of by peripheral tissues (Dawson et al  1957)
The chronic t)pe
‘The chromic type 15 d with an i i \ ;
skill et al 1956) This may be di d only by the tect of

portal venography (Atkinson et al 1955) This circulation may follow thrombosis
of the portal vein with diversion of the entire portal blood stream into collateral
channels sometimes with distension of the inferior mesentenc vemn to form a
single collateral channel (Figs 135 and 136) Sometumes the umbilical vemn 15
widely patent (Fig 137) There may be an extensive collateral circulation without
a single major vessel (Fig 138) The construction of a surgical porta caval anasto
mosss for the relief of portal hypertension 1s followed by sumilar chromc neuro
psychiatric symptoms 1 10-15 per cent of patients (McDermott and Adams
1954 Ruddell 1955)

The portal collateral airculatton 1s so important 1n this group that 1t may be
questioned whether 1t should be described under the heading of liver falure
However there 1s always some liver disease 1n addition most frequently cirrhosis
but sometimes only fatty change in the liver cells The tntermuttent neuro psychuatric
disturbance may continue for as long as 6 years (Summerskill et al  1956)

Treatment

The 1ntestines must be emptied and kept empty of all mitrogen-containing material
All dietary protern 1s stopped and at least 1 600 calones are supplred daily as glucose
dninks or as 20 per cent glucose through an intragastric dnp When necessary 40 per
cent dextrose 15 used 1n; ly through tubing via an ante
cubital vern nto the mnomnate vemn or superior vena cava small veins would be
thrombosed by glucose of this strength Care 1s taken to avoid flud overload urmary
volume 15 measured and lung bases and jugular vein filling examuned regularly Potas
swm supplements are often needed when glucose 1s the only source of calories The
exact amount 15 dictated by the history of the patient serum potassium values and
electrocardiographic changes

During recovery protemn 1s added n 20-gramme increments on alternate days
The protemn 15 divided between four meals Any relapse 1s treated by a return to the
former regime Patients with an acute episode of coma soon achieve a normal dietary
protemn intake In the chromic group permanent protein restriction 1s needed to control
mental symptoms (Summerskill et al 1956) the limt of tolerance 1s usually 40-50
grammes protemn per day In this group an exacerbation of symptoms 1s treated by
rest abstention from protem and a short course of chlortetracychne

Vitamuns k and B complex supplemnents ate given parenterally The lower intestine
1s emptied by an enema and this 15 repeated 1f necessary Oral magnesium sulphate
15 mullilitres daily was alsa given for some patients in the chrone group and st was
reported that they felt better when bowel actions were regular

Chiortetracychine grven by mouth protects pattents with liver disease from the
adverse neurological effects of oral di methionine (Phear et al 1956) The bacterial
flora of the small gut 1s increased in patients with hepatic errthosis and the number of
organisms and their effect on methionme 1s much reduced by the antibiotic (Martim
et al 1957) These results support the recommendation of wide spectrum anttbiotic
therapy by mouth Chlortetracychine 1s given of necessary by stomach tube a loading
dose of 2 grammes being followed by 0 5 gramme 6-hourly for the duration of symp-
toms or to a maumum of one week Diarrhoea may complicate chlortetracycline
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FiG 137 —A very large amount of
contrast meditm s diverted into a
large umbilical vein which 1s filled
from the left branch of the portal
vern and passes towards the iliac
veins Later radiographs showed
filling of the nferior vena cava
(By courtesy of the Editor of the
Quart J Med)

F16 138 —The portal vein 1s patent There 1s an extensive collateral

circulation mainly through the left gastric and oesophageal veins

but also through some lumbar vems the left suprarenal vemn and

the inferior vena cava The intra hepatic radicles are distorted (B

courtesy of the Editor of the Quart J Med )
therapy and necessitate withdrawal of the antibiotic Long term use 1s also assocrated
with the emergence of resistant organisms Fisher and Faloon (1956) have reported
the continued use of neomyctn 1n the group with chronic neuro psychiatric changes
Neomyemn 6 grammes daily 15 the satisfactory antibiotic for routine use In the treatment
of hepatic coma although it is most expensive
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Preciputating factors are energencally treated  Patients in impending coma are ex
tremely senmtive {lthe and sigms bewng d where
possible these are avoided If the patient s uncontrollab'e half the usual dose of pento
barbital may be given  morphune 15 atsolutely contra smdicated. Drugs known to induce
hepati. coma such as ammonmum salts ammonium exchange resins methiomne urea
chiorthuzid. and Diamox are not to be admunistered

Gastro mtestnal b, h usually from I varices 15 2 common
precipitant of coma The bleeding may be a stow coze and overt haematemesss or
melaena delayed for some hours Gastnc contents should therefore be exammed
and rectal exammation performed 1 all patients where the precipitant of coma s
uncertatn Gastro mtestinal haemarrhage with hepatic coma s always an mdication
for the & k t tube Blood 15 used to man
tain the haemoglobsn above 10 gramnies per cent This may need to be prolonged and
a piece of plastic tubing threaded 1vto a farge vein 1s often the surest way of deliverng
a constant supply of blood Toue factors including sigmificant and increasing amounts
of ammonium develop rapidly 1n blood after shedd ng and where possible fresh blood
15 used for transfusion

Glutanic 2cid therapy 1s based on the supposition that ammonium toxiery 1s impor
tant 1n the genesis of hepatic coma Glutamic acid should react with the ammomum
farnung mnocuous glutamme (Waishe 1953) Good results have been claimed in smalf
senies (Waishe 1953 Priestetal 1959 althou, h this has not been confirmed by wider

under ds (Sherlock et al 1954 Alexander et al 195%)
Although the blood ammontumt level may fail after the adrumistration of glutamic
acid there 15 hittle chnical improvement (Sherfock et al  1946)

The evidesive favourmg the use of ACTH and cortisone 1 hepatic coma has not
been convincing Fvans et al (1953) found the drugs of ne value and Ducer and Katz
(1952} noted good resuits in some but faure 1n others Sborov et al (195%) poted
defimte but transitory benefit i 2 patrents griven ACTH Corticoid hormones are not
recommended for hepatic coma occurnng m patients with cisvhosis In patients where
the syndrome complicates virus hepatitis recovery 1s so rare that very farge doses of
cortsone (f 000 mull daily) or ( } may be
tried of coma 13 decp

1t 1s dangerous to give amino acids such as methiomne which are toxic to these
patients Amuno acids cannot be metabolized by the tating liver and are already being
excreted m the urine Simalarly ltpatrapes such as choline prove of no value and mav
have toxic effects

Results of treatment

In ore sertes of 66 patients treated by the conservative regime 47 reached deep
coma and 39 (58 per cent) secovered Of W patients 1 scute deep coma due to
vitys hepatitis ot eirthosis 11 survived (Table T Sherlock et al 1956} Results
are even more ympressive 1n the cirthosis and hepatiss group if the pre comatase
state 15 wncluded for 24 of the 47 patients survived Tt 15 of course 1mpossible to
predict how many of these pre comitose patients would have passed mto deep
coma if untreated ar how many would have A
of therapeutic results 1n hepatic coma 1s comphcated by the unpredictable ftuctua
ttons 1 clinteal course and the vanable response to freatment of the numerous
precipitating factors

Prognosis
Prognosis (Table 11} depends on the extent of hiver cell fatlure The chrome
group wath relatively good tiver funcuion but with an etensive collateral crrcutation
9
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FIG 137 —A very large amount of
contrast medium 1s diverted mnto a
large umbslical vern which is filled
from the left branch of the portal
vem and passes towards the ihac
vems Later radiographs showed
filling of the mferior vena cava
(By courtesy of the Editor of the
Quart J Med)

FiG 138 —The portal vein 1s patent There 1s an extensive collateral

crreulation mainly through the left gastric and oesophageal veins

but also through some lumbar veins the left suprarenal vein and

the mferior vena cava The mira hepatic radicles are distorted (8y

courtesy of the Editor of the Quart J Med)
therapy and hd | of the Long term use 15 also assocated
with the emergence of resistant organtsms Fisher and Faloon (1956) have reported
the contraued use of neonmycm in the group with chronic neuro psychiatric changes
Neomycin 6 grammes dady 1s the satisfactory antibrotic for routine use m the treatment
of hepatic coma although 3t 1s most expensive
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another complication or of coma recurnng are considerable The majonity of
survivors however are alive one year later and treatment 1s eminently worthwhile

This 1s particularly true of the acute hepatitis group 1 whom recovery 1s usually
complete Altered liver function allowing the passage of touc mitrogenous sub

stances from the intestine to the branas only one aspect of hepatic coma or indeed
of liver failure The regime cannot control the electrolyte disturbance and other
unrecognized metabolic changes which must be occurnng when the liver fails

Moreover no treatment directed solely towards correction of altered cerebral
metabolism can be expected to succeed constantly in these circumstances The
conservative regime seems the bust available and will be modified when other
effective remedies are discovered

FETOR HEPATICUS

This 1s a sweetish slightly faecal smell of the breath and has been likened to that
of aromatic amines mercaptans a freshly opened corpse or mice Fetor hepattcus
oceurs 1n patients with severe hepato cellular disease and also when there are
extensive portal systemtc venous collateral channels It nccurs for instance after

a surgical porta caval It 1s ongin for it
becomes less intense or disappears after defaecation or whcn the gut flora has been
changed by wide spectrum b The b 15 usually de

toucated by the liver but reaches the systemic circulation esther by direct passage
through a damaged liver or by the portal collaterals

Attempts have been made to 1solate the substance responsible for the odour
The most recent has been by Challenger and Walshe (1955) who found methyl
mercaptan 1n the urine of a pattent with hepatic coma who exhibited fetor
hepaticus This substance can be exhaled 1n the breath It was speculated that it
was derved from methionine the normal demethylating process being inhibited
by hver damage

In patients with acute severe hepato cellular disease fetor hepaticus 1s a bad
omen often preceding coma In patients with extensive portal collaterals 1t may
occur transiently for long persods and may not be such a grave sign Fetor may be
a useful diagnostic sign in patients seen for the first time 1 coma and 1n such
cases 1t suggests that the coma 1s hepaue

ASCITES

Inthe absence of a local cause and if associated with parenchymatous liver disease
ascites implies hepato cellular failure The commonest cause 1s portal ctrrhosts
whether alcoholic nutntonal following virus hepatius or of unknown aetiology
Ascnes may Comphcale late or lermmal bihary cirrhosis  haemochromatosts

liver disease The association 15 how
ever infrequent compared wnh portal cirrhosis

Inthedog chromic hepatic venous congestion induced by constr-cting the inferior
vena cava above the entry of the hepatic veins results 1n gross ascites the fluid
having a hugh protein content The ascites assocmcd with cardiac fatluce espectally
tricusprd e or with obstruction of the
hepatic veins (Chiant s synd, has a similar
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TABLE I
RESULTS OF TREATMENT OF PATIENTS WITH
HEPATIC COMA

