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FOREWORD

Tuis volume mncludes a series of lectures delivered n the Royal
Infirmary Edinburgh under the ausg of the Hony Gallesp
Trust and the Edinburgh Post Graduate Board for Medicine A
generous grant 1n support of post graduate medical education was
ongmally made by the Trustees of the late Mrs Honyman Gillespie
some time before the last War In 1937 the Commuttee responsible
for post graduate medical education mn Edinburgh with this object
1n view established a series of post graduate lectures which have
been continued each year during the teaching terms A represent
ative commuttee with the Chairman of the Post Graduate Executive
Commuttee now the Edinburgh Post Graduate Board for Medicine
as Convener arranges the annual programme and selects the
lecturers from amongst those who can speak with authonty and
from experience on their particular subjects The lectures are open
to all medical men and senior students but are specially intended to
be helpful to the large number of graduates attending the courses
on internal medicine and on surgery duning the teaching terms

The Honyman Gillespie lectures have been published 1n the
Edwburgh Medical Journal and later have been collected together
1 volumes of which this 15 the seventh to appear Over 220 lectures
on a great varety of medical and surgical subjects have now been
delivered and published The Commuttee hope that this volume the
last of the present series will be welcomed as a contribution to medical
knowledge and as a record of the experience and teaching of members
of the Edinburgh Medical School

J M GRAHAM
Charrman of Commutter

The Committee which nominates 2nd invites the lecturers consists of the
Professor of the Practice of Medicine bystematic Surgery and Obstetrics i the
Unwversity  the Presidents of the Royal College of Physicians and of the Royal
College of Surgeons the Serior non professonal Physician and Surgeon on the
Staff of the Royal Infirmary  the Editor of the Edindurgh Medrcal Journal the
Durector of Post Graduate Studies and the Chairman of the Edinburgh Post
Graduate Board for Medicine as Convener






SOME ASPECTS OF MITRAL DISEASE IN RELATION
TO SURGICAL TREATMEMN1

By D M DOUGLAS MBE MB ChVM MS FRCSEd and Eng
Professor of Surgery Unnersity of St Andrews
and
IAN G W HILL CBE TD MB FRCPEd MRCPLond FRSE
Professor of Medicine Unnversity of St Andrews

PART 1
MEDICAL ASPECTS

A YEAR or two ago after addressing a medical society i a Scottish
aty I was somewhat taken abach to be asked why 1t was that medical
diagnosis became so much more accurate whenever the surgeons took
a hand 1n treatment of a disease > It 1s certainly true in respect of the
d of 1 cardiac Les the toptc on which I had
been speaking that mght and it applies no less to the case of mutral
stenosis The skill and daring of our surgical colleagues now afford
a prospect of dramatic reltef for many victims of this hitherto grim
and nexorable disease and 1t has become imperative for the physician
to attan 1 precision 1n diagnosis and assessment which previously had
seemed unnecessary Further studies of the lesser circulation in those
afflicted with mutral disease have opened up a vast unexplored territory
—from which the first explorers bulletins have at once served to
explain many hitherto little understood phenomena in the natural
history of cardiac disease and have at the same time revealed our
fundamental rgnorance of the physiology of the pulmonary circulation
alike m health and disease All over Europe and America work 1s
being feverishly prosecuted along the new lines  at the First European
Congress of Cardiology in London 1n 1952 no less than 30 papers
from ten European countries were devoted to the problems of mutral
disease particularly n relation to surgery Well documented careful
work. on large series of surgically treated cases has appeared mn this
country from various centres—from the group at Guy s Hospital who
were ptoneers 1n Britain 1n this field (Baker ef a/ 1952) from Logan
and Turner (1952 1953) in Edinburgh and recently from the Middlesex
Hospital team (Sellors e al  1953)

Read ~6th November 1953
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It may seem presumptuous for us to mght to present our relatively
modest series of cases particularly smce our experience parallels
closely that of others  On the other hand there may be some advantage
n presenting an admuttedly Iimited personal experience to an audience
with wide mterest such as this  The day 1s past when consideration
of mutral valvotomy was a matter purely for cardwologists, 1t 1s now,
as T hope to show a matter for urgent consideration by all physicians
having charge of mutral pattents The general physictan can and
must learn to assess for himself the suitability of individual patients
for operation without recourse to the complicated procedures of a
cardiac climc

THE MAGNITUDE OF THE PROBLEM —There 1s still widespread lach
of appreciation of the magnitude of the rheumatic cardias problem n
this country though the ravages of artrcular rheumatism are fully
recognised It s fitting that I should here acknowledge the contribution
of W T Riutchie one time Professor of Medicine 1n this school a
teacher and physician to whom I personally owe much, who 1n 1936
published his ‘ crusade agamst rheumatism’ (Rutchie, 19,6) drawing
attention to the prevalence and ravages of this scourge  More recently
Parhinson (1945) 1n a Harveian oration has gnen a vivid account of
the mnadence of rheumatic heart disease Basing his calculation on
the facts that of 61 mullion men between 18 and 41 years of age called
up for service during the 1939-45 war, about one million were found
medically unfit while 1n a representative sample of 30,000 rejections
0 per cent were due to cardiac disease Parkinson reckons that there
must be about 100000 cases of rheumatic heart disease among men
n this age group i England and Wales Taking account of the
madence i women 1n Scotland and i the large population of men
not medically examined we have an estimate of 300 000 victims n
this adult age group in Britain  Further he adduces evidence that the
annual death rate from rheurnatic heart disease in England and Wales
alone 1s of the order of 16000 If we assume that only half of these
doomed patients are suffering from mtral stenosss and that agamn

only half of these are sustable for surgical treatment we stll have
an estimated 4000 cases a year who are candidates for operation
These figures tally with those of Wood (1952) Translated into terms
of man power, this represents two operations per weeh throughout
the year for each of nearly forty surgeons  If operation 1s to be restricted
to those who can be investigated in detatl in specialised cardiac
departments then the benefits of operation arc to be dented to thousands
of hapless victims each year On the other hand if operation 15 to
be advised in indwidual cases by general physicians 1t 15 imperative
that the cnteria of surtability should be carefully studied, otherwise
grave harm may result

Such are the apologra which one advances sn mitigation of one s

tementy 10 addressing you on this subject to mght
NATURAL HISTORY OF MITRAL STENOSIS —In the fields of zoolagy
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and botany the emphasis in the present century has swung rather
away from taxonomy and classification to ecological studies  So too
in medicine we see a parallel onentation of interest 1 the natural
history of disease pioneered by Ryle and his colleagues, and exemplified
most recently by the work of Morris et a/ (1953) on coronary disease
(See also Mornts 1952) If we consider for a moment the usual march
of events in the subject of mutral stenosis we may recall the variable
latent pertod which may intervene between the occurrence of acute
rheumatic mfectson and that of cardiac symptoms, the usual gradual
progression of exertional dyspncea  the eventual onset of aurtcular
fibrillation and falure  the bouts of congestive failure responding at
first to rest and medication, recurring at progressively shorter mtervals
and with slower response to treatment tll finally mntractable failure
leads to death It 1s I think not without sigmficance that Cushny,
the world authority of his day on Digitahs and 1ts Aflies (Cushny,
1926) should have chosen to emblazon on the walls of his lecture
theatre 1n bold Gothic blackletter of heroic size the legend “Contra
Vim ottis Tion Est Medicamen fn Dortts  The therapeutic
helplessness of the physician in face of the termunal stages of mtral
disease 1s strong argument for seeking surgrcal rehef before this
extremnity 15 reached

The downhill path of the average patient 15 however beset by
pitfalls and precipices—pitfalls such as cardiac farlure provohed by
infection, auricular fibrillation or pregnancy from which rescue 1s
possible by skilled therapy and precipices over which a slip spells
permanent disablement or death as cerebral embolism or pulmonary
cedema  And always poised overhead 1s the threat of subacute bacterial
endocarditis which like the avalanihe in the high Alps dislodged by
a careless shout may overwhelm the victim on the shght provocation
of a careless tooth extraction

Some patients live to advanced years with little progressive dis
ability (Cookson 1949) and run embolic and other hazards with
mmpunity  Others a very considerable proportton die of recurrent
carditis within a decade of the first rt infection m childhood
(Findlay, 1931) The majority run the course outlined above and
Wood (1952) has shown that from the first major handicap to total
incapacity usually seven years elapse

One major hazard of the disease has attracted attention m this
country only during the last decade—acute pulmonary eedema The
French cardiol have recognised 1t as the ced us form for
many years and looking back one recollects instances many years
ago 1n one s own experience not fully appreciated at the tme  Alarm
ing attacks of paroxysmal dyspneea going on 1t may be to frank
pulmonary cedema and very comparable chinically to the famihiar
cardiac asthma of left ventnicular failure have been recently and
widely recognised as not uncommon m mitral stenosts and of life
threatening danger particularly in pregnancy, (Bramwell 19,3
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Jones 1932) It 15 a threat particularly to the patient with = ught
stenosis o <mall heart and regular rhythm rather than 1o the older
patient wath gross enlargement auncular fibniltion wnd generalised
senous congestion  In fact 1 saw it produced twenty vears 2go
Vienna by an 1l adsised restoration of normal rhythm with quimdine
i a young woman, who fortunately relrpsed 1nto quncular fibritlation
tosmg her alarming dyspnora and cough with the development of
hepatic enlargement and dependent sedema Such attacks remamed
mystersous till very recently when the unexpected findings of cardiac
crtheterisation revealed the mechanysm

1%
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AGES
§3 OPERATED CASES

FI1G 1 ~Age distnbution of §3 operated cases of mtral stenosis Nearly 50 per cont were
betwern 36 ard 45 years old

INDICATIONS FOR OPERATION —~(peramie treatment should, [
beheve be considered in practically every pauent with mutral stenosis
In many a decision against operation 1s readdly reached  For example,
operatien 1s uncalied for i ndnaduals with shght or ne disabifity
resulting from their lesion  Again it 15 impracticable in these mn the
termunal stages of thetr career with gross cardiac enlargement in
tractable falure and ebvious and significant associated valvular
dicease  But in the wide range between those extremes operation as
2 po sibihty must be considered and assessed mdunidually It s an
the grossly handicapped indnidual the man who cannot follow his
employment the housewife unable to care for her famuly the woman
of child bearing agie with a history of previous stormy pregnancies
and above all i the indnadual who 1s in general hittle handicapped
but has expenenced one ar more temsfying attachs of paroxssmal
dyspnora—in such patients operation if feasible offers 3 prospect of
rehief which no medical treatment can rmal

The mndmdual must howeser not only be marhedly or growdy
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handicapped but must have features suggesting a domnant stenosis
of the mitral valve a heart of reasonable size failure if present must
have been controlled, and preferably they should be beyond the age
at which rheumatic relapse 1s likely (though biopsy studies and the
Lnown relapses which occur in even middle aged patients after operation
cast doubt on this proviso)

MATERIAL —Our small series consists of 68 patients of whom
53 have been subjected to operation and are included 1n my colleague’s
sertes about to be reported The chart (Fig 1) shows the age
distribution of the cases sent for operation 1t will be noted that all
but 4 lay in the range 21 50 and nearly half (25 out of 53) m
the decade 36 43

Most of the indnaduals were severely or grossly handicapped (36
mn cardiac grades IIb or III) of the remamnder though physical
disability was only moderate when assessed most had a history of
faillure or of pulmonary cedema or of systemic embolism which
appeared to us to justify the nisk inherent in cardiac surgery The
frequency of certain such episodes m our sertes 1s tabulated below —

Nocturnal dyspneea 28 = 50 per cent
Pulmonary cedema 7 =13
Hazmoptys1 3t =60
Systemic embohism 14 = 25
Past faslure 14 = 25

of which § i pregnancy (10 per cent )

CARDIAC CATHETERISATION —Cathetertsation of the right heart
and pulmonary artery has been carried out on the majority of the
patients m this series  the manceuvre fatled 1n a few instances and
was not attempted n cases 1n which the risk appeared greater than
normal or when indications of grossly raised right heart pressure were
clear Apart from transient ventricular extrasystolic arrhythrmas in
some patients the procedure was uneventful mn all Mild local phlebo
thrombosis developed 1n a few indniduals lasting a few days but
other sequele were not observed The development 1t may have
been fortwitously of pulmonary infarcts 1n two individuals some days
after catheterisation led us to abandon the recording of wedge
pressures  as a routme parttcularly since the information yielded by
the traces was disappomting In one patient the delay 1n operation
of a few days occasioned by the catheterssation and by pressure of general
work 1 the surgical ward was responsible for the development of a
fatal attack of pulmonary cedema  Such deaths m patients threatened
by pulmonary cedema awaiting operation have been reported from
other clinics and we do not now delay 2 moment longer than 1s necessary
to get the patient into 2s fit a state as possible for operation

The pressures in our clinic are recorded photographically on a
4 channel Elmquist electrocardiograph  simultancously with any
deswed ECG lead The pressure recordng system 1s the Minirack
electromc device calibrated repeatedly throughout the procedure
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Fic 2 —Right ventnicular pressure curves and ECG (tead 1I) 1n a boy of 18 vear with
advanced mitral stenosis and auncular fibnilation

Fio 3—Riptt ventneulas pressure curves and ECG 1 at 1D in 3 patients watt mitea)
stenonis  Note the rehityrely low pressure in case no 10 who at aperation had a gty

matral stenost
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:

against a mercury * E of the gs (Figs 2, 3)
obtained will suffice to illustrate the astorushing pressure which the

P

I

)

No 23 Mrs B

Fic 4-—Pulmonasy astery pressure curve from a patient with advanced mtral stenosis

‘Her systemc systohe blood pressure was 133 mm Hg  that in her pulmonary artery

over 140 mm Hg
night ventricle may develop in cases of mutral stenosis  In some the
pulmonary artery pressure at rest 1s actually higher than the systolic
systemic pressure (Fig 4) In others
telatively low pressures may be found b
within or just above the normal range
When we chart the nght ventrrcular
pressures against the cardiac grade of
ncapacity (Fig ) one sees that very high
pressures were found only 1n dual,
with marked or gross disability but a [
significant proportion of such gravely 20X
handicapped people had p lly normal  Jwes
Testing pressures  So also when the
pressures are charted agamst the occur
rences of nocturnal dyspneea or hzmop - -
tysis a large sumber were found to be
normal or Iittle raised

The height of the pulmonary arterial
pressure mn mitral stenosis varies through
2 wide range In response to exertion and
emotion A smple pedalling evercise CaRD A 6 AL
agamst shght manual resistance may Fio 5~Rightventn ularsystohc

z » =

produce a rise from 50 100 mm Hg ::f:f,‘;i 'a"cc,;fdd;,";d::] df;f::
which persists 1t may be for many of incapaaty (cardsac grade)

munutes (Fig 6) Similarly emotional stress may be reflected in a
ramatic rise n the pulmonary arterial pressure as in the young
* The ECG 1 momtored throughout on a spht beam cathode ray oscilloscope

on which pres ure tracings can be simultzneously wisualised by using the other
channel
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man whose pulmonary artertal blood pressurc rose from 40 to 100 mm
Hg when one of my colleagues was explaiming to him about the
exercise we proposed (Fig 7)  Itis sigmficant that this pattent presented
with paroxysms of dyspncea and hamoptysis with radiological features
of acute pulmonary congestion fading 1n a few days with treatment

If the pressure 1s measured in a catheter wedged into a fine pul-
monary arterial twig, the so called pulmonary capillary pressure it
1s always considerably lower than that in the pulmonary artery There

——
Jprana

E o= —
Leinaler woergisy

o 19— ==

23 mat atieeyy

Fic 6 —ECG (lead II) and pulmonary artery pressure at rest and after shght exercise in
a patient wath mutral stenosis

1s a gradient therefore across the arteriolar barrier and 1t 1s apparent
that the pulmonary hypertension tn mutral stenoss 1s only n part a
reflection of obstruction at the mutral valve and mn larger measure
an active hypertension from over activity of the right ventricle and
pulmonary artersolar constriction The pathological and radiological
features of this arteriolar barrier are described respectively by Henry
(1952) and by Goodwin er @/ (1952) Since the sole factor preventing
the transudation of fluid from pulmonary capillaries to alveoh 1s the
plasma protein osmotic pressure of about 35 mm Hg 1t 1s apparent
that indnviduals with grossly elevated pulmonary capillary pressures
live in a highly dangerous condition  The pulmonary arterial pressure
may vary widely with httle immediate danger but let the pulmonary
capillary pressure rise by a few mm and pulmonary cedema ensues
at once (Fig 8) In this lies the mechanism of the dangerous attacks
referred to above

In view of the instability of the right ventricle and pulmonan
artery pressures and the fact that normal or shghtly raised values
only may be recorded mn gravely handicapped subjects I do not
believe that such random pressure readings are of any value in decrding
for or agaimnst operation
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1 o MAIN PA

= =
W b - Z Exelind
g faiting - -
——————— —

¥16 , —Dramatc nse 1n pulmonary arteral pressure with emotion 1 2 young man with
mitral stenosis and incompetence  Climcally he presented with repeated attacks of
severe dyspneea and hemoptysis showmng raduological features 1n the attacks of acute
pulmonary congestion

Pulmonary Vascular Pressures

0 —

B

10 ——s
—_

20 —ams o
[

° = Narmal

°

MAIN BR t PCP
PA |
Arteriolar
Resistance
Data from McMICHAEL 1952 BM] u 525

F16 8-~-Mean pulmonary artenal pressure and pulmonary capllary pressure  showing
artenal capillary gradient in normal indiduals and m patients with matral stenosis
In mutral stenosis {4) the pulmonary artenal 1s moderately rassed sn mutral stenosts (3)

grossly ssed  The heavy absassa at 35 mm Hg pressure indicates the cntical level—
that of the plasma osmotic pressure

o
F16 o —Mid systolic nse of pressu e 1 left atrium recorded by needle puncture at operation
w a cose of mutral stenesis and incompetence
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In some clinics the form of the pulse wave 1n pulmonary capillary
pressure tracings has been thought to afford guidance as to the presence
of fi mutral incomp (Wade e a/ 1932, Wood 1952),
but 1its value 1s by no means generally accepted A rise of left atrial
pressure 1n mud systole occurs with mutral regurgitation (Fig ¢) and
15 held by some to be transmutted back through pulmonary veins and
capillaries to a  wedged catheter’ In our hands such wedged
catheter tracings have not proved of value Wiggers (1953) 1 a
recent review summarises the physical and phystologreal arguments
and evidence