Mo
Dusease Total reaching | Deaths
grade 3
Acute virus hepatstis 13 8 6
Cirrhosis (acute group) 34 26 17
Cirrhosis (chronic group) 13 10 0
Miscellaneous 6 4
Total 66 48 27
TABLE 1l

FACTORS AFFECTING PROGNOSIS IN ACUTE HEPATIC COMA
COMPLICATING HEPATIC CIRRHOSIS (SHERLOCK ET AL 1956)

Patients
Patients | reaching | poo e

(alf grades)| grade 3
coma
Total 34 26 17
Age (years) >50 26 20 15
<50 8 6 2
Sex M 17 13 n
F 17 13 6
Ascites + 22 17 14
- 12 9 3
Serum bilirubin*t (mg per 100mi) [ > 3 6 6 5
<3 23 16 10
Serum albumin {g per 100 ml ) -3 13 9 4
<3 20 16 12
Precipitating factor + 22 1 10
- 12 9 7
Grade when patient first seen 1 13 5 5
2 9 9 4
3 12 12 8
i
1B P AT ot o 8% ds mbl vbna dse mabm 1 1w nat
mea  d
bined with d 1 gen have the best prognosts and the

acute hepatitis group the worst In crrrhosts the outlook 1s poor if the patient has
ascites jaundice and a low serum albumm level all mndicative of poor lver
cell function If treatment 1s begun early tn the pre comatose state the chances
of success are increased

The therapy of hepatic coma 1s only one facet of the whole management of
the patrent with chromic liver disease The chances of the patient developing
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The part played by the antidwretic hormone 1s probably very small for the
antidiuretic hormone activity of urine 1n carrhosts 1s normal (Stein et al  1954) and
the cisrhotic liver can dispose of antidiuretic hormone normally (White etal  1951)

Destrogens have a salt retaiming action in ammals (Thorn and Engel 1938)
and are detoxicated by the Iiver (Pearlman 1948) Admumstration of oestradiol
benzoate 10 patients with cirrhosis and ascites causes retention of sodium chloride
and water {Preedy and Arthen 1956) and this may be yet another mechamsm
contrsbuting to fluid retention in liver disease

Clinica? features

Ascites may appear suddenly or develop insidiously over the course of months
with flatulent abd d

The sudden onset of ascites may be the of a gastro
haemorrhage a respiratory tract infection or even an alcoholic debauch Any
condition which lowers the plasma protein concentration may precipitate ascites
A sudden 1ncrease tn portal venous pressure due to thrombosis of the portal vein
may cause transient ascites 1f the plasma protein concentratton 1s also low

The insidious onset proclaims a wotse prognosis possibly because 1t 1s not
assoctated with any rectifiable factor There 1s gradually inereasing abdominal
distenston and when the of flmd 15 suff 1o cause Y
embarrassment dyspnoea occurs and this may be the reason for the patient seeking
medical attention

Treatment

‘The two most important factors in ascites formation are lowered serum albumin
concentration and portal hypertension Raising plasma osmotic pressure—for
tnstance by human albumin 1nfusions—is of only transitory benefit It 1s not safe
1 the presence of ascites to lower the portal venous pressure by surgery Theress
however also an intense sodium retention presumably due to secondary sttmula
tion of the adrenal cortex to produce aldosterone and the sodium content of body
secretions such as urine faeces sweat and saliva ts neghgible Virtually all the
sodium taken with food 15 tetained with water to form ascites and on an un
restricted intake repeated paracenteses are necessary Each tap results in loss to the
body of the protein contaned 1n the ascitic flild and as ascites re accumulates
this 15 made up by protein manufactured with dufficulty by the failing liver The
pattent shows progy loss of flesh Re it of ascites can be prevented
by ngid restriction of dietary sodium The drain of proten into the ascites 1s
stopped and the patient gains weight Plasma albumun nises until 1t reaches levels
50 lugh that ascites formation ceases At the onset one paracentesss 1s performed
and the low sodtum regime (22 mulli equivalents equal 0 5 gramme of sodium per
day) commenced 1n a hospital wilh first class dietetic fachmes After about 2
months 1t can be continued at home These patients benefit from a high protern diet
and this should only be reduced with the development of impending coma Most
natural protein foods contain much salt Therefore to achieve a satisfactory mtake
salt poor protein supplements such as casilan must be used Mercurial diuretics
are gtven twice weekly with chloride 3 aday and p
chlonide I gramme aday It1s most unusual for this small dose of ammonium chlor
ide to precipttate hepatic coma
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Ascites only complicates very severe attacks of virus hepatitis usually of longer
than 3 weeks duration when the lesion 1s progressing to the subacute form There
1s always profound hypo albuminaemia
Mechamsm

Pattents with liver disease developing ascites retam sodium avidly (Eisenmenger
et al 1950 Rucketts et al 1951) The mechamsm of this must be extremely
complex (Fig 139) It 1s partly related to the Starling hypothesis that the iter
change of flwd between the blood and the tissuc spaces ts controlled by the balance
of the capillary blood pressure forcing fluid into the tissue spaces and the difference

LIVER CELL FAILURE OBSTRUCTION TO PORTAL BLOOD FLOW

FAILURE TO SYNTHESIZE +  PORTAL HYPERTENSION

ALBUMIN

Fic 139 —The mechanism of
ascites production 1 ar
rhosis of the Iner (Bv
courtesy of the Editor of
the Practitioner )

ASCITES

FUUID DEPLETION
ALDOSTERONE PRODUCTION

SODIUM & WATER RETENTION

between osmotic pressure 1n the vascular and extravascular compartments retaining
fluid 1n the vascular compartment In cirrhosis the osmotic pressure of the plasma
protetns falls due to the failure of the liver to manufacture albumin and the intra
hepatic vascular distortion 15 associated with portal venous hypertension It 1s
clear however that these are not the only mechamisms for mcreased amounts of
the salt retaining hormones of the adrenal cortex (aldosterone) have been found
in the unine of patients with cirrhosis formuing ascites and this output can be
t d by abd 1 par: when the need to retain sodium and water
15 accentuated (Axelrad et al 1955 Wolff et al 1956) The increased amounts
of aldosterone might be due to hepatic functional impatrment with falure to
detoxicate the hormones Expermments on the perfused liver 1n animals (Mtller
and Axelrad 1954) and on surviving liver slices tn man (Chart et al 1956) have
shown that the hiver metabolizes and mactivates the salt retaiming hormone It
could also be related to a lly acting Yy h directed
towards the homeostasis of electrolyte and osmolarity condttions 1n the ctreulation
1 the face of pathological factors which cause a contruous Joss of sodium and
water 1nto the extravascular space It seems likely that adrenal over production
1s combined with impaired hepatic inactivation Adrenalectomy has been used mn
the management of ascites Observations on dogs with experimental ascites
duced by constriction of the thoracic vein show that bilateral adrenafectomy
induces the sodrum diurests and disappearance of the ascites (Davis et al  1953)
In man bilateral adrenalectomy has been performed in a patient with cirrhosts
and 1ntractable ascites Urinary sodium nereased and the response to mercurial
dwretics was improved although ascites persisted and dietary therapy with diuretics
and exchange resins was still necessary (Marson 1954)
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restriction combined with measures 1o deplete body sodiim such as drureticy
exchange resins and removal of oedema or ascitic flmd The syndrome 1s charac
terized by a lowering of uninary volume and chlondes a low serum sodium and
chlonde and nising blood urea levels with rapid gain 1n body weight and hypo
tension There 15 drowsiness weakness mental confuston nausea and muscular
cramps Relief with diuresss and nise 1n blood pressure follows the admemistration
of hypertonic saline solution intravenously Four patients with the hyponatraemia
of liver failure were given saline therapy Given an unrestricted water sntake the
additional sodium was completely retained in 1sotome dilution with further in
crease of an already expanded extracellular volume In 2 patients the hypertonic
saline therapy was followed by pulmonary oedema and even seemed to accelerate
death (Hecker and Sherlock 1956) Sodium should not be given to patients 1n
Tiver failure unless there 1s clear evidence that sodium loss has been sustatned for
wastance by vormung diarrhoea or repeated abdamunal paracenteses

The apparent hyponatraemia might be due to redistribution of sodium a relative
greater fraction occurring in the extracellular compartment (Talso et al  1956)
This concept has not been confirmed by actual measurements of sodium 1n the
various body compartments The term  dilution hyponatraemia  should therefore
be avoided since 1t 1s uncertain how much the low serum sodium 15 due to an ex
panded extracellular space (dilution) and how much to redistribution of sodsum
between extracellular and intracellular fluids A chrome state of hyponatraemua
also occurs 1n chronic debilitanng or wasting diseases such as advanced heart
fatlure tuberculosis or cancer This could be effected either by retention of water
or by excretion of sodium chloride Patients in terminal liver disease are certainly
not excreting sodium and must therefore be retaining water This might be the
result of the antidiuretic hormone the osmo receptors controlling 1ts output betng
set at a lower level although there 1s ittle evidence that this 1s so Aldosterone
must also be considered but this has hitle effect on water metabohsm and excesses
could not explain the phenomena seen 1n patients with termunal liver disease

The azotaermia seems unrelated to organic changes 1n the kidney It could be

d with the h and renal latory failure and with the presence

of blood 1n the intestine This however cannot be the whole explanation for
blood urea may be raised before the development of erther hypotension or gastro
sntestinal haemorrhage It 1s not clear whether the terminal nise 1n blood urea

7 purely 4 Yy or a more lic upset

Warm dry hands hypotenston and a soft full pulse are common features of
decompensated liver disease and the cardiac output 1s 1ncreased in patients with
cirhosis of the liver (Kowalsks et al 1954) Pertpheral venous blood 1s highly
oxygenated (Silverstein 1956) The hyperdynamic circulation 1s not due solely
1o chronic anaemia for the hypotenston precedes the terminal gastro intestinal
haemorrhage and the patients are not severely anaemic The low blood pressure
withncreased cardiac output suggests vasodilatation but the mechantsm of this is
uncertain Shorr et al (1951) mvoked a vasodilator matenal (V D M) which 1s
released in states of liver damage Although the significance of VD M 15 disputed
1t 1s clear that n liver failure there 1s a profound vasodilatatton with a hyper
dynamic circulation  This increased blood flow 1s not to the bran for the level
of consciousness correlates with the blood pressure neither does it seem to be to
the kidney for the azotaerma must be m part crculatory In 1 patient the low
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LIVER FAILURE

The state of nutrition improves and there 1s a rise 1n the serum albumin Jevel
When the serum albumin level has risen sufficiently the production of ascites
will cease and at this stage 1t may be possible to relax sodium restriction Thus
Eisenmenger (1952) found that after 10-40 months of sodtum restriction 11 of
25 patients with cirthosis and ascites could tolerate an unrestricted sodtum 1ntake
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Davidson (1955) treated 30 patients with a low sodium regime and found a prompt
diurests in 4 a delayed diuresis 3-16 months later in 14 and failure usually due to
continued alcoholism or gastro intestinal haemorrhage 1n 12 Dietary sodium
restriction need not therefore be a permanent measure (Fig 140)

Therapeutic failures are usually due to the seventy of the hepato cellular failure
the patient entering the terminal stage of hyponatraenma (see belon) to failure to
co operate or to the presence of a complicating ltver cell cancer

TERMINAL ELECTROLYTE AND CIRCULATORY CHANGES

In the termuinal stages of liver cell farlure certain chinical and biochemical features
are found which presage a fatal outcome Ascites 1f present fatls to respond to the
usual regime of dietary salt restriction and druretics Urnne output dimintshes
Jaundice deepens the blood pressure falls and neuro psychiatric changes of
1mpending hepatic coma are constant Biochemical changes include a falling serum
sodtum level low values are usual in the cirrhotic pattents with ascites and oedema
values below 130 mulli equivalents per Iitre are omtnous and recovery ts most
unusual when levels fall below 125 milli equivalents per litre There 1s a steady
ncrease 1n the blood urea level

The mechanism of the hyponatraemta s very complex A compartson has been
made with the low salt syndrome  This condition 1s caused by excesstve sodium
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disease wiif not be affected f these 1s any component of biftary obstroction the
consequent deficut of prothrombin and factor 7 will be corrected

If Chastmas Factor 15 believed Facking serum should be given Fresh blood
transfuston 1s the only possible method of deahing with the profonnd bleeding
dsathesss of terpunat buwer fadure Corticotrophun depresses fibrinolysin activity
and may be useful of this sbnosmality 1s suspected {(Kwaan et al 1956}
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LIVER FAILURE

oxygen saturation of hepatic venous blood suggested that the hepatic blood
flow was reduced (Hecker and Sherlock 1956) It 1s known that the liver does not
share in the increased cardiac output of other hyperdynamne states such as thyro
toxicosts (Myers et al  1950) Indeed 1n the presence of hypotension liver blood
flow 1s reduced and this may contribute to the hver failure resulting in hypotenston
with further worseming of ftver function This 1s the rationale for rasing systeric
blood pressure Nor adrenaline 1s chosen because 1t 1s a penpheral constrictor
with little effect erther on the splanchnic circulation or cardiac output (Bearn et al
1951) This substance may have a d porary effect 1n 1mp g the
state of consciousness and increastng urinary volume and 15 always worth a trral
Blood transfuston may be similarly effectve

Duarrhoea may be a terminal feature in patients with hiver failure but melaena
or staphyl 1 enteritis foll the use of broad spectrum anttbiotics must
be excluded Diarrhoea can however occur apart from these two contingencies
Its actiology 15 obscure autopsy shows only a hyperaemic small intestine and colon
and the bacteriology of the stools 1s not specific There 15 no treatment apart from
attention to electrolyte balance

BLOOD COAGULATION DEFECTS

The bleeding tendency of liver failure 1s of multiple causation The thrombo
cytopema associated with reticulo endothelral hyperplasia and splenomegaly 15
contributory but there 15 also a profound disturbance of many other factors
concerned with haemostasis Many of these are proteins whose synthesis ts
presumably difficult when liver cell function faills Prothrombin mugrates electro
phoretically with the serum albumn fraction and 1s dimumished 1n lrver cell disease
when serum albumin levels are low In contrast to the hypoprothrombinaemra of
obstructive jaundice this defictency 1s not corrected by parenteral vitamin K
therapy Factor 5 1s a globulin concerned with thromboplastin regeneration
Deficiency may contnbute to the bleeding tendency and prolonged one stage
prothrombin time of patients with hepato cellular jaundice

Chnistmas factor 1s also concerned with thromboplastin regeneration and de
ficiency may be found 1n patients with parenchymal liver disease (Cowling 1956)
This defect 1s not revealed by either the one stage or the two stage prothrombin
times
Fibrmogen 1s manufactured 1n the liver but defictency 1s most unusual ever 1
severe liver failure Recently however there has been renewed interest in increased
fibrinolysin activity of blood 1n patients with cirrhosts of the liver (Kwaan et al
1956 Fearnley 1956) Kwaan and his colleagues thought that this increase did not
correlate with the sevenity of the cirrhosts and 1t might be questioned whether this
represents an actual falure of liver cell function

The two stage prothrombin time should be employed 1n all patients with liver
cell farlure The one stage method 1s not so useful being influenced only to 2
small extent by lack of prothrombin It may be within normal Itmuts in the presence
of prothrombin deficiency

Vitamin k. parenterally should be given routinely to patients with hver failure
Tt 1s and although the I defect of parenchymatous hver
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CHAPTER 24

INVESTIGATION OF PANCREATIC DYSFUNCTION
HexrRY T HOWAT

INTRODUCTION

PANCREATIC lestons often escape d In acute a correct di

1s established before operation 1 less than half the cases and n cancer of the
pancreas the early symptoms are rarely recogmzed until the spreading disease
imvolves some contiguous structure such as the common bile duct This chapter
15 concerned with the of ph ! dge to the clinical study
of pancreatic disease 1 man Dlsturbances of endocrine function will be con
sidered only 1n so far as they are of value m diagnosing pancreatic disease affecting
externally secreting tissue

The chuucal approach

No are path of p disease  Because of this the
traditional and wsual chmical approach to the problem of diagnosing pancreatic
abnormalities 1s by a process of exclusion a method net without nsk as Bright
(1833) pointed out for this mode of an exact
of the other organs which we may not possess The symptoms of pancreatic lesions
mumic the clinical features of disease elsewhere 1 the upper abdomen and the
frequent associatson of abnormalities tn the pancreatic and bihary systems mval
dates conclusions drawn solely from negative evidence

All authonties stress the need for a more positive approach  The more con
stantly we bear the pancreas in mund as a possible seat of ongin of obscure ab-
domnal troubles the less likely we shall be to overlook its lesions  (Garrod 1920)
The climical reviews of the past decade have made us mereastagly famiiar with the
causes of pancreatic disease and with the development and course of pancreatic
syndromes We rely oa tests of pancreatic function to confirm a clinical suspicion
that the pancreas 1s 1nvolved To determine the site of the lesion 1s but a first step
1n dragnosis we need also to determune the nature of the leston Of the two prob-
lems the second 15 often the less difficult

Changes 1n both external and internal secretion of the pancreas m:xy accompany
pancreatic disease 1n most function 1s d

Pancreatic dysfunction may be revealed by the following abnormalitres

(03] 10n of the enzymes in body fluds
(2) Dinumished secretory capacity of the pancreas Evidence of this 1s obtained
(a) directly—by examlmng pancreatic ]unce obtamned by intubating the duodenum

and (&) mparred d and absorption of food
(3) Abnormal carbohydmle |olerance
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ESTIMATION OF PANCREATIC ENZYMES IN BODY FLUIDS

to the upper are almost patt of acute pancreatitis Early
and repeated estimattons should be made so that a transient nise 1n level may not
be overlooked A fall in serum amylase during the course of acute pancreatitts
does not necessarily mean that mmprovement 15 taking place 1t may represent 2
destruction of functioning acmar tissue by the disease process It should not
therefore be used as a prognostic test In more chronic pancreatic disease either
inflammatory or neoplastic the serum amylase does not nise so dramatically
Evidently here the functional activity of the gland dimimshes pare passu with the
progress of the disease The serum amylase however gives a comparatively
constant value for the mdividual (Elman et al 1929) If the base line value for
the ndividual 1s known a ly small elevation may prove

and may be helpful mn elucidating symptoms produced by disease i the upper
abdomen

Urinary amylase

Urinary amylase has long been a popular test with British chmicians n acute
pancreatitis Normally the kidney concentrates amylase present in serum In
acute pancreatitis the concentration ratio persists and since the urinary amylase
may remain hgher a few hours longer than the serum amylase urmary values may
be the test of choice at a later stage of the disease To mimmuze the effects of diuresis
or dehydration on the concentration of amylase m the unne the result should be
expressed 1n terms of output of amylase per hour or if time permuts estimations
should be made on 24 hour collections of urine In renal failure this test may give
Iow values (Gray and Somogy1 1937 Huggms and Russell 1948) During the
course of acute pancreatitis (even 1n the absence of shock) there may be transient
renal mpairment In these circumstances the fall in the serum amylase which
usually occurs 1 2448 hours may be retarded and the rise 1n uninary amylase
may be delayed (Danker and Heifetz 1951)

Annlase in peritoneal flind

The penitoneal exudate of acute pancreatits contains amylase Diagnostic
paracentesis 1s a safe procedure which proves most helpful when a patient 1s first
seen 3—4 days after the onset of illness by which time serum amylase values may
be normal or equivocal (Zollinger et al  1954) A teddish brown flud suggests
haemorrhagic pancreatitis a turbid yellow flud interstitial pancreatitrs fat
globules are present To exclude perforated peptic ulcer tests for hydrochlorc acid
and bile should be made As yet there 1s no means of differentrating the effusion
accompanying intestinal obstruction Values exceeding 300 Somogy units are said
to support a diagnosis of acute pancreatitss (heith et al  1950)

Lipase
Serum lipase

In man there 15 probably Litle Iipase of pancreatic ongin normally present
mserum though serum contains esterases capable of acting on the orgamnc esters of
fatty acids of Jow molecular weight In pancreatic disease however pancreatic
lrpase may enter the blood stream The distinction between serum lipase and serum
esterase 15 not absolute Lipase hydrolyses the esters of higher fatty acids pre
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ESTIMATION OF PANCREATIC ENZYMES IN BODY FLUIDS

Amylase
Serunt ann lase
The two main methods employed to measure serum amylase are the amyloclastic
method of Wohl h as modified by S and the h method of
Somogyt (1938) The first measures the initial stages of breakdown of starch to
erythrodextrins the second 1s an estimation of the amount of reducing substance
liberated m more complete starch digestion In practice the two methods show
close parallelism though the second 1s more precise (Somogyt 1932 1931-32)
Laboratories however should be familiar with both techmiques for the saccharo
genc method becomes more liable to error when there 1s hyperglycaemia and the
loclastic technique may give fall results 1n the presence of jaundice

Both states are not uncommon 1n pancreatic disease In some laboratones the
normal range of 60-180 units given by Somogyr (1921) for the saccharogenic
method has not been confirmed (One unit 1s defined as equivalent to 1 milligram
of reducing substance expressed as glucose per 100 mullilitres of serum ) In our
experience values of 36-140 umits are normal Companison of values from different
laboratories 1s difficult and workers using shight varnations of technique may
adopt a different range of normal values

Amylase 1s present 1 the blood serum of man n health Some of this may
have its origin in the hiver and salivary glands but the major portion arises from
the pancreas An elevated value follows the passage of amylase into the blood
stream from the acini or ductules of the pancreas and s found in pancreatitis and
obstruction of the pancreatic duct The cause of the obstruction 1s not revealed
by this functional test A rased serum amylase will only be found in pancreatic
disease so long as acinar cells are functioming