From readings of pulmonary artenal pressure pulmonary capiltary
pressure and measurement of cardiac output bv the Fick principle
attempts have been made to calculate the relative roles of mutral
obstruction and pulmonary arteriolar resistance 1n mmtral stenosis
cases, and even by ingemous hydrodynamic formule to calculate the
cross sectional area of the mutral onifice (Gorlin and Gorhn 1951)
Wiggers (loc cit ) arguments 1n respect of the fallactes of such calcula
tions appear unanswerable

The crucial assessment to be made in cases deemed otherwise
suitable for operation 1s the presence and degree of mitral regurgitation
complicating the stenosts  Though attempts of great ingenutty and
technical brilliance have been made (Logan and Turner 1952) to repair
ncompetent mitral valves there 1s no doubt that gross reflus 1s
generally intractable by conventional surgery and 1ts presence mufitates
aganst a successful operative result

How can we assess then the presence and degree of mutral incom
petence ? OQur feeling in common with others (Venner and Holling
1953 Wade er a/ 1952 Biorck ef a/ 1952) 1s that chnical signs
are probably the most rehiable guide—not note the traditional systolic
murmur only but the position and nature of the apex impulse the
quality of the mutral first sound and the nature quality ntensity and
duration of any systolic murmur

The diffuse short lived tapping impulse of right ventricular hyper
trophy as opposed to the localised slow heave of the displaced apex
of left ventnicular hypertrophy the loud short slapping quality of
the mutral first sound clear cut decisive if a systolic murmur 1s
present 1ts fantness high pitch and short duration as opposed to the
loud rough long blow of mitral mcompetence—all these are chinical
points of importance Much has been written of the openng snap
a high pitched additional sound heard best medial to the apex early
in diastole 1t has been said to be diagnostic of stenosis and absent

1n incompetence Its timng has been precisely defined (Mounsey
1953) with phonocardiographic 21d  but one doubts whether the
chnician can possibly time to a nicety events whose range of incidence
overlaps and whose average dfference 1n tuning 1s no more than
12{100 second  In any case one personally doubts the reliability of the
sign—an example (Fig 10) 15 figured of a high pitched extra sound
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occurring o 15 second after the second sound mn a case of proven
marked mutral incompetence

Radiology 1s an indispensable part of the pre operative investigation
and has much to teach us The clinical impression of heart size can
be checked the respective degrees of nght and left ventricular hyper-
trophy assessed the size of the left atrum determined and pulmonary
congestion lised Valvular calcifi 1s seen 1N many patients
though 1n this series only 1 about half of those 1 whom 1t was en~
countered at operation—9 and 6 respectively

So-talled  MITRAL OPENING SNAP

At operation Mitral Incompetence {in onifce

FI6 10—Smultancous ECGs (le ds IT and 117) and apical phonocard ogram i @ patient
with mutral disease A loud ugh pitched extra sound o 15 second after the second
heart sound 15 visible 12 all traces and very obvious in the high frequency record At
operabon mitral incompetence with a gaping 1 inch onfice was found

The sigruficance of systolic expansion of the left atruum has been
debated at length In our experience as with Venner and Holling
(1952) this sign has not proved of value Systolic e<pansion of the
left atrium may occur i the absence of mutral incompetence and 1s.
often absent when mutral incompetence 1s subsequently proved at
operation In one instance we were so impressed by the mmmobile
left atnum at operation in a patient with a gross regurgitant jet that
we called for our colleague the radiologist to see matters for himself
If pulsation cannot be seen 1n the exposed atrrum 1n the glare of full

theatre lighting how can 1t be relied on 1n the shadows of 2 fluorscopic
twalight ?
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In summary radiology 1s of great value but scldom affords reliable
drrect pundance of mutral incompetence

So toa the ECG may yield permanent records of rhythm or of
atrial hypertrophy and may give evidence of left ventricular hyper
trophy By contrast with the night ventricular hypertrophy of con
gental heart disease however the ECG s relatively unhelpful m
diagnosts of right ventrscular hypertrophy n mutral stenosis (Fraser
and Turner, 1953) The nght 1us shuft in standard leads s often due
to rotation of a vertical heart and may be unaccompanied by signs
of right ventricular hy pertrophy 1n the precordial leads

OPERATIVE FINDINGS

cun et "
Shenass | s vt wx om foms u | unous | o st

L
M pURE

e

s Mt l

ME uS l

CORRELATION OF CLINICAL DIAGNOSIS AND OPERATIVE FINDINGS

F16 11 —Correlation of clinrcal diagnosis and operative findings  The chnical diagnosis
as shown 1n the left hand column was confirmed or refuted by the findings at operation
8s shown by the dots 1n the five remaining columns  Agreement of clinical and surgical
diagnos:s 1s reptesented by the heavy rectangles

We are driven back therefore to chnical assessment as our surest
guide to the presence and degree of miutral incompetence  Fortunately
from the nature of things we are able 1 a matter of days to check
our chnical diagnoses agamst objective proof—the surgeon s forefinger
1n the atrium 1s a fairly sensitive guide to the presence of a regurgitant
strearm  Fig 11 shows how our clhinical assessment stood up to surgical
enploration It will be seen that in 61 per cent of our cases clincal
and surgical findings tallied and 1n 25 per cent more they were mn
reasonable agreement  but m 14 per cent the chnical diagnosis was
more or less seriously wrong  Such chinical errors have been reported
mn other sertes (Baker ez ¢/ 1952 Venner and Holling 1953, etc)

In detail there were 5 cases in whom a systolic murmur was
thought to be evidence of a munor regurgitation which at operation
were found to have been pure mitral stenosts For the rest all errors
were on the side of underestimating the degree of mutral tncompetence
—at least as judged by palpation

One notes however that all but one of the operated patients had
severe or significant stenosis and that m very few has the post operative
follow up fatled to show sigmificant smprovement from the relief of
stenosss  Such results are against gross mutral incompetence

Again analysis of the operatne findings (Table T) shows that
moderate or marked mutral incompetence was recorded mn 6 patients
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with ught stenosis and 7 with farrly marhed stenosis In the former
at least one doubts if the palpable regurgitant jet was of serious hemo
dynamic importance

The anatomy of the mutral valve 1s now recewving detarled attention
(Brock 1952) and 1t would appear that regurgitation with tight or
marhed stenosis depends on three mam factors the state of the

TABLE 1
Degree of Stenosss and Incompetence
50 Operated Cases

TiGHT M S  1xo05cm orless 19
Degree of Mitral Incompetence
None 28
Shght 5
Moderate 4
Marked 2
\MODERATE M§ >1Xoj§ <zXtcm 9
Degree of Mitral Incompetence
None -
Moderate 3
Marked 3

anterior cusp the ngidity of the ortfice and the axus of the onfice
whether central or directed posteriorly A patent ortfice directed
toward the inflow tract of the night ventricle 1s less likely to allow
significant regurgitation than a symilar or smaller hole facing the mam
ventricular outflow stream (Harken e2 @/ 1952) Table II shows our
tesults reviewed 1n the hght of those anatormeal considerations

TABLE 11
Tight Matral Stemosis <1¥03 cm
MODERATE MITRAL INCOMPETENCE 4
Antenior cusp short in 3
Buttonhole 1n 1
VIARKED MITRAL INCOMPETENCE 2

Central onfice 1n
Gaping onfice n

Drviston of the commissures may allow of tmproved closure even
with relatively heavy sclerotic valve curtains but a shortened immobile
anterior cusp remains a most depressing finding at operation

RHEUMATIC ACTIVITY —Myv colleague will have something to say
of the pericardral and pleural reactions observed at operatton  Previous
sertes (¢ ¢ Entnickap 1953) have revealed a surprismgly high incidence
of Aschoff nodes m biopsy specimens of the left auricular appendage
amputated at operatton  Our expertence has been simlar—positive
biopstes 1 13 of 41 cases reported to date z ¢ 1n about one third  From
the chart (Fig 12)1t 1s apparent that 1n our serses there w s no tendency
for positive results to be associated with the younger patients 1f
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anything the axerage age 1s higher 1n the posttrie than in the negative
groups The relation of such Aschoff bodies to active rheumatic
tnfection 1n ymddle aged patients with no chnical evidence of active
carditis has been questioned, but the validity of left auricular biopsy
as a gwide to the state of the heart muscle seems well established
(McKeown, 1953), Itis of interest too that 2 patients have deseloped
actrve rheumatism 1n the post operatne period one with generahsed
jomnt pans and one with pericarditis  this 15 1n accord also with

ASCHOFRNODES general expenience (Annotation, Lancet
deve e 1953 Logan and Turner 1953, Soloff
AGE et al, 1953)

These findings call in question our whole
conception of cardrac rheumatism and
suggest that smouldering nfection persists
for decades 1n a proportton of indmaduals