Certain drseases apart from those of the pancreas itself may cause a nise in serum
amylase forinstance mumps and infective parotitis The diagnosis 1s as a rule clearly
established 1n these cases by inspection Serum amylase values are said also to nise m
renal faiture with nitrogen retention (Danker and Heifetz 1951} but Gross and
Comfort (1956) have found normal values m this conditton In a few cases of abdomunal
disease 1n which the pancreas was not primanly involved—perforated peptic ulcer
small gut obstruction and peritomtis— raised serum amylase values have been recorded
{Wapshaw 1949 1951 M 195 1950 1951 Ed dson et al
1952) In only rare mstances has the value of amylase exceeded S00 units In some these
occasional findings may be explained by the spasm of the sphincter of Oddi caused by
optum dernvatives used to relieve pam A rnise in both serum amylase and lipase has
been recorded 1n a small proportion of normal mdividuals who have been given mor
phine and codemne (Gross et al 1951 Wapshaw 1953 Bogoch et al 1954 Nossel
and Efron 1955) This effect of opuates is shared by pethidme (Gaensler et al 1943
Utendorfer and Bergh 1948) In practice care should be taken in interpreting serum
enzyme values if opiates have been given m the preceding 24 hours (Bogoch et al

1954)
In pancreatic disease serum amylase esimations have proved of more value

1n the diagnosss of acute pancreatitss at an early stage of the disease than in chronc
disease Values greater than 500 umts 1n the presence of acute symptoms referred

402




ESTIMATION OF PANC REATIC ENZYMES IN BODY FLUIDS

present 1n the portat circulation Tt may be that this enzyme is carried over from the
portal to the systemuc vemns through developing anastomotc channels for these findings
are more common n patients who have subacute hepatiis and cirrhosts of the Tiver
1n rare tostances also high serum values are found 1 advanced metastatic carcinoma
of the hiver when the primary tumour 1s in the colon (Johnson and Bockus 1940} or
in the bronchus (Edmondson et a) 1952

Lipase w urme

Nothman et al (1955) claim to have demonstrated pancreatsc lipase in the urme
of normal man Jtss doubtfu} whether the method they use s sufficiently sensiive to
Justify this conclusion

Trypsm

Trypsin in serum

1t 15 ot yet possible 10 deternune directly that tryp m s present wn the blood
stream 1 pancreatic disease for blood serum m man contains powerful infubitors
of trypsn Nonetheless it has been supposed that at least some of the remote effects
of acute p are due to activated tryp which s m the
peripherat blood Storer and kazdan (1953) claim to have estimated trypsin in
blood using the Anson and Mirsky method 1n which haemoglobin 1s the substrate

Blood roagulation factors

The addition of trypsin to biood m wrro alters the coagulation tme When small
amounts of trypsin were added Douglas and Colebrook (1916) showed that blood
clotted more rapidly but with farger doses the coagulation time ncreased This 1s
associated with mcreasing fibrmolytic activity (Shangleton et al  1353) Innerheld et al
(1952) have investigated the changes m anti thrombim activity which occur after the
myection of trypstn mtravenously mto dogs They have also described an increase in
the ants thrombin titre in patients with acute pancreatitis m chronc relapsing pan
creatitss during an exacerbation and m some patients with cancet of the pancreas A
decreased titre was found in cystic fibro 1s and advanced cancer of the pancreas
{Innerficld et al 1951) Doubts have been cast on the specifioty of this test for ab
normal titres both high and low have been found m appreciable numbers of patients
who have no pancreatic disease (Gnffith 1952 Dresling et al  19%4) Moreover the
hypothesis that anti thrombin factors correspond with tryptic activity m the blood 1s
not yet proved The role played hy trypsin 1 coagulation w2 viva s still not clear nor
15 1t known how these anti thrombin factors are related to other proteolytic enrymes
present tn serum such as fibrinolysia and plasnun (Chroisten en and Macleod  1945)

Trypsin in faeces

To estimate the proteases 1n samples of stool does not provide an accurate assessment
of pancreatic activity or function 1n adufts

Serum enzymes followsng shmulation of the external secretion
The estimation of the serum enzymes 1n acute pancreatic disease 15 of such
value that many wotkers in {his §eld have modified the conditions of the tests ta
increase therr value m cancer of the pancteas and in chromic and intermittent forms
of pancreatitis Thts has been done in three ways (1) by stimulating the pancreas
toseurete (2) by mving morphune which produces spasm of the sphuncter of Odd:
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INVESTIGATION OF PANCREATIC DYSFUNCTION

ferentially whercas esterase acts on the esters of short chain fatty acids Since a
considerable overlap exists in the action of the two enzymes attempts have been
made with inlubitors and potentiators to ncrease the specificity of the tests for
pancreatic lipase present in serum In pancreatic disease (Chiray et al 1931
Lagerlof 1945 1947)

In chincal practice the method used by most workers 1s a modification of the Loeren
hart techmque for esterase described by Cherry and Crandall (1932) The substrate 1s
olive ot and 1n spute of the theoretical disadvantage of  reactson taking place in a two
phase oil and water system 1t proves a satisfactory climucal test The replacement of
olive ol by other substrates such as the simpler esters of fatty acids offers no advantage
i climeal diagnosts In the Cherry and Crandall method the serum and olrve oil are
incubated for 24 hours which linuts the value of the test in acute pancreatitis No other
simple rapid and accurate method of estimating pancreatic hipase m serum, however
has yet displaced this method m clinical laboratories In our experence the upper
Dimut in normal subjects 1s 11 mulliltres of N/20 sodium hydroxide per mullilitre of
serum

During the course of pancreatic disease serum hpase vanes with serum amylase
though they do not run wholly parallel (Fig 141) The estimation of serum amylase
because 1t can be done more rapidly s the method of choice 1n acute pancreatitis
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though the serum lipase may be elevated n a higher proportion of cases {Comfort
and Osterberg 1940) The elevation of serum lipase may be delayed a httle and
may be present fonger than the nse m amylase {Johnson and Bockus 1940)

As with amylase high hpase values have been reported 1 a few mstances of per
forated wlcer ntestinal obstruction and pentonitis not primanly due to acute pan
creatitss and 1n a few normal sndividuals who have been given opum dervatives ‘When
the hver 15 damaged a raised serum Jrpase may sometimes be found even when there 1>
no pancreatitis (Cummuns and Bockus 1951) In these instances there seems to be httle
evidence that the abnormal liver produces additional esterase whech sphs fats or
that the impatred liver cell cannot detox:fy the small amounts of enzyme normally
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was observed but 1n cases of pancreatitis n which high imitial enzyme values had
been observed and 1n cases exanuned within 10 weeks of an acute attack elevatton
occurred after secretin In pancreatitis and carcinoma of the pancreas with normal
fasting values a Tise 1n enzymes was sometimes seen Other workers have apphed
the principle of this  provocatve 1test o their enzyme methods—to the anu

thrombin titre (fnnerfield 1952) and to the pantol clotung test a test of increased
blood coagulability (Shingleton et al 1952) Dreshing criticizes the theoretical
basss of provocative tests in that the results depend on two vanable and opposing
factors—on the one hand duct obstruction and the extent of parenchymal damage
on the other—and points out that n practice overlapping data and discordant
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FIG 142 —The serum enzyme response evoked by secretin and pancreozymn in 3 patients
with cancer of the pancreas {1) Patient 109—with notmal ghicose tolerance—the blood
sugar was 109 maligrams per 100 mullilitres 23 hours after 50 grammes of glucose by
mouth (2) Patient 140—with shightly impatred glucose tolerance—the blood sugar
was 140 mulligrams per 100 mllilitres 24 hours after 50 grammes of ghicose by mouth
{3) Patient D—with frank diabetes mellitus (a) Serum amylase values—the upper hmit
of normal after stimulation 3s 160 umits (b} Serum hipase values—the upper himit of
normal after stimulation 1s 1 3 mllilitres

findings have been reported by different observers (Drethng and Richman 1954
Dreiling and Janowitz 1956)

In a recent communication the Manchester workers have gtven an account of the
results of estimating serum amylase and lipase after an mtravenous injection of
secretin followed by pancreozymin In normal subjects there was little change in
serum enzyme values Sigmficant yncreases of serum amylase and lipase were
evoked 1n chronic relapsing pancreatitis and 1n cancer of the pancreas so long
as sufficrent acinar tissue remamed active and capable of secreting In their
hands an oral glucose tolerance test provided a means of assessing the extent of
pancreatic damage 1n both the severer degrees of chronic pancreatitis and cancer
of the pancreas When there was evidence 1n an impaired glucose tolerance test
of extensne pancreatic damage elevated enzyme values were less often found after
stimulation {Fig 142) These two tests were complementary and used together

407



INVESTIGATION OF PANCREATIC DYSFUNCTION

thus increasing the obstruction tn the duct system (Lagerlof 1945) and (3) by
combiming these two methods

The pancreatic stimulants used have been as a rule secretin and parasympatho
mimetic drugs Popper and Necheles (1943) showed experimentally that secretin and
mecholyl produced an elevation of serum lpase mn dogs with a normal pancreas
but not 1n antmals mn which the pancreas had atrophied Secretin alone produced
no elevation in normal dogs but a rise was found after the pancreatic duct was tied
(Popper et al  1943)

These observations suggested the two ways in which serum enzyme estimations
following stimulation of the pancreas might be adapted for chinical use in man

Serial deter of serum enzymes after 1 of the bmed
with morphine admimstration
In this method a powerful stimulus 1s given to produce an adequate response

from the gland at the same time morphine 15 given to contract the sphincter of
Oddy temporanly When actnar function 1s normal a rise in serum enzymes would
be expected but no elevation would occur 1n the presence of severe actnar destruc
tion In practice this sharp distinctron 1s not always observed 1o individual cases
Myhre et al (1949) described their results when they combined secretin with mor
phine A significant elevation of serum amylase or lipase was found m 70 per cent
of normat subjects The morphme secretin test gave no rise m 9 patients with
advanced pancreatic discase The percentage of positive tests 1s not sufficiently
high to yustify the use of this techmique 1n clinical practice There seems httle pornt
n applying these tests to prove the destruction of pancreatic acinar tissue This is
as a rule recognized chinically by stool examation or with much more certainty

y 10n of the duodenal after I of the p Burke
et al (1950) moreover doubted the wisdom of combining the action of secretin
with morphine because of the possible risk of aggravating latent pancreatitts

Serial af serum lowung 1 of the

In this alternative method no morphine 1s given since the purpose of the test
1s different When the pancreas 1s normal no elevation 1n serum enzymes would be
expected but in the presence of duct obstruction a rise would be obtained so long
as the pancreas s able to secrete enzyme Kamght et al (1949} who did serial
determinations of serum amylase at intervals of 30 minutes following the mjection
of 1 milligram of prostigmene methyl ¥ larly have analysed the
changes observed over 2 hours Normal cases showed no alteration In obstruction
of the duct and 1n destruction of the gland charactenstic deviations are obtained
In most cases the response of the mdividual patient suffering from chrontc pan
creatitis 1s not decistve enough to be of diagnostic value It would appear that the
dose of prostigmine used does not stimulate the external secretion of the pancreas
sufficiently to achieve the aim of the test Moreover vagal stimulants such as
pr lyl and urecholine are not the best to use for this purpose since
they may have both a direct action on the pancreas and a secondary action when
the acid gastrie juice produced passes into the duodenum

Lopusmak and Bockus (1950) 1n 2 study 1n which secretin only was admmis
tered did serial estimations of serum amylase and hipase before and one 4 and 24
hours after giving the hormone In a control group no elevation of serum enzymes
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DIRECT ESTIMATION OF PANCREATIC SECRETORY CAPACITY

minutes secretin 1s injected mtravenously The duodenal and Bastric contents are
collected 1n 10-nunute fractions for 60~80 munutes The volume of secretion of pan
creatic jurce following secretin given intravenously reaches 1ts maximum in 10 mnutes
and then dimumishes The dose used (1 clinical umt per kilogram of body werght)
affects the secretion for some 60-80 minutes The mean volume of the duodenal
contents secreted 1n 60 menutes i response to this dose of secretin was 202 5 mullilitres
1n the senes of 48 healthy adults reported by Lagerlof (1942) In man as in anmals
secretin stumulates the secretion of juice wnh hlgh bicarbonate and low chloride con
The 1n duodenal contents usually
reached n the second 10 minute mterval 1s about 125 mulli-equivalents per litre with a
chloride about 30 rmilli-eq perlutre C of
thereafter diminishes as the volume dinumshes and the concentration of chioride nises
mnversely ‘The sum of the concentration of bicarbonate and chloride 15 about 155 milli
equivalents per itre The mean total output of bicarbonate m 60 runutes was 19 38
mullt-equivalents in Lagerlof § normal series  The concentration of amylase trypsin
and lipase drops to a low level in the second 10-mimute period after which 1t nises as the
rate of secretton of juice falls The total amounts of enzyme secreted per unit trme are
of the same magmitude 1n the different samples with the excepuion of the first 10-munute
sample In the first 10 minute sample after secretin the concentration of the three
enzymes rises 1n parallel fashion The total output s much increased and the paratlelsm.
exists 1n total output of all three enzymes following secretin At first Agren and Lager
lof claimed that secretin actively stimulated the secretion of enzymes but Lagerlof
{1942) later concluded that this was not so The increased enzyme output in the first
sample after secrettn may be due to a washing out of pre formed enzymes from the
duct system of the pancreas by secretin stimulated juice a phenomenon noted
amimals Voegtlin et al (1934) considered that secretin stimulated 2 flow of enzymes
It seems more likely that their secretin contamned pancreozymin  From the practical
pomt of view the secretin test when repeated 1 the same indrvidual gives repeatable
results so far as volume and bicarbonate are concerned Greater vanations occur 1n
enzyme output

Lagerlof (1942) gave quanttative valucs for total volume blcarbonnle output
and output of enzymes 1 the ] contents fi g by secretin
Diamond and Stegel (1940) considered that results expressed in terms of output
per kilogram of body weight give a more accurate est mate of pancreatic function
Confirmation of the results obtained m man by this secretin test have come from
many sources Dreling and Hollander (1950) and Dreihing (1951) who also gave
1 climical umt of secrettn per kilogram of body weight and continued the test for
80 minutes havegiven the following minimum normal values (1) for total volume—
2 mulhilttres per kilogram (mean 3 2 + 0 1 millilitre) (2) for maximum bicarbonate

90 mills per htre {mean 108 + 1 mith equivatent/L)
(3) for amylase output—6 units per kilogram (mean 14 2 + 0 4 units per kilogram)

The secretm test in pancreatic disease

In pancreatttts Lagerls (1939 1942) found two mam types of abnotmal
response

Type 1 —Ths 1s present during the first two weeks of the recovery phase after
muld or moderately severe acute pancreatitts The enzyme secretton 1s depressed
The charactensstee finding 1s a reduction 1n the output of amylase while values for
trypsin and lipase may be less affected—ths state 1s reversible

Type 2 ~This1s found when ireesersible changes have taken place sn the pancreas

409
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were of value 1n estimating pancreatic 1mvolvement m chronic Ppancreatitis and
carctnoma of the pancreas This secrefin pancreozymn test was also positive m
some patients with bilsary tract disease occasionally after recovery from acute
pancreatitts and rarely 1n cirrhosis of the liver (Howat et al  1955)

This method 1s of value because of the technical simplicity of the test The
prerequisites of a successful provocative test are (1) an adequate stmulus which
can be reproduced quantitatively 1s gtven to the pancreas in practice secretin
or secretin and pancreozymun have proved the most useful (2) both amylase and
Iipase should be estimated in serum since we agree with Lopusmiak and Bockus
(1950) who consider that an increased serum lipase 15 2 more sensitive 1mdex of
pancreatic obstruction than a change in serum amylase (3) a concomutant glucose
tolerance test 15 made

The evocative tests tend to give evidence of early pancreatic dysfunction and are
probably the most sensitive index at present available 1 chronic relapsmg pan
creatitis and cancer of the pancreas Indeed evocative tests may be rather too
sensitive because they may demonstrate functional change at the sphincter of
Oddi when gall stones are present in the neck of the gall bladder or mn the common
bile duct This 1n itself however 1s not necessanly a disadvantage for the evocative
test 13 here drawing attention to those patients who potentially at any rate are
hable to develop pancreatitis and 1n whom a prophylactic operation on the biliary
tract 1s most likely to Iead to a cure

DIRECT ESTIMATION OF PANCREATIC SECRETORY CAPACITY

E of duodenal contents

In man pancreatic secretion cannot be obtamned for analysis i 2 pure state but
pancreatic function can be estimated directly by duodenal sntubation This
method 15 not entirely factory for duodenal are an admuxture of
flmd derived from the intestine biary tract and pancreas Early experiments
with this techmique were further complicated when food and food extracts were
introduced 1nto the duodenum to stimulate the pancreas In health fasting duo

denal contents show wide variations Agren and Lagerlof (1936) who possessed
a purified preparation of secretn which could be given mntravenously to stimulate
the flow of pancreatic yuce developed a method by witch 1t could be used 1n man

Their method 15 now generally followed with only mimor vanations

The secretnt test of pancreatic function

In a fasting patient a radio opaque double fumen tube 1s passed and sited under the
X ray screen so that one lumen drams the duodenum and the other the stomach A
functional separation of stomach from duodenal contents is achieved at the pylorus
by contmuous aspiration of both tubes at a constant negatrve pressure of 25-40 mih
metres of mercury Quantitative recovery of duodenal contents is armed at the juice

being collected 1nto led flasks glycerin to of
pancreatic enzyme Saliva 1s also aspirated from the mouth Preventing the passage of
hloric acid mto the duod: by gastric obwiates the

the strrmulant action of acid on the pancreas and the neutralization of the bicarbonate
secreted by the pancreas The bile and 1ntestinal pnee present do not mvahdate the test
50 long as all the duodenal juice 15 recovered After a control period of some 20-40
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macrophages and crystals of cholesterol and caleium bilrubmnate are present on
microscopy Culture of the duodenal contents 1s of doubtful value but 1s occasion
ally rewarding 10 patients with cholangitis

Cancer cells

Special techniques can be apphed to the duodenal aspirate to search for ex
folrated cancer cells (Lemon and Byrnes 1949 McNeer and Ewing 1949 Lemon
1952) In suspected cancer of the bile ducts and pancreas positive results are
more frequently found before the patients develop jaundice and the growth has
obsiructed the ducts Rubin et al (1953) found cancer cells mn 4 of the 8 cases of
cancer of the pancreas they investigated by this method

EVIDENCE OF IMPAIRED DIGESTION AND ABSORPTION
OF FOOD

Exammation of the stools
Indirect methods are also used to demonstrate mnsufficiency of the external secre
tion of the pancreas Qualtative changes in the naked eye and microscopic
appearances of the faeces are less d dabl 1stics than
evidence whtch 15 obtained by correlating the faecal output with the dietary mtake
of fat and mitrogen yet inspection of the stools 1s a useful chintcal observation
In gross deficiency of external pancreatic secretion the stools are bulky and fat
and recogmuzable macroscopreally 1€ 1n additron blood 1s present the stools may
appear to have been smeared with silver or alumimum pamt (Ogilvie 1955)

Microscopic exarination of the stools from a patient on a mixed diet reveals
highly refractile neutral fat globules which stam with Sudan IH and undigested
meat fibres are present In normal adults on a mixed diet the fat content of a
single stool should not exceed 25 per cent of the dned weight of the stool (This
cnterion 1s only valid1f no hiquid parafin 1s being taken by mouth )
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as a result of necrosis fibrosis or duct obstruction A fall 1 both enzyme and
bicarbonate output occurs

Transitional types of response are found

A reduced volume of the duodenal following stimul. by secretin 1s
not such a characteristic feature of pancreatitis as 1s a lowered output of bicar
bonate Lagerlof (1942) attributed this to the accompanying depresston of gall
bladder function frequently found in pancreatitis Hepatic bile flows more or less
conty ly 1nto the duod to augment the volume of duodenal juice but
bile does not raise the bicarbonate values to the same extent

Cancer of the pancreas —In cancer of the pancreas particularly of the head of
the pancreas which 1s mvolving the common duct as well as the pancreatic duct
a reduced volume of juice 1s accompanied by a fall in enzymes and bicarbonate

Dretling (1953) has found 1n an extensive study with the secretin test two mam
abnormal responses 1n patients with pancreatic disease (1) a qualitative deficiency
tn which the volume of the secretin 1s sustained but the bicarbonate response and
to a lesser extent the enzyme secretion 1s dinumshed This type 1s found n chronic
inflammatory disease of the pancreas The ch 1stic defect 1s the dep
of bicarbonate secretion and only m advanced cases are volume and enzyme
secretton affected and (2) a quantitative deficiency i which there 15 a tendency to
reduction 1n the volume with maintenance of bicarbonate and enzyme concentra
tion Thus 1s charactenistic of pancreatic duct obstruction as seen 1n neoplasm and
1s most marked 1n diffuse tumours and tumours involving the head of the pancreas
which cause obstruction of a major duct To some extent a reduction 1 volume
does occur however 1 tumours of the body of the pancreas also but this is not
found 1n tumours of the tail of the pancreas

Secretin 1s not an enzyme stimulant Drerling and Janowitz (1956) thought this
accounted for the prominence of the bicarbonate defect in chromc pancreatitis
Some workers who use the secretin test consider that enzyme estimations do not
add mformation which cannot be got by measunng the volume and output of
bicarbonate alone (Dornberger et al 1948) Others have trred to make the test
more sensttive by combiming a vagal sumulant such as mecholyl with secretin
(Comfort and Osterberg 1941)

The secretin pancreoz) min test

Pancreozymin a second hormonal substance separated by Harper and Raper
(1943) from secretin m mucosal extracts of small mtestine 1s a specific enzyme
sttmulant Trials with ymin used m with secretin suggest that
imncreased reliance can be placed on enzyme values secreted in response to this
hormone (see Fig 143)