ASSESSMENT OF RESULTS —It 15 too
early to give a reasoned statistical assess
ment based on adequate post operative
follow up Few of the cases have been
followed for more than a year many for
only a few months or weeks A summary
of the results will be given by Professor
Douglas It is apparent however that
the immediate results in our series as
others are astoshingly good

One may quote the two women in
advanced pregi both the sut of
Tic 12—Buopsy findings nleft  desperate attachs of pulmonary congestion

atnum correlated with the
ages of the patients and hzmoptysis who after operatton pro
ceeded uneventfully to full term and had
normal spontaneous trouble free delivertes  the ron moulder disabled
for seven years who within a month rode a bicycle from Dundee to
Perth and back (40 mules) and 1s now earning over £10 a week m a
factory the grocer unable to walk more than $o yards and 1n and
out of hosprtal repeatedly 1n fallure who now does a full day s work
and walks 4 § mules for pleasure the bus conductor seized when
fishing with acute pulmonary congestion sitting hunched agamst
the wall of a hut all mght 1n great agony of mund and physical distress
who now 1s able to walk 5 miles on a rough shoot without 11l effect
the housewife long disabled who boasted with evident glee that she
had washed her blankets or the young woman who until the fifth
month of her pregnancy had worked four hours a day cleaning a
cinema 1n addition to her own family and domestic chores Many of
them obviously are doing too much but such 1s thewr delight at new
found freedom that dissuasion 1s difficult 1 know of no comparable
benefits from any drug—and from a physician that 1s at once a con
fession and a tribute

50

40
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PART Il
SURGICAL CONSIDERATIONS

Here in Edinburgh where your experience with the operation s
so much greater than ours 1t would be pretentious to formulate opinions
about the general problems involied and so 1 propose to stich to
matters of fact—to describe as accurately as I can what we did and
what we found

OPERATIVE TECHNIQUE -—Anasthesia was induced with a small
dose of pentothal and tubarme (30 mg) and mamntamed with intra
tracheal gas oxygen One per cent procamne hydrochloride was gren
1ntr: ly as a drip nfi throughout the operation
As a rule about 200 ml of the solution was admimistered containing
2 gm of procame Blood was kept at hand but was only given mn
exceptional cases

The operative approach was through the bed of the sixth rib which
was exposed by an antero lateral submammary inciston  The auricle
was mnspected for contractility and 1n 1t5 absence great care was taken
1n the mtral handling to avoid dislodging clot It was opened near
1ts tip and allowed to bleed freely A mutral clamp was then apphed
and the opening enlarged to admut the forefinger

The anterior of the atrrum was then carefully explored to determine
the nature of the valve lesion  When this had been done as accurately
as posstble the valvotomy was begun by engaging the onfice m the
finger tip and thrusting the finger through as far as posstble As a
tule one or both commussures sphit as the result of this manceuvre

In this case further spliting was achieved by using the edge of the
forefinger narll Fumally the finger was agamn advanced mto the
ventricle and the chorde tendinez below the valve onfice separated
n an attempt to munimise obstruction from this cause

In patients who had had systemuic embol the auricle was excised
flush with the atrium but 1n others only the tip was removed Fine
nterrupted sutures of black silk were used to close the auricular
INCISION

After closure of the chest water seal drainage was stituted and
continued for forty eight hours The patient got out of bed as a rule
about the eighth post-operative day and was discharged 1n about
fourteen days

What we found at operation and after may be discussed under
the headings  the surgical pathology the techmcal difficulties the
operative hazards and the results

SURGICAL PATHOLOGY —The pathological lesions of mutral disease
found at operation seem to be restricted to three principal sites the
lungs the auricle and the valve 1tself

(x) The Lungs —In a high proportion of cases there was evidence
at operation of previous or ntercurrent pulmonary disease (Table 111)
For example 11 one third of the cases there were pleural adhesions




16 D M DOUBLAS AND I G W HILL

often extenstie sometimes oblitcrating the pleural cavity entirely and
firmly binding the lung down to the pencardium In nme crses
(15 per cent) there was recent creamy exudate on the surface of the
lung which could be wiped off with gauze 1 tale 1t that this represented
a resolving pleunsy and was an earher stage of the previous lesion
Taking these two groups of cases together, almost half the cases
therefore had evidence of old or recent pleurtsy The pulmonary
Iesion underlying the pleunisy was presumably infarction of the lung

In six cases (10 per cent) a pleural effusion of some size was
present and 1n three of these it was quite Jarge—over a pint

An unusual pulmoniry leston met with was the presence of large
sub pleural blebs of fluud 1 the free edge of the ung  This mght
have been thought to have been evidence of pulmonary cedema but
there was no pre operative chimcal evidence of this

TABIF 111
Tre Surgical Pathology of Afitral Disease

Les Numbe of Cases. P Ce
Pleural adhesions 23 35
Pleural exudate 9 15
Pleural effusion 6
Auncular contracture 18 28
Auncular thromboss 13 20

(2) The Auricle—In cighteen cases (28 per cent) the auricle was
shrunken and fibrosed and in thirteen of these there was thrombus
within 1t Often the thrombus was well orgamsed and white and
required a good deal of sharp di section before the actual cavity could
be entered but not infrequently on the mnner aspect of the organised
thrombus recent thrombus was present which was washed out when
bleeding occurred  The auricular shrinkage may presumably be due
to rheumatic carditis or to thrombosis In nearly all cases fibrillation
was present and so possibly contraction of an orgamsing thrombus
1s principally concerned

Calcification of the auricle was met with on two occasions on one
orcaston extending down along the atrial wall and making the atrium
nto a ngid cavity

(3) The Valte—In describing the pathology of the valve one 15
handicapped by the fact that reliance has to be placed upon tactile
impressions perceved through a rubber glove  If the experiment 15
tried of handling a shilling with the bare and with 1 gloved hand one
1s foraibly struch with the loss of fine discimination m the latter  For
example 1t 1s difficult even to be sure that the edge of the coin 15 milled

This 1s of particular mmportance in assessing the volume and force
of a regurgitant jet of blood in mitral incompetence and I feel sure
that the inability of the surgeon s finger to feel one by no means implies
that a leak mav not be present
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However even with the handicap of trying to form a visual
impression from such imperfect tactile impulses 1t 1s quite evident
that the normal filmy cusps of the mutral valie restramed from
nversion by the tenuous chrode tendinez are distorted out of all
recognition wn the majortty of cases (Fig 13) In their place 15 sub
stituted a shallow cone of thichened tissue in whose apex there 15 a
small aperture to which are adherent hard scarred remnants of the
chordze and papillary muscles The larger anterior cusp may or may
not mamntain some degree of its original mobihty depending upon
whether fibrous contraction has been a feature  1f 11 does then incom
petence of the valve 1s exceptional though in one case this was seen
One supposes that the posteriorly placed vahe onfice 15 occluded by
the bulging valve cusp above 1t When 1t does not and the antenor
cusp 15 shortened and fibrosed the onifice 1s pulled more centrally
towards the atno ventricular septum and a large regurgitant gush of
blood occurs with each ventricular systole

ORIFICE —We have usually found the onfice to be surrounded
by puckered and indurated scar tissue often calafied with free calaum
readily palpable 1n the atrial cauty It 1s a matter of great iterest
that calaification 1n this rheumatic process should be so common whereas
1 other rheumatic processes n pericardium joints and tendons 1t 1s
comparatively rare

The shape of the onfice has usually been ovoid and has varred 1n
size from being tmpalpable to 2 § cm  In the latter case regurgitation
has always been severe The case in which the valie onfice was
impalpable was a woman of 50 years She had been breathless on
exertion for many years and this symptom had become much worse
during the last two years A cerebral embolus had occurred in May
1951 with a temporary hemiplegia and aphasia During the last
six months before admission she had been able to get about on the
level but had become very distressed on inclines or stars During
the valvotomy the whole margin of the ongmal orifice was carefully
palpated with the forefinger but no opeming admitting even part of
the tip of a finger could be palpated and a linear indurated fissure was
all that could be felt By using a great deal of force this was eventually
spht It gave way so suddenly that the finger came against the antertor
ventricular wall with great force and ruptured 1t fortunately thanks
to aortic transfusion not with fatal results

In this sertes the anterior cusp could be said to be mobile 1 about
half the cases to be rigid and immoble 1n one third and 1n the remaining
sixth to be intermediate between the two  Below the valve the chorde
could often be felt matted and fived together so as to constitute tn
some cases a sub valvular stenosts

It 15 worth emphasising that even in the most mobile cases the
valve cusps were grossly abnormal and in no way resembled the flaps
of the healthy nutral valve On the whole one s impression has been
that of a shallow cone with a termunal aperture as a rule less than

B
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1 cm  The walls of the cone may be mobile and soft in the case of
pure stenosts or nigid and indurated in the case of incompetence but
never has any sign of the open and shut action of the normal mutral
salve been percenved

TECHNICAL DIFFICULTIES ~—The principal techmeal difficulties
have been assocrated with (1) the state of the auricle and (2) the state
of the valve margins

(1) The Auricle—A small fibrouc shrunken auricle filled with
orgamsed thrombus consuitutes a techmeal difficulty which at present
15 associated with an increased operative risk  As the aurcle tself
15 opened to introduce the finger there 1s a rsk of dislodging recent
thrombus with a resultant systemic embolus There 1s also a rish

Fic 13—Ph h of the atno lar valves of & patient with mutral disease dymng
without operation  On the left the mtral on the nght the tncuspid  The atna have
been exaised and the supenor aspect of the valves is seen  The mutral valve 1s the site
of severe stenosis  Note the thickened and indurated edge of the typical ovold onfice
which measures less than one centimetre

¥io 14-—Ph of atnio lar valves in two patients dying after mitral valvotomy
‘The size of the matral onfice achieved by the valvotomy 1t seen  Though in each case
it1s 2 ¢ in ats transverse axis 3t 15 shil far from the normal size

F16 15 —Photograph of atrio ventneular valves mn a patient dying three weeks after mitral
valvotomy 'The cause of death Was the development of an infected thrombus at the
medial commussure It can be seen to have grown untilit bas almost completely occluded
the onfice

of major h=morrhage which cannot be readily controlled because of
tearing of the shrunken aunicle As the finger 1s advanced nto the
atrium a shrunken auricle often sphts 1n a vertical direction 1n addition
to the horszontal incision already made and this split may pass down
on the medial side of the atrial wall and require great ingenuity in
<losure  As long as the wall of the auricle itself 1s tough 1t 15 usually
possible by the insertion of repeated interrupted sutures and finger
pressure to close the tear  But 1f the muscle 1s friable by reason of
recent myocarditis the stitches may tear out as fast as they are mserted
and we have lost one patient from this cause  If the right ventricle 1s
grossly hypertrophied the heart may be rotated sa that the auricle 1s
very posteriorly placed in the pericardium and this together with a
small shrunken auricle constitutes a real operative difficulty

(2) Valve Orifice—The sphitting of the valve commussures with
the forefinger may be very easily achieved if the edges of the onfice
are soft and phable However if induration and caleification 1s present
there 1s a very serious problem I personally, have had lttle success
with the use of the valvotome and except on a few occasions it has failed
to divide calcified and indurated commissures much more than I have
achteved with the finger nas!  The maximum amount of splitting of
the commussure oceurs when the finger 1s first thrust through the valve
up to the proxamal interphalangeal jomnt and the further aperture
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attained thereafter 1s often small In sphtting the lateral commussure
gentle counter pressure on the wall of the ventricle has been found
helpful It 1s obwiously of great importance to record the extent and
adequacy of the valvotomy and estimated measurement though
imperfect seems the most accurate method available  After the splitting
of the valve margins has been achieved a fawrly accurate concept of
the width of the new orifice may be obtained by passing the up of
the forefinger from one commussure to the other In this sertes the
termunal aperture has usually measured 2z to 2 5 cm  But I must
confess to have been disappointed at post mortem to see how small
this orifice really 1s (Fig 14)

Fially in discussing the techmcal aspects of the vahotomy 1 feel
strongly that we should not leave our practitioner colleagues under
the impression that the valve has been returned to anything like 1ts
orignal state and the best description in my own muind of what 15
achieved by operation in the favourable cases i this series 1s that a
shallow cone with an aperture of 1 cm at its tip 15 comerted into
one with an aperture of 22 3 cm This dolibling 1n aperture size
seems to account for the dramatic improvement which some of these
patients show

THE HAZARDS OE. OPERATION —Many patients show profuse
sputum post operatively sometimes blood stammed often when pre
operatively the chest has been judged to be clear radiographically
and by auscultaton Occasionally this sputum 1s so profuse as to
make one feel that it must be due to pulmonary cedema But it 15
difficult to understand why pulmonary cedema should occur n 2
patient who 15 at rest in bed and m whom the mitral aperture has
been enlarged [t may perhaps be due to a diminution 1n pulmonary
vasomotor tone allowing the tr of a high pul y artery
pressure directly to the capillartes though thts 1s mere conjecture

Clinical signs of pulmonary embolt ze chest pain and hamoptysis
have been relatively common 1n this sertes  As a rule there has been
no sign of deep venous thrombos:s 1n the legs and one has been driven
to the conclusion that the source of the embolus has been the mght
auricle A number of patients have shown pyrexta lasting for some
time—one case for as long as a month post operatively without any
definite phystcal signs to account for 1t This has been ascribed to a
recrudescence of a rheumatic infection and 1t has certanly often been
associated with a ligh ESR  Post operatne pleural effuston has
been a relatively constant feature

FATAL CASES (Table IV) —There have been five deaths in the
series  In the first only an exploratory thoracotomy was carried out
Because of extreme shrinkage of the auricle and extensive caloification
of the atrial wall 1t was found tmpossible to proceed with the ntra
cardiac part of the operation  She developed myocardial faiture and
dred forty esght hours later with pulmonary cedema

The second a man of 34 developed repeated rgors and died
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three weeks after operanon At post mortem there was present at
his valvotomy site infected thrombus from which a pure culture of
pneumococcus was grown (Fig 15)  This must have been a re
crudescence of a latent bactersal endocarditis It was striking that
life was possible with the minute ortfice which 1s visible on the 1llustra
tion and measured about 3 mm
TABLE IV
Deaths after Mitral Valrotom

SnoN LT P A% PMF g
6 48 3 Pulmonary cedema
1 34 28 Infected valve thrombus
13 38 33 Supenor venocaval thrombosts
57 41 3 Atelectasis of lungs
58 44 Tear of auncle

The third patient died s1x weeks after operation from thrombosts
of the superior vena cava  Its nature and ongin 1s unexplained  She
had repeated pulmonary emboli and at post mortem both lungs were
the site of extensive infarcts

The fourth patient was a man of 41 who died on the third post
operative day suddenly during a fit of coughing His progress up

TABLE V
Results of ¥alvotorny tn Miral Disease followed over Six Months
The figures 1n brackets are percentages

Les N mb Good F T mp oved
MS 3 18(8) 3(3) 2 {9)
MS+MI 10 5 (50) 3(30) 2 (20)
Whole group 33 23 (70) 6 (18) 4(12)

to that time had been reasonably satisfactory though his operation
had been techmcally difficult because of a very calcified valve At
autopsy he was found to have extensive atelectasis of both lungs and
an inhalation of vomitus into his right lung  There was no sign of
pulmonary embolus or a coronary occluston His death 1 think
was due to acute anoxia and was preventable

The fifth death was the one already referred to 1n which the shrunken
aurtcular wall was so friable that the stitches tore out as fast as they
were mserted  He had sub acute pericarditis with  bread and butter
heart

ResuLTs (Table V)-—Of the 64 cases 33 have been followed for
six months and 18 for over a year

The results closely resemble those reported by Baker e a/ (1952)
Turner and Logan (1953) and Holmes Sellors e 2/ (1953) Taking
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the group as a whole 70 per cent of the cases dersved significant
benefit As wauld be expected the result in the stenotics was better
than that mn those with mcompetence about 80 per cent as compared
with 50 per cent having good results I must confess to being perplexed
at the improvement 1n the patients with regurgitation and to wonder
how often 1t 1s due to psychological effects—the patients have had
their operation and feel that things must be better—as 1t were they
develop a vested 1nterest 1n the result

Whatever may be the explanation 1t will be very difficult to assess
the results of any operation specifically designed to correct regurgitation
since simple valvotomy grves good results 1n half the cases

From the surgical viewpomnt and from the behaviour of inflam
matory strictures 1n other viscera one would suppose that a consider
able proportion of these patients will show temporary rehef only
perhaps for some years and that thereafter a gradual recurrence of
the symptoms will appear However 1if even five years of comfort in
the miserable existence of a patient with mutral stenosis are achieved
the operatton will have been well worth while
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CHEMOTHERAPY IN PULMONARY TUBERCULOSIS

By JOHN CROFTON
From t/tz Department af Tuﬁmulan.r and Dzmzm of the
sprratory System of E

THE mortality figures for respiratory tuberculosis over the last fifty
years show that up to the beginning of the recent war, there was a
steadily downward trend interrupted only by the First World War
(Fig 1) It 1s generally agreed that this downward trend 1s manly

TUBERCULOSIS DEATHRATES PER 100000 POPULATION
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to be buted to the smps n social d The ntro
duction of sanatorium treatment over the first decade or so of the
century the widespread use of artificzal pneumothorax during the
1920s the populanty of thoracoplasty dunng the 1930s seem to have
had no sudden or dramatnic effect on the mortalty of the disease
however effectsse these treatments may have been i individual cases
During the recent war there was a rise i mortality particularly from
respiratory tuberculosts both in Scotland and 1in England and Wales
although the upward trend ceased 1n England and Wales after 1941
In Scotland as 1s notorrous the mortahty continued to rise after the

Read 1 th November 1953
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end of the war  Streptomyan first became widely used 1n 1938 49
and immeduately there was a very rapid decrease in the mortality
rate The decrease was the more impressive 1 Scotland as the rate
had been rising up to this time  The decrease in mortality 15 particularly
dramatic among the younger age groups which tend to suffer from the
acute exudative disease which 1s particularly susceptible to chemo
therapy Fig 2 shows the trend of mortality rates in males and