Combined tests
It 15 now our practice to combine this secretin pancreozymin test with the pro
vocative test 1n which the serum enzymes are measured

Further exammation of duodenal contents

Microscopy and culture
In suspected disease of the gall bladder and bilary tract advantage should be
taken of the material obtained by duodenal intubation to note whether pus cells
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DEFICIENCY OF INTERNAL PANCREATIC SECRETION

of pancreatic msufficrency In prictice thus starch tolerance test 1s not sufficientdy
senstng to guve more snformatton about pancreatie function than s aaitable
from the orat glucose tolerance test alone

DEFICIENCY OF INTERNAL PANCREATIC SECRETION

Dyffuse lesions of the pancreas may lead to impaired function of the islet celis
Acute attacks of pancreatitis are accompansed by glycosuna and hyperghycaenua
mare frequently than 1s generally ¢ The disturbance of insuhn produc
tion 15 samettmes mid and transient and may be overlocked unless a glucose
tolesance test 1 made A permanent dsabetes melhtus may result from a severe
attack of acute pancreautss but remarkable recovery can take place m the weeks
and months which follow resolution of the mflammatorty process Inabetes s more
Itkely to be present wn recurrig attacks of pancreatitss and 6 a feature of the
advanced stage of chrome pancreatitis As cancer of the pancreas progresses enther
from destruction of the gland by permeating tumour ot from associated pancrea
s glucose tok tends to be 1 d When diabetes eusts

P
provocative tests ave fess Bihely to be of value w the diagnesss of pancreatic lesions

OTHER TESTS
Tests of gait bladder function

The relationship of the galt bladder 10 pancreatic disease does not come wathin the
scepe of this chapter

Laver function tests

Luver functron tests afford some help 1n studying pancreatic disease _especally
when the patient 1 jaundiced Repeated estimattons of the amount of bilirubin
Present sn serwn are used to measure the seventy and assess the progress of the
Jaundice A progressive increase 18 serum ihrubin favours a neoplastic cause
for the jaundice Values of serum afkahne phosphatases exceedmg 35 King Arm
strong units per 100 mulhittres of serum m the presence of normal flocculation tests
{thymol tuchidity and zine turbidity tests) pomt to obstructive yaundice Even
4n the presence of jaundice due to cancer mvolving the head of the pancreas this
cutieal fevel may not be teached A low prothrombin index which 1 rapudly
restored to normal by the parenteral amjection of witanun K 15 charactenstic of
obstructnve jaundice If the cause of the obstructsve jaundice 18 cancer wvolving
the bile ducts the amount of urobslinogen excreted m unine and faeces remains
persistently low

In some patients airrhosts of 1he hiver may be found associated with chrome
pancreatitis

Serum electrolytes
In pancreatsc necroms disturbed electrolyte balaace may be a feature of the
disease Changes ocour 1 the electrocardiogram of 2 non specific type with i
verson of T waves and depression of 8 T segments (Gottesman et al 1943y
The Q T interval may be prolanged and 2 U wave may appear—{eatues attributed
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Fat balance and mtrogen balance experiments

Analysis of the faeces for total fat gives earlier mformation n the diagnosts
of pancreatic disease than an analysis for total solids or faecal nitrogen (Dorn
berger et al 1948) These workers gave a 2 463 caloric diet which contained an
average daily ntake of 101 6 grammes of fat 117 6 grammes of proten (18 §
grammes of nitrogen) and 269 6 grammes of carbohydrate In normal persons the
range of average daily loss of faecal mitrogen varied from 08 to 25 grammes
(Wollaeger et al 1947) Fat balance studies with different dictary intakes have
yielded comparable values (Cooke et al 1946 Black et al 1947) When a patient
on a daily intake of 100 grammes of fat excretes more than 10 grammes of fat sn
the stools defictent fat absorption 1s present It has been claimed that if panereatic
defictency 1s responsible for the excesstve loss the pancreatic damage 15 roughly
proportional to the output of fat 1n the stools (Dornberger et al  1948)

We use the method described by van de Kamer et al (1949) of estimating faecal
fat Daily estimations of faecal fat are made and if the results indecate the pres
ence of steatorrhoea the fat balance studies need only continue for a few days
1f however the results are equivocal the studies should continue for a perrod of 10
days to permut statistrcal evaluation of the data When steatorrhoea 1s demon
strated the stools may be further analysed for unspht fat The extent of fat hydro
Iysis 1s not however a reliable mdex of pancreatic function The differentiation of
pancreatic and malabsorplive steatorrhoea can usually be made on other cntena
such as episodes of pain calcification or diabetes excessive loss of nitrogen in the
stools or by more direct methods of proving pancreatic msufficiency such as the
secretin test (Dornberger et al  1949) The fat balance technique can be used to
assess the value of substitution therapy with pancreatin i the individual patient
who has pancreatic steatorrhoea

Other fats

Fat linked with 10dine (in Lipiodol) (Tremoheres 1940 Groen 1948 and Silverman
and Shirkey 1955) or tagged with the 1sotope 111 have been used to study fat digestion
and absorption (Shingleton et al  1955) Nard: (1954) used radioactive phosphate 3P
as a measure of phospholiptd synthesis 1n patients with pancreatic disease None of
these methods has as yet displaced the conventional fat balance studtes i clinical

practice

Protem

In the study of cystic fibrosis of the pancreas i nfants senal blood amino acid
levels following a gelatin or casesn meal have been used (West et al 1946 An
fanger and Heavenrich 1949) but Althausen and Uyeyama (1954) concluded these
were an unreltable index 1n adult practice Chmn et al (1952) found high faccal

d y after p when patients were fed with casem Jabelied
with the 1sotope 11 Shingleton et al (1955) gave a protein meal contaiming serum
albumin tagged with 1 and made sersal estimations of plasma radioactivity

Starch
llowng a test
Althausen and Uyeyama (1954) compared blood glucose levels fol
meal of 100 grammes of soluble starch and 100 grammes of glucose A smaller
increase of blood sugar after starch than after glucose they consider charactenstic
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to lowered potasstum in the serum (Bockus and Raflensperger 1948) which
should not be confused with the changes whtch occur in myocardial infarction A
fall 1 serum calctum occurs from the third to the eleventh days 1n the severer
grades of acute pancreatiis (Edmondson and Fields 1942 Edmondson and Berne
1944) This 1s due to the combmation of calcium with fatty acid released 1n the
upper abdomen by hpolysts Large amounts of calcium are present 1n this region
at autopsy or If recovery takes place calafied areas in the region of the pancreas
may be seen 1n 2 plan film of the upper abdomen A fall 1n serum calcium 1s less
valuable as a diagnostic criterion than as a gauge of the severity of the process and
may be used to assess prognosts (Edmondson et al  1952) It 15 not clear at the
moment why calctum 1s not mobilized from body reserves to compensate for this
fall in blood calcium

Biopsy of the pancreas

During inspection and palpation surgeons are frequently m doubt whether or
not a tumour of the pancreas 1s malignant Biopsy of the pancreas 1s not without
dangers and should be pracused with caution and a recogmtion of the hnuted
value of the method In most instances cancer of the pancreas 1s associated with
some degree of 15 erther inf] 'y or atrophic Relance therefore
can be put only on a positive finding of cancer in bropsies of the pancreas
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retardation of growth due to 303
small bowel in 333
taphy \ of
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Intrensic deformity of the stomach (tee also
Stomach)

achlorhydria 1o
with 188
Hypopituttanism_achlorhydria and associa
tton of 183 188 {89
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Jeghers syndrome (see Peutz Jeghers syn
drome and Polyposis)
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of small ntestine 1 257
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K

Kepler s water test Addison s discase n
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antisepic tn colonic surgery 30
intestinal infections m 25
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Noradrenahine inhtbition of gastric acid
ecretion due to 189
Novobiocin_pharmacology 25
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exfoliative cytology in 84
gastric ulcer and 196 197
gastritis due to
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dermatomyositis 1n 44
mnssi\./ﬁ?trsccuon of small intestine due to

Oesophageal ulce:
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surgzcal treatment 701

Osophagitis
leucoplakia with exfoliative cytology 10 79
malignancy and simulanty of cells in 82
oxyntic cell secretions due to
reflux of gastric contents due to 154
surgical treatment
symptoms 158
Oesophago jejunostomy columnar epithelium
lined Tower oesophagus 1n 161
Oesophagoscopy

columnar Tlined lower

n
sclerodermua 1n 46

Oesophagus
adenocarcinoma of exfoliative cytology in

8
Barrett s ulcer of 155 156
basal<ell carcrnoma of 82
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congenllal short 147 (see also Lower

dermatomyostus affecting 43
exfoliative qmlogy n 80-83
techmiques 80 8
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lupus erythematosus affecting 38
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stenosis due to ulcer of 155 146
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359-361

Oral hygiene momliasis n 13

Ornithine cycle liver function and 377
Osteomalacia steatorrhoea due to 236 237
Ovaries cysts of Peutz Jeghers syndrome 1n

Oxyntic cells
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i 153

secretions from oesophagitis due to {54
Oxytetracychine

amoebic dysentery in 29
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intestinal amoebmsls n 286

pharmacology 24 25
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prognosts 40
protracted course 39
recto anal lesions 38
rheumatowd arthrins in relation to 51
sex incidence 38
sigmoidoscopic appearances 38
spleen enlargement due to 38
spleni. changes 39
steroid therapy 40
value of past history in diagnosts 40
Lymphadenopathy manifestation of collagen

i
Lymphatics upward field of removalin
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Lymphoma 1ntestinal masstve resection

Lymphosagomu gastric exfoliative cvtology
n
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Mataise
polyarteritis nodosa in 41
thrombotic thrombocytopeme purpura n

49
Mallory Werss syndrome 205
Marballxﬁslaw of gastric emptying and 164
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Mouth” momltasis mnvolving 13
Mucosa
buccal Peutz Jeghers syndrome in 126
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changes following short-ciccuiting

operations 198
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changes in
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n
Mastrcation sclerodermia affecting 46
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carcinoid tumour 1n 108
Kultschitzky cells 1n 107

o
lupus erythematosus due to 38
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colits tn 307 308
Melaena gastric due to 213 216
Melanoma malignant exfoliative cytology 1n

Mepacnne hydrochloride
glardiasts 1in 289
taeniasis In 250
Mersalyl 1nduction of anacidity 1n 189
Mesenchyma collagen diseases and 37
Mesenteric vascular occlusion massive
resection of small intestine in 244
Metabolism
enteramme of 101
massive Tesection of small intestine
following 253
ptgment liver function and 373
problems sassc»cn:mcl with carcinordosis
9