K31 51 THE TREND OF RESPIRATORY TUBERCULOS!S IN SCOTLAND AND ENGLAND & WALES
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females aged 15 19 1n England and Wales and in Scotland The
astonsshing decrease 1n the mortahty rate since the introduction of
streptomycin 1s seen 1n both sexes  From these figures one can surmse
that treatment 1s having an effect on the disease not only in indvrdual
cases but on a national scale

It 1s mmpossible to cover very much of the enormous subject of
chematherapy of tuberculosis 1n an hours lecture This afternoon
I intend briefly to review the results of chemotherapy as revealed n
some of the Medical Research Council trials and to give a rather fuller
review of the hterature regarding the influence of combined therapy
n presenting the emergence of drug ressstance to tubercle bacill:
Frnally T shall try to give some assessment of the present situation from
the point of view of the practical physician
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DRUGS AVAILABLE FOR THE CHEMOTHERAPY OF
TUBERCULOSIS

‘These may be listed as follows —

Established Drugs —(1) Streptomyain  (2) Salts of para amino
salicyhc acd  (3) Isomazid

Possible Accessory Drugs —(1) Thiosenucarbazones  (2) Terra
mycn  (3) Viomyan

The possible accessory drugs hsted above ave those which may be
of some value 1n preventing the emergence of resistance to the established
drugs though probably m themselves not being smportant therapeutic
agents

RESULTs OF CHEMOTHERAFY

In this review 1 propose only to cover the resuits of chemotherapy
in acute tuberculous bronchopneumonta n various Medical Research
Council trials since 1948 using radiographic change as the man
crterion  In Fig 3 are shown the proportions of patients in whom
there was moderate or considerable radiographic improvement after
s1x manths abservation or who remamed unchanged deteriorated or
died These were all controlled trals each trial consisting of at least
2 treatment groups allotted at random  The first results are those of
the control group treated on bed rest only during the first trial of
streptomycn 1t will be seen that 27 per cent died and that another
34 per cent deteriorated during the six months period As far as
detersoration or death was concerned the results with all the other
drugs or drug combinations shown in this figure are very much better
than n those treated with bed rest alone The highest mortality listed
was 8 per cent of 109 patents treated with daly streptomycin alone
Only 16 per cent of the patients m this group deteriorated  Most of
those detertorating or dying will have been patents in whom strepto
mycin ressstant organisms emerged It will be seen that all the groups
given chemotherapy showed very many more patients with radio
graphic improvement than among the controls treated with bed rest
alone The proportions showing considerable tmprovement are very
similar in all the groups in which streptomycin was included  When
PAS was used alone the proportion showing considerable improve
ment 1s distinctly lower than in the other chemotherapeutic groups but
markedly higher than in those on bed rest alone Fig 4 1s derived
from later Medical Research trials (M R C 19522 M RC 19,3¢
and MR C 19538) The cases treated are similar 1o those in Fig 3
with the exception that i1 some cases the disease was unilateral and
the cniterra of age were less limited  all the patients shown 1 Fig 3
were aged 15 to 30 but those in this figure might be of any age  the
assessments m this figure were made at three months instead of srxmonths
wsinFig 3 The group treated with 1 g streptomycin darly combined
with PA S (sodum) 5 g four times a day 1s common to Figs 3 and 4
and forms the basis of companison with the other treatments It will
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be seen that, compared with this group among those treated on
1soniazid alone not so many showed radiographic improvement of a
high degree and there were some cases of detersoration The latter
were probably associated with the development of drug resistance

CHEMOTHERAPY IN TUBERCULOUS BRONCHOPNEUMONIA
RADIOGRAPHIC CHANGE AT 6 MONTHS (MAC TRIALS}
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Fic 3 —Radiographic change over six months n patients aged 15 30 with acute bilateral
tuberculous bronchopneumonia treated by bed rest alone or with vanous forms of
chemotherapy (continued for at least 3 months)

Pao— PAS (sodmum) 20 g daily 1n 4 divided doses 81 or 2 = streptomyan 1
or2 g daly SIPS or 10 = streptomycm T g daily combined with PA'S (sodium)
5or10g dalyn 4 dded doses  StP 0 = streptomyain £ g daily combued with
PAS (sodum) 20 g dally m 4 diuded doses Medi 2l Research Council trials
figures denved from Damels and Bradford Hill (195 )

The results with streptomycin 1 g daily combured with 1sonazid
100 mg twice a day were even better than those with streptomycin and
PAS The evnidence that this b 1on 1s probablv the
most powerful availlable, although there are certan disadvantages
which will be discussed later  The final group includes those treated
with PAS (sodum) 5 g four times a day and 1somazid 100 mg
It will be seen that the radiographic rmprovement

twice a day
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although not quite as good as that with streptomycn and 1somazid
1n combination, 15 very stmilar to that with streptomycin and PAS
and rather better than that with jsoniazid alone

It 1s clear from this brief review that the results of treatment with
any drug combination which includes streptomycm or 1sontazid are
very good and that there 15 little difference between the combinations

CHEMOTHERAPY IN TUBERCULOUS BRONCHOPNEUMONIA
RADIOGRAPHIC CHANGE AT 3 MONTHS {MRCTRIALS)
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F1c 4 —Radiographic change over three months m patients of any age with acute tuber

culous bronchopneumoma unilateral or bolateral treated with various forms of chemo
therapy

§1P20 = streptomyan 1 g d ily combined with PAS (sodum) 20 g datly in
4 deaded doses  Hoz == womand 200 mg daily m 2 dwided doses StHoz=
streptomyan 1 g daily combined with 1somazd 200 mg duly PoHo =PAS
{sodum) 20 g daily combined with sonand oo mg daly Figures from various
Med cal Research Counail tnals {195 39532 19538)

On the other hand P.A S alone 1s rather less effective
of course are over comparatively short pertods The effectiveness of
any combination over long periods will depend on the proportion of

patients 1 whom drug resistant tubercle bacilli emerge It 15 to this
subject we must now turn

These results

DRUG RESISTANCE
Where only one of the three main chemotherapeutic agents has
Leen emploged alone drug resistant orgamsms have emerged in
20 to 40 per cent of pittents within three to four months (Figs 5 6
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7, 8) Let us consider for a moment the possible sigmificance of this
resistance 1n the case of the threc main chemotherapeutic agents
Stgnificance of Streptomycsn Resistance —When a patient s tubercle
bacilli become streptomycin resistant on the routine test probably
between 1 1 100 and 1 1n 1000 of the population are actually resistant
(Mitchison, 1950) Streptomycin may continue to have some effect
on the remaining sensitive organtsms for a further period which can
probably be measured in weeks Thereafter 1t will have hitle effect

PREVENTION OF STREPTOMYCIN RESISTANGE BY PAS
NOTE_RESISTANCE TESTS PERFORMED AFTER 3-4 MONTHS OF TREATMENT
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on the course of the disease Moreover 1f n such a patient strepto
mycin 1s later used 1n combination with a second drug the streptomyecin
will no longer be effective in preventing resistance to that second drug
In most cases once a patients tubercle bacilh become resistant to
streptomycin they remam so permanently although very occasionally
reversion seems to occur Eiven more sinister these streptomycin

resistant orgamisms may be handed on to a second patient and strepto-
mycin 1s unlikely to be effective 1n that patient  For instance a patient
(reported 1n detail elsewhere) was infected probably by hts wife with
an organism which was found to have a streptomycin resistant ratio
of 8 that s to say slightly streptomycin resistant  The patient had
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never had streptomyein and 1t was assumed that the organtsms vere
sensttine when he was started on sweptomycin 1 g daily combined
with 1sonazid 100 mg twice a day  Within two months his organtsms
had become 1sotiazid resistant  he was the only patrent m our series
from whom d resistant or were o d on this com
binatton of drugs

Significance of P A S Resistance —When P A S resistant organ
1sms have emerged 1t should be assumed that the drug 15 no longer
effective m that patient at least when the bulk of his orgamisms have
become resistant to the drug although there 1< little direct evidence
on this pont  We have shown that resistant organisms may persist
at least 1n some patients for up to three years after the cessation of a
course of PA'S alone although 1t may be that in a proportion there
1s reversion to full PA S sensitnity The presence of such resistance
abolishes the effect of P A S 1n preventing the development of resistance
to a second drug (Turnbull and others 1953) We have now had
several cases to be published elsewhere mn which P AS resistant
organisms have been handed on that 1s 1n which patients have been
mfected with P A S resistant organtsms probably dermved from a
patient who had received the drug alone

Sig of I d R —When a patients tubercle
baailli become ssomazd resistant 1t 1» probable that the rsomazid 1s
of hittle further value So far I know of no evidence about the effect
of the emergence of 1 r m abolishing the preventive
action of the drug on the emergence of resistance to a second drug
There 1s some evidence that drug resistance ts less permanent than n
the case of streptomvan  Certamnly 1t 1s our experience that 1t 1s
common for a patients orgamsms to revert to a lower degree of
1sontazid resistance after cessation of the drug  There 15 some sugges
tron that highly 1somazid resistant organisms are less virulent (Barnett
and others 1953} This does not apply to the lower degrees of 1somazid
ressstance and 1t 1s these possibly more virulent degrees of resistance
which tend to remamn  So far I know of only one case where an
1sontazid resistant organism was handed on to a second patient but
this was a laboratory nfection (Borgen 1953)

PREVENTION OF DRUG RESISTANCE BY COMBINED
CHEMOTHERAPY

Preventron of Streptomycin Resistance b PAS—In Fig 5 1s
reviewed some of the ewidence concerming the prevention of the
emergence of streptomyan resistant tubercle bacilli by the use of
PAS 1 varous doses and combimations The PAS doses are
given i terms of PA S (sodwum)  Some of the figures in this and
subsequent tables have had to be calculated from data given by the
author or even estimated from diagrams and so can only be regarded
as approximate It will be seen that when streptomycin 1s gien
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datly the proportion of patients in whom streptomycin resistant
organisms emerge decreases steadily with increase 1n dose The best
results have been obtained when 5 g of PAS (sodum) 1s grven four
times a day  Pitts ez al (1953) obtaned very good results employing
dailly PA S 1n doses equivalent to 16 5 g of sodium salt combined
with streptomycin twice weehly These very good results may be
partly because their patients were mostly young soldiers and 1t 15 to
be noted that in 86 per cent there was sputum conversion The
United States Veterans Admumstration (Dye 1952) obtamned less
dramatic results, the 6 per cent of patients in thewr series who developed
PREVENTION COF STREPTOMYCIN RESISTANCE BY ISONIAZIO, TERRAMYCIN
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streptomyein resistance bemng very stmuilar to the proportion 1n another
group treated by the same organisation with daily streptomyein as
shown 1in Fig 5 The evidence therefore so far as 1t goes suggests
that the use of streptomycin twice a week instead of daily has no
advantages purely from the point of view of the emergence of strepto
mycin resistant orgamsms over daily streptomycin  When PAS
was given twice weekly as well as streptomycin (Tempel 1952) strepto
mycin resistant organisms emerged mn 2 higher proportion (Fig 5)
This 1s espectaly notable when 1t 15 r bered that these p

are sumlar to those in whom Pitts ¢2 o/ (1953) found no resistant
organisms when treated with daily PAS and streptomyen twice a

eeh

* Prevention of Streptomycin Resistance by Other Drugs —In Fig 6
are shown some figures for the pre‘entmn of streptomycin resistance
by 1sonazid terramycin and th The d of
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streptomycin resistant org 1s greatly reduced over three or four
months by giving wsomaznd whether streptomycin 1s admunstered daily
or twice a week Terramycin i doses of 5 g a day 1s also effective
when the streptomyein 1s given only twice a weeh  The disadvantages
are that terramycin 1n this dose given for so long 1s very expensne
and that 2 number of patients are unable to tolerate it Lower doses
are at present being investigated The evidence available suggests
that thiosemicarbazones are not very valuable in preventing the
emergence of streptomycin resistant bacilh I can find only one
considerable sertes and 1t was uncontrolled Thiosemicarbazones
have a lugh toxicity and are unhikely to be used for this purpose in
future as other better tolerated drugs are now available

Py of PA4S R —-Some data on the prevention
of PAS resistance dertved from various Medtcal Research Council
trials, are presented 1n Fig 7 It will be seen that the combination of
streptomycin with PA'S  has markedly reduced the incidence of
P A S resistance, but that this reduction 1s more marked when P A §
(sodium) 15 given 1 doses of 5 or 10 g a day than when 1t 15 given 1n
doses of 20 g a day The evidence suggests however that isoniazid
15 even more effective than streptomycin 1n preventing the emergence
of PAS no have been ded in 2
rccent Medical Research Counc:l publication (M R C  19538)

of I ~In Fig 81s gnen the madence

of xsomazxd resistance when the drug 1s administered alone and also
the red m ats d when bined with streptomycn It
will be observed that i the Medical Research Council series the
wncdence of 1somazid resistance 15 3 per cent when streptomycin 1s
given daily combined with 100 mg somazid twice a day, whereas
when streptomycin is only given twice a week the incidence of 1somiazid
reststance 1s 9 per cent and resistant orgamsms form a high proportion
of the sputa remaming posittve  Although these results are not at
present confirmed by American studies (Pitts ez a/ 1953 Dye et al
1953) the evidence 1s sufficient to suggest that the combination of
streptomycin twice a week with 1somazid daily 15 an undesirable one
to use unless further study proves 1ts safety

The prehminary Medical Research Council report recently 1ssued
(MRC 19535) indicates that P A S 1s highly effective i preventing
the emergence of 1somazid resistant organisms even when given 1n
doses of 5 g of sodum salt twice 2 day though the number of results 1s
as yet small

EFFECTIVE DRUG COMBINATIONS

In view of the above results we can list the follownng drug com

bmatxons as bewng of pmbable practical use the advantages and
ges of each md; bination being ind

(1) PAS (Sodum) 5 g Fyur Times a Day Combined wnth

Streptomyern 1 g Daily i a Single Injection —This combnation
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has been found to be highly effective climically  Resistant orgamsms
to either drug emerge in only a very small proportion of cases The
disadvantages are that daily injections are necessary and that with
daily streptomycin a proportion of patients higher in the older age
groups suffer vestibular damage and become giddy A number of
patients find this high dose of P A S causes unpleasant gastro intestinal
effects

(2) PAS (Sodwm) 5 g Four Times a Day Combined with
Streptompyain 1 g given Two or Three Times a Week —This com
bination 1s chnically effective probably as effective or almost as
effective as daily streptomycin combined with PA S The decreased
frequency of the streptomycin injections 1s pleasanter for the patient
and this decreased frequency much reduces the mcidence of vestibular
damage  Streptomycin resistant organisms emerge in only a very
small proportion of cases although the evidence 1s less defimite 1n
the case of PA S resistance The disadvantages are that injections
are required even though less frequently and that the gh PAS
dosage causes gastro intestinal upsets 1n some patients

(3) Streptomycin 1 g Darly Combined with Isoniazd 100 mg
Twice @ Day —This 15 a highly effective combimation probably the
most effective of any at present available The inadence of both
streptomycin and 1somazid resistance 1s very low  The disadvantage
1s that daily streptomycin mjections are required with the resultmg
discomfort to the patient and rish of vestibular damage In addition
if the combtnation 1s unsuccessful and the patient s organisms become
resistant to one of the two drugs by the time one discovers this after
the two months delay in reporting the resistance tests the patients
orgamsms will probably have become resistant to the second drug
and he will be deprived of the two most effective anti tuberculous
agents

@) PAS (Sodwum) 5 g Four Times a Day Combined with
Isoniazid 100 mg Twice @ Day —This has been shown to be a very
effectnve treatment possibly not quite as effective as daily streptomyaint
and 1somazid but much the same as streptomycm and PAS  The
great advantage 1s that 1t avoids the necessity of injections  In addition
the 1ncidence of resistance to either drug 1s very low indeed Agan
the disadvantage of this combination 1s the toxicity of the high dose
of PAS

() PAS (Sodwum) s g Twice a Day Combined with Isoma.rd
100 mg Turwce @ Day —Detailed evidence about the clinical effective
ness of this drug combination 1s not yet available Although the
prelimmary reports suggest that the mcidence of drug resistance will
be low the figures are at present small and 1t 15 not recommended that
this combination should be generally used until more information 15
published  Ifit fulfils 1ts early promuse then 1t will be a very valuable
treatment as most patients can tolerate 10 g of PAS (sodmum) a
dav and of course sontazid mn the doses used has sirtually no toxaty
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CLINICAL APPLICATION OF VARIOUS DRUG COMBINATIONS

When chemotherapy seems likely to be the defimtive treatment mn
a case of pulmonary tuberculosis that 1s in uncomplicated cases with
only munimal or no cavitation, then the combination of daily strepto
mycin with daily 1sontazid 1s justifiable 1n that this 1s the most effective
treatment known But, as daily streptomycin injections may not be
easy to arrange in the home this recommendation may apply mamnly
to patients 1 hospital and because of the rish of vestibular damage,
to younger patients who are less liable to suffer from vestibular towiaty
If the patient 1s to be treated at home or if he 1s 1n the age group where
vestibular toxicity 1s a higher risk then 1t 1s probably better to employ
the well established treatment of streptomycin 1 g three times a week
combined with PA S (sodium) 5 g four times a day But there 1s
now an alternative 20 g of PAS (sodum) daily combined with
isontazid 100 mg twice a day This 1s a particularly useful com
bination sf the patient 15 to be treated at home, as no 1njections are
nvolved However it must be strongly impressed on the patient
and on his private doctor that the full doses of both drugs should be
taken Indeed, with the patient on bed rest at home there 1s some
thing to be said for the vistt of a nurse two or three times a week to give
an mjection  the patient feels that he 1s 1 continuous contact with
the service and this will encourage him to carry out the instructions
It 1s possible that 10g of P A S (sodium) daily combined with 1soniazid
may later replace the combmation in which the daily dose of PA S
(sodwm) 1s 20 g but at present this 1s not to be recommended for
reasons already given