9
protem liver function and 375-377

Metaplasia
gastro-intestinal exfoliative cytology 1n
79

smtestinal d s
3SIrIC cancer and
f(uhschuzky cells associated with 107

and
3

130-133
| Muscle
atrophy ltver fadure m 383
heart massive resection of small intestine
affecung 253
pamn and weakness of dermatomvosttis
caustn
sclerodermea affecting 46
skeletal
action potentiat in 3
tone 3

smooth
alimentary tract of 1-11
carcinoidosis 10 ]0:
electrical potenttals and 1ons 2 3
response to stretching 2 3
tone hepatic coma 1n 384-393
weakness and tenderness of dermatomyositis
causing 43
! Mycostatn_treatment of monifiasis 13
Myeloma filter paper electrophoresis in 375
! Myxoedema achlorhydriaand assocration of
3 188

|
|
|

18

N

' antibiotics due to 31
blind loop syndrome 1n 236
intravenous cholecystogriphy 1 367
Jupus erythematosus in 3!
thrombotic thrombocytopenic purpura

| wceranve coliuis 1 303
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radiography in 123
segmental growth 120
self induced vomting 1n 122
stomach of
widespread distribution 126 127

nx
dermatomyostus affecting 43 44
lupus erythematosus affecting 38
mombasis affecting
sclerodermia involving 47
Phenobarbitone value 1n peptic ulcer 195

Polyp—(mnl )

 aehlorhydeia and 87
malignancy and 57
pemwlous anaemia and 57

Po?;

clubhmg of the hand in 127

colonic
carly symptoms 69
familial charactentstics 69
microscopical appearance of

adenomatous tumours in 69 71

microscopical sppegrance of mucosat

Phenylbutazone lheumalold arthriis 51
Phosphorus absorption_masstve resection of
small intesting followmg 252

Phthalyl sulphathsazole neomyein and

eplic m colonic surgery 30
Pigment metabolism liver funcuon 1n 373
Piperazine Citrate_ enterobrasts i 97
Prperazine salts and citrate ascariasts i 291

Prturtary body functional changes massive
resection of small mtestine 1n 256
Patuinn mmbmon of gasinic anid seeretion

Plain radlogmphy biliary tract 1n 357 358
Plasma protein defictency
ulcerall\e colitis i 304
rative replacement 333
Pklhora duodeml ulcer and diagnostic
difficulties {35
Porkilodermta dermalomyosms causing 43
Polyarteritis nodosa
anorextain 4|
constepation in
&éonu:otrophlc therapy 43
13
dmnhoea m 41
gastro-intestinal tract changes due to 41 42
hepatomegaly due to 4|
1ntra abdominal symptoms 41
malarse 1n 4
pain and tenderness associated wuh 41
pancreatic changes due to 41 4.
pathology
prognosis 42
rheumatoid arthniuis i relation to 51
sexncidence 4
sigmoidoscopic appearances 41
steroid therapy 42 43
value of past history 42
vomiting 1n 4|
wenghl Jossim 41
Polym;
bncllracm neomycin combm:mon of
colonic surgery
mtestinal infections m 25
pharmacology 24
Shigella flex eri infection 1n_29
Polymian D concentrations of Entamocba
Hhistolyea inhibiting 28..
Polyp

adenomatous rectal microscopical
appearances 67 68

onset and coulse 69 n
pre-cancerous nature of 68-71
sex incidence
surgical treatment 71
transussion of 69
complexion factors 1n 125
famibal colome 119
gastric 119
gastro-intestmal 119
heredity factors 126
intestinal massive resection in 244
method of spread 119
microscopic 120
mucosal changes iz 125 1 6
rectal 119
skin pigmentation in 123-126
small intestine of
abdomnal pr:ssure mn 122
borborygmus in 122
colic or wind pam n 122
congemral heart disease assoctated with

dcl;\yed matrity in 127
diagnosis 119 121
endoscopy 1a 123
pgeneral management 127-129
haemoglobm estimations in 123
malignant change 1n 120
microscopic appearances 120 121
ovarian abnormality 1n 127
radography m
self induced vommng n 12
sigmoidoscopy 1n 173
spurts of segmemal growth 120
widespread 126 1.
Polyunia siealon'hoca n 22
Pork tape worm tnfection diagnosis and
treatment
Portal hypertension ascites due to massive
resection of small intestine in 259
Post-cholecystectomy syndrome 367
Potassium
absorption masstve resection of small
intestine following 252 253
antimony tartrate schistosomrasis tn 293
chlorde regulation of gastric emptymg

169 172
exchange smooth mu cle of the alimentary
tract s 8-10
serum levels steatorrhoea 1n 270
Prednisone
ahmentary tract diseases in 12
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Pancreas abnormalities of—(cont )
pancreatic secretory capacity m 408—411
atrophy of massive resection of small
intestine m 255
calcification of radlologlcal diagnosis 140
caleuli of radiological diagnests 141
cancer of
bropsy in 414
exfoliative cytology in 87 88
intravenous cholecystography in 364
nvolvement of supertor mesenteric
vessels 142
radiological appearances 142
radxoboglcall] dragnosis 140 141
spread to the oesophagus causin;
dysphagia 144 e i
cysts of radiological diagnosts 140 141
duodenal ulcer penetrating radiological
appearances 135
external secretion of methods of
demonstratron 411413
head carctnoma of barsum meal m 369
mternal secretion defictency of 4;
Kultschutzky cells in 107
Tupus erythematosus aﬂ'ecllng 38
neoplasms of the bod;
Case s pad sign ]
dyspepsia due to 144
radiological diagnosis 143 144
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polyartenitis nodosa affecting 41 42
secreiggy clalpacny of direct estimation of

strmulation of senal determination of
serum enzymes following 406
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con;;ncuve lcswns of the duodenum and

1
radiological diagnosis 141 142
Pancreatitis
mtravenous cholecystography in 365
radiological diagnosis 140 141
Papam mucolytic agent in gastric exfobative
cytology 83

Papilloma rectal pre<cancerous nature of 67
Paraesthesiae_blind loop syndrome in 237
Paratyphoid fever chloramphenicol in 28
Paul Mikulicz operation carctnoma of the
descending colon 1n 351

Pellagra

achlorhydnia associated with 188

blind loop syndrome due to 237

carcinowd tumours and 98

massive resection of small mtestine due to

253
Pelvic evisceration carcinoma of the rectum

n
Pendular movement muscular activity of the
gastro-intestinal tract 1-11
Pentcllin
elossitis due to 31
pharmacology 24
treatment 1n 30
slomalms due to 31
streptomycin and slaphylococcal
dysentery due to
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superinfections complicating the use of 30

yphoid fever 1n 27
Pcpuc ulcer (see also Duodenal ulcer and
astric ulcer)
achlorhydria and assoctattor of 183
acute perforation of 203 2
adrenal hormones 1n causation 13-15
blood groups and 193 194
dretetic treatment 195
hypersecretion of acid and 1!
massive haemonhagc assoc:a(ed with 204
medical as|
medscal treatment 195 196
perforation of phenylbutazone causmg 51
promotion of gastritis 1n 21
surgical treatment 196-206
tobacco smoking and 194 195 196
Peri<holecystitts
gall bladder mtravenous cholecystography

m
stenosts of duodenum due to 369
Peristalsts
blind loop syndrome 1n 236
gastric 164
distension affecting 165
normal rate
site of origin 165
hormonal effect on_16
muscular activity of the gastro mtesttnal
tract
nervous mﬂcx 2
pharmacologlml blocking of 1 2
Perttonitis Iupus erythematosus causing 38
Personality changes
Crohn s disease and 263
massive résection of small intestime due to
250
Peutz Jeghus syndrome
colon of
complexion facrms 125
congemtal heart disease 1n 127
famulial factors 127 128
general management
acute episodes 128
chronic cases 12!
elective procedures 128 129
symptomless patients 127 128
heredity factors 126
historical data 118
mucosal changes in 125 126
ovarian abnorma]lly w127
rectum of 119
retarded dcvclopmenl m 127
scohiosis 1n
skin p:gmemauon m 123 125 126
small mntestine
abdomumnal pressure in the relief of 122
borborygmus in 122
clical picture 121-123
colic or wind painmn 122
diagnosis 12
endoscopy m 123
haemaglobin estimations in 123
microscopical appearances 120 121
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nasal dermatomyositis causing 44

ocesophageal gastritis i 215
Respiration

dermatomyositis affecting 44

scleroderma affecting
Retrculosarcoma  duodenal exfoliative

cytology in 87
12 and

of

183
Reticulum cell strcoma gastric exfoliative
n 85
Rheumatism acute ST
Rheumatoud arthritis 50 51
hormone therapy m_peptic ulcer

supervening 14

Right sided cohis ulcerative colitis and
differentiation 315

Ringer s solution gastric lavage m 84

Rokitansky Aschoff sinuses oral
cholecystography n 360

Rotational deformuty of the stomach

iological examnation of 130-132

Round worm mfection dizgnosis and treat
ment 2

Roux I

Sclerodermia—(conr )
vomiting i 46
wetght loss 1 46
Sclerosis systemic 45-49
Scohosis Peutz Jeghers syndrome in 127
Scurvy massive fesection of small intestine
due to 249 253
Sepsis diarrhoea assocrated with ulcerative
colitis in 303
Septicacmia_hormone therapy due to 20
Serological factors in gastric cancer 54 55
Serositis
manifestation of collagen disease 36
rheumatoid arthritis 1in 50
Serotonin carcinoid tumours due to increased
secretion of 101
Serum
albumin concentration ascites 1t 395
potassium ulcerative colitis i 334
protein concentrations sclcrodyrmia 1n 48
Sux function massive resection of small
intestine tn 256 257
Shigella species sensitvity to antibiotics 26
Short oesophagus 147-149 (see also Lower
oesophagus)

oop sepunal

and oesophageal uler 1 207
5

Salazopyrin ulcerative colstts i 18

Salna buffering and ditution factor in
anactdity

and of
183
Sigmord
carcinoma of
non restorative excision 1n_353
restorative rescctions i 353
Stgmoid flexure ulcerative cohitis myolving
296 297

enteri n 28
Salmonellaspecies sensitnaiy to anbiotics

Sarcord theory  Crohn s disease 1n 263
arcoma ntestinal massive resection 1n 744
Schistosomiasts diagnosts and treatment

Schizophtenia achlorhydria associated with

Sclerodermia
CTH and corusone treatment 13
alimentary tract disturbances due to 46
cnchommnic acid derivatives in 49
chrical course
coruculrophm lherapy 49
diagnosis 4
gznroscopy m 46
glucose tolerance curve m 48
hlslologlc;\l changes 1n the alimentary tract

mlesnnal mvolvement 46
mastication difficulties 46
muscles in 46

oesophageal function 1n 47 4§
onset 46

pathology 48
Tadiological appearances 46 4748

ynaud s discase resembling 46
resp ration in 46

setum protein concentrations 1n 48
sigmosdoscopy in 46

symptomatic sclcrod
Fiomat ermas differentiation

mtestinal amoebiasis in 281
lupus erythematosus in 38
Peutz Jeghers syndrome in 123
polyarteriis nodosa 1n 41
sclerodermia
ulcerative colitis 1n designation of type 295
Simmond s disease cortisone 1n restoration of
astric secretion m
Sjogrtn s syndrome
and cortisone treatment 13
rheum:uold arthrins assocrated with 51
n
collagen discase affecng 36
dermatomyosits affectmg 43
disorders of ulcerative coliis 1n 310 311
generalized rashes monitiasis due to 13
pigmentation Peutz Jeghers syndrome 1n