When the case 1s 2 more complex one and when there are one or
more large cavities and surgery 1s likely to be ultimately necessary,
then 1t 15 wiser to reserve 1somazid and to treat the patient imtially
with streptomyeir and P A S If he 1s acutely 1ll then one may start
by giving daily streptomycin but after the acute phase 1s past strepto
mvcin 1s dropped to 1 g three times a week continuing the PA S
daily This leaves 1somazid available 1f the treatment fails to prevent
the emergence of drug resistance It may be thatin the future especially
if the patient 1s being treated at home the mutial treatment 1n such
a case may be daily 1somazid and daily P A S keeping streptomycin
and terramycin in reserve 1n case the first combination fails to prevent
the emergence of resistance

If there 1s a history of any of the three main drugs having been
gnen alone then 1t 1s better to give the other two drugs If there
seems to be any possibility that the patient s organisms may be reststant
to two drugs as when there has been a history of P A S having been
gnen alone in the first place followed by streptomycr and PA S
together then 1t 15 Wiser to give all three drugs until the result of the
sensitity tests 1s known
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DURATION OF CHEMOTHERAPY

There are no firm data on which to base any definite statements
about the opttmum duration of chemotherapy 1n different cases This
could only be based on a comparison of relapse rates with different
durations of chemotherapy mn the same type of case The use of
longer and longer periods of chemotherapy 1s designed to mimmise
the chances of later relapse and most of us are steadily mcreasing the
periods for which we give treatment A rough rule might be as
follows —

Chemotherapy should be continued until (1) the patient has been
free from significant symptoms for at least three months (2) the
temperature has been normal for at least three months (3) the
erythrocyte sedimentation rate has been normal for at least three
months  (4) the sputa or laryngeal swabs have been negative on
culture for at least s1x months  (5) if cavities were present and no
collapse therapy or surgery 1s being employed until all cavities have
been completely closed on the radiograph for at least six months  All
these critena where relevant must be fulfilled that 1s to say for each
patient the criterion which invohves the longest period of treatment
must be selected

CONCLUSION

Pulmonary tuberculosis 1s notoriously a relapsing disease  Present
experience suggests that the relapse rate may be substantially reduced
by modern treatment with prolonged chemotherapy often followed
by surgery But we should not be satisfied unul there are no relapses
We should also ask ourselves why we should have to be discussing
the treatment of pulmonary tuberculosis at all  King Edward VII
said of this disease If preventable why not prevented? Itis a
grave slur on the capacity of our soctety that this preventable disease
continues to flourish forty years later It 1s up to all of us doctors
and laymen alike to remedy a discreditable situation

SUMMARY

(1) Streptomycin salts of para aminosalicylic acid and 1sonsazid
are well established 1n the treatment of pulmonary tuberculosis

(2) A review of six years of Medical Research Council trals of
chemotherapy in  bronchopneumonic tuberculosts emphasises the
revolution which has occurred  In the first phase of the trials 27 per
cent of the patients treated on bed rest alone over six months died
and over 60 per cent either died or deteriorated When patients with
the same type of disease were treated with streptomycin 1 g datly
combimed with PA S (sodwm) 5 g four times a day approximately
90 per cent showed radiographic improvement and only about 5 per
cent deteriorated or died over the same period  Any chemotherapeutic

b which either strep or d 1s Irkely
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to gne very satisfactorv results, although the combination of daily
streptomycin and dairly 1somazid 1s probably shghtly more effective
than any other

(3) It 15 concluded that drug resistance to either of the three man
drugs 1s of clinical significance  Thts 1s well established 1n the case
of streptomycin and P AS  and probable 1n the case of 1sonrazid

(4) The Ihterature on the prevention of drug resistance by the
combination of more than one drug 15 reviewed It 1s concluded that
for the prevention of streptomycin resistance P A S should be given
in the highest tolerated dose preferably the equivalent of 20 g of
the sodium salt a day It makes little difference whether streptomycin
15 given daily or twice a weeh  Daily 1somazid 1s also highly effective
in preventing the emergence of streptomycin resistant organtsms and
terramycin in high doses also appears to be satisfactory  The emergence
of PA S resistance 1s prevented by combination with streptomycin or
with tsomazid  Isomazid resistance 1s largely prevented by datly
streptomy cin but less effectnely by streptomycin twice a week , daily
PAS 1 doses of 5 g of the sodium salt four times a day 1s very
effective and 1t seems possible that doses of 5 g twice a day may prove
to be as good

(5) The advantages and disadvantages of different drug com
binations are restewed as are the indications for particular combinations
m different types of case The proper duration of chemotherapy for
particular cases 1s briefly discussed

In so far as results of wmvestigations m this Department are refersed to 1t should
be made clear that these are the work of a group Dr A T Wallace and Miss Sheila
Stewart carried out the bacterology Dr F W A Turnbull co ordinated the work
and was responssble for most of the chimical reviews Many of the patients were
under the care of Drs N W Home ] D RossandI W B Grant who contstbuted
2lso much encouragement and many ideas Our Registrars House Physicians
nursing staff and technicians gave us unfaihng help The work has been supported
by generous grants from the Royal Victoria Hospital Tuberculoss Trust 1 am
most gratetul to Mr C Shepley and Miss Brown of the Department of Medical
Illustration for the trouble they have taken over the diagrams and to Mr T C Dodds
for the reproduchons
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ADDENDUM

The chemotherapy of tuberculosis has advanced smce this lecture was given
“The most mmportant amendments are as follows (1) Further mvestigation has
-confirmed the mutual prevention of drug resistance when sontazid 100 mg and
sodum PAS 5g are gnen together twice a day (Medical Research Council 195,
Brit Ved Journ 1 43y) () Isomazid resistance can be substantially delayed or
prevented by giving oxytetracychne {terramycin) 1 25 g four times daily with
romaznd 100 mg twice datly  this 15 very expensise and should only be used m
patients whose tubercle bacilli are resistant to streptomyan and PA S (Stewant
et al 1953 Brit Med Journ z 1508) (3) PAS resistance and subsequently
‘streptomycin resistance may emerge 1u a small but 1mportant proportion of patrent
treated with streptomyan 1 g twice or thnice weekly together with daily P 4 S
(expenence of Edinburgh group to be published) () Durations of chemotherapy
contynue to increase  nuine months 1s now a mimmum penod and normally treatment
would be gnen for nine to twelve months after the sputum becomes negatne or a
«cavity closes



THE HAZARDS OF MAJOR SURGERY

By JOHN BRUCE CBE TD FRCS Ed
From the Department of Surgery Unseersity of Edinburgh and the General
Surgical Uit W estern General Hospital Edmburgh

ONE of the most inspiring and most reassuring trends of contemporary
surgical practice has been the steady fall in the number of deaths
following operation  The achievement which this represents has been
due less to improvements in surgical technique than to advances 1
related fields—to developments in anzsthesia, to a fuller hnowledge of
the physiology of ‘shock and 1ts prevention and management to 2
more adequate appreciation of the principles of flud and electrolyte
balance and to the introduction of the antibiotic drugs In the mam
the contribution of the surgical craftsman has been to explost, with
measurable success the discoveries of the physiologist and the pharma
cologist  He has applied his surgical techmques to the
of diseases formerly wremediable, such as portal hypertension and
mutral stenosis and to organs like the pancreas and the adrenal gland
which were formerly forbidden terrttortes and he has overtahen
certain of the problems that beset the pre operative and post operattve
management of his patients

There 15 some danger however that the very brilliance of his
achievement may tnduce the surgeon to become complacent, or un
mundful of the hazards that still attend operative procedures and the
habit of eritical retrospect 1s one in which he mught indulge more
frequently than he does Regular stocktahing—a pause at suitable
mtersvals to balance the debits and the credits—is a salutary and some-
times huriliating corrective to uminformed satisfaction 1t has the
added virtue that 1t 1s only against the background of past experience—
and experiences—that the problems of surgery yet unsolved can be
declared and the pattern of future research and progress elaborated

Some five years ago Sir James Learmonth mitiated the valuable
practice of regular and frank reviews of the deaths occurring mn the
respective umis of his Department a practice which has sttmulated 2
careful and exhaustive analysts of the factors contributing to each
fatality and especrally to those that are a direct consequence of surgical
intervention These surveys are mstructive 1n a number of ways They

, permit 2 critical scrutiny of the clinical management of the patient i

+
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the hight of an accurate knowledge of the pathology both of the original
and of any coincidental disease  they lead to the poaling of knowledge
and experience of the rarer conditions and the more unusual compl
cations and they assuredly temper the traditional optimism of the
surgeon which has so powerful an ally m a short and sometimes
convement professional memory

1t may be claimed-—on good grounds—that the death rate of surgery
1s not the only yardstich of its dangers for surgery has 1ts morbidity
as well as 1ts mortality 1ts anxieties and 1ts near tragedies as well as 1ts
complete farlures None the less 1ts mertality 1s a useful measure of
1ts overall success and 1t 1s from this premuse that I have elected to
start to-day

The substance of this contribution 15 an account with comments
of the deaths which occurred in a group of general surgical wards
over a period of five years My first intention was to confine the report
1o the fatahties following major operations only Minor *’ surgery
15 difficult to define however and the occurrence of no fewer than
three fatal pulmonary embol following operation for trivial conditions
has prompted 2 somewhat wider review

Over the peniod of five years 6510 patients were admutted for
treatment and the outcomne proved fatal in 282 (4 3 per cent. of the
total admissions) In nearly 80 per cent of them (2235 cases) autopsy
was carried out to determune