123 125

Shiding hiatal hernia columnar epithelum
ined oesophagus and differentiation
147 160

Small mtcstine
average length of 243
Crohn's disease radiological diagnosis 144
fonctional disturbances
arum meal in 144
fracuional mterval fccdmg m M5
radiological diagnosts 144 14
haemorthage of obscure nature r:dlologlcal
aids to diagnosis
masstve resection of 243-761
obstruction tn radiotogical diagnosis 145
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Prednisone—(con/ )
bhind loop syndrome 1n 241
Pregnancy
massive resection of small intestine and
256 257 259
provocative factor in ulcerative colitis 301
Procto sigmorditis ulcerative colitis and
differentiation
Progressive systemic sclerosis (sce
Sclerodurmia)
Prophylaxis value of antibiotees 29 30
Profein absorption masstve resection of
small intestine following 251 252
Prolemj;nembo]lsm hver function and

Protozoal 1ntestinal tnfections (see specific
conditions)

Prunitus anr anubiotics due to 31
Pseudopolyposts

uleertive colitis i 303 304 305

macroscopic app arances 317 318

Psychosis

achlorhydria associated with 188

massive resectton of smilt ntesttne due to

250
Puberty cocliac disease retarding 224
Purpura
Henochs 50
thrombotic thrombocytopeme 49 50
Pyaemuia hormone therapy due to 20
Pyloric antrum
atypical contractions m 140
atypical deformities of 136-138
cancer and 136
diagnostic difficulties 136
gastric ulcer and 136
gastroscopy in 38
Hampton s manceuvre tn 137
Juxta pylonic duodenal ulcer and 136
laparotomy 1n
pancreatic cysts and 136
radiological appearances 137
locahized constrictions in 140
radiological localization of ulcer in_140
thickening of scar tissue causing 138
Pylorus
obstruction 1in
eytology and 78
exfoliative cytology m 84
regulation of the gastro-duodenal pump 1n
167

Pyoderma gangrenasum ulcerttive colitis 1n

Pyrexia Crohns discase in 206

Q
Quinacrine
gardiasis 10 289
tacniasis in 290
R

Racial factors Crohn s disease in 263
Radioactive 1sotopes
achlorhydnia induced by 190

|
|

|
!

Radtoactrve 1sotopes—(cont )
liver function in 380 381

Radrology
biliary tract i 357-371
columnar epithelizm lined Jover

oesophagus in 158 159

Crohn s disease 1n 268 269
disorders of the small intestine in 144 145
duodenal ulcers 1n 133-135
extrinsic deformty of the stomach 1n 137
follow up 1n gastrc ulcer 19
gastac emptymg n L
gastric ulcers m 132 133
gastretis an 208 209 214 215
intestinal amoebiasis_1n 281
ntrinsic deformuty of the stomach in 132
pancreatic diseases in 140-144 365
Peutz Jeghers syndrome in 123
plain bilary tract 1n 357 358
rotational deformuty of the stemach tn

sclerodernma 1n 46 47-48

small gastric neoplasms 1n_138-140

ulcerative colitis i 18

designation of type 295

Radiotherapy

Crohn's disease in 273

Rat bitten cells oesophageal cancer 1n 82
Raynaud s disease simularuty to sclerodermia

46

Rectosigmaid
carcinoma of 340 353
mahignant adcnoma of 350
Recto vaginal fistula vicerative colttts in 332
Rectum
adenoma of pre cancerous nature of 67
adenomatous polyp of rmcroscopical
appearances 67 68
bropsy specimens ulcerative colitis 376
blood supply to 353-.
carcinotd tumour n 1
age meidence 114
histological appearance 114 116
metastasis of 114
carcinoma of 341-353
changes in_masstve resection of small
intestine effecting 24°
excision of impotence due to 339
Kaultschitzky cells i 107
malignant adenoma of 350
papillary adenoma of microscoprcal
appearance 68
papilloma of pre cancerous nature of 67
polyposis of
carly symptoms 69
fambal charactenistics 69
onset and course 69
pre cancerous nture of 68-71
sex ncidence
surgrcal treatment_ 71
transmission T
pre malignant states of 66-75
pyogenic comphications of hormone
therapy inducing 20
ulecrative colttis involving 296 298
age meidence 300
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intrinsic deformity of hour gl.\ss type 132
radiotogical exammation
Kultschitzky cells in 107
localized constnctions i 140
ol

Stricture colomic ulcerative colitts 1n 305
306

Strongylodiasis diagnosis and treatment 292
Subacute combined degeneration of the cord
blind loop syndrome 1n 2
in

cytology m

85
mahignant disease of

Sulphaguanidine ulcerative colius 1n

asso
crated with 187 188
mucosat defects m utcns:on of pancreatic
cancer due
normal acid stcr:lory m:chmmsms 181-183
partetal plaque 1n
an s meniscus sign 138
malignant ulceration and differential
charactenstics 138
radiological dl;\gncrsls 138 140
peristaltic rate 1n 166
polyposis of 119
progressive structural change 1n
achlorhydria associated with 184
propulsive mechanism of

duod:nalulccraﬂ'cclmg 167 168 174175

gastro-duodenal pump

modnﬁmuon o{ osmotic pmssure 171-173

normal rate

regulation of 168 163

solutes 1n test meals influencing 171-173

volume of test meal influencing 169 171
reservorr function of

composition of chyme and 164

imtestinal protection 1n 163

law of Marbaix 168

smoothed zbsurpuon m
rellculum«ll sarcoma of exfohallve

cytol 5
rotatiomal aeformity of radiclogical
exammation 130-132
volvulus resulung from 130
shape of functional sigruficance 165
small neoplasms of radiological diagrosis

stimulation of extragastric receptors 168

tension of the wall funcuonal signsficance

thickening of the mucosa and submucosa
of 138

ul er of (see Gastric ulcer)

volvulus of the long axis radiotogical
appearance

x tay therapy i eytological changes due
to

Stomal ulcer surgical treatment .01
Stomatitis

dermatomyositis due to 44

peniciliin administration due to 31
Stovarsol intestinal amoebiasis an 285
Streptom:

infantile gastro-enteriis m 29

pen cilin and_staphylococeal  dysentery

due to 32

pharmacoloy 4

salmonelia enteritis 1 28

Sh gella flexne | infection 1n 28

typhlitis” 1n 279

perucliin and typhoid Trer
m 27
Sulphonamide
collagen diseases associated with 38
diagnosts of

4.
neomyem and antiseptic m colonic surgery
30

ulcerative colitis 1n
Synnematin B typhoid et in 7

TAB chloramphenicol and typhoid fevee
Tachymrdla carcinord tumours due to 93

Tadpolc cells ocsophageal cancer n 82
Taenia solumm nfection diagnosis an
treatment 290
Taemasis diagnosts and treatment 290
Telepaque oral cholecystography 1 359
Terramycin
enterobasis in 297
ntestinal amoebiasis 1n 286
pharmacology 25
Test meal
anacidity 1n_178
gastnius i 214
osmonc pressure of gastric emptying
171-173
pattern of gastric emptyng n 167 168
volume of gastric emptying 1 169-] l7l
Testosterone admintstration of massive
ion of small intestne l‘ollowmg

258
Tetany
massa; resection of small intestine due to

steatorrhoea due to 36 237
Teteachlorethylene ancylostomiasis in 291
Tetracychne

intestinal amoebtasis tn 286

pharmacology 24 25

stability tn intestinal contents 25

staphylococcal dysentery dueto 32
Tetracyn pharmacelogy 24 25
Thiocarbarsone intestinal amoebiasis i

5
Thoracotomy columnar epithelum lined
ower oesophagus i 159 160
Thrombosis mesenteric

massive resection of small intestine 1n

thrombotic thrombocytopeme purpura i

Thrombophlebitis ulcerative colis s 310
Thrombotic thrombocytoperuc purpura 49 50
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Smoo\};eg‘ absorption gastric emptying In

Social status Crohn s disease and 263
Socw-eeczonomxc factors 1n gastnc cancer 61

Sodwum
absorption of massive resecuon ol‘ small
ntestine following 252 2
antimony tartrate sc}us(osommsxs m 293
excretion of diarrhoea 1n 250
Spine vertebrat collapse due ta extension of
pancreatic neoplasm 143
Spleen peni artenal fibrosis of lupus
ery(hemalosus and 39

purpurt 1n 49
Sprue
hormone lhempy m 16

Stomach
acid secretion 1n
collection of 180 181
stimulation of 130
adengg;amnom: of exfoliative cytology in

a:ypn]c:(l) contractions of the pyloric antrum

cancer of
ABO blood group and 54 5§
achlorhydria and 53 §
association of site and blood group 54
atrophic gastritis and 1
atrophy of mucous membrane and 57
brewery employment and
chronic gastric ulcer and 57-59
comparative incidence associated with

blood groups A and O 55

non tropica
m:(abohsm m 220
tropical dietetic treatment 225-227
Steatorrhoea
adult idiopathic
blind loop syndrome and differentral
diagnosis 238 239
gluten free diet sn 225
hustory of coehac disease in 225
mechanism of the gluten reaction 1n
227-229

redcell changes wn 226
barium meal 1n 144 14
blmdnlgop syndrome m 232 234 235

delayed durests in 221 222

depression of the adrenal cortex 1n 16

detection of fat dietsin 218 219

hormone therapy 1n 16

nitrogen excretion tn 219

nocturnal polyuna m 221

osteomatacia due to 236 237

pancreatic functional disorders of the small
bowel associated wit

reglonal ilertis and fecal excretion of
water m 222

sclerodermia in_46

tetany due to_236 237

treatment 222

urinary excrenon of water in 221

ac 53
dct;t;rsmuy of the pyloric antrum due to

dietetic factors 54 55 56 62-63
external environmental factors 59-64
familial incidence
food preparation and 63
gastric polyps predisposing to 57
gastritis predisposing to 56
geographical meidence 59 61
types of soil and 61

geographical mortality rates 56
glandular mucoprotein and 56
heredity and S3 54
ntestinal metaplasia and 56
mortality rates age groups and 59
occupational hazards 62
racial factors 53 54
racial incidence 60
sex incidence 55 56
socto-economc factors 61 62
tobacco habits and 63
urban rural incidence 61

carcinoid tumour tn I
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194
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and pressure gradients between
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causing 31
Staphylococer antthiotic resistant methods
of spread 32

Stenosis
avoidance i ikeostomy 3.
duodenal pen—cholecyslms due lo 369
oesophageal ulcer due to 155
post butbar duodenal ulcer 1n 1ss
Steroids
acute toxic difatation of the colon n 308
dermatomyositis 1n
Iver function and 379 380
lupus erythematosus 1n 40
polyartenus nodosa wn 42 43
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Stevens Johnson syndrome_lupus
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Telmchlorethy]ene ancylostomiasis i 91
Tetracyc!
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Trematode infections (see specific species)
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rypsin
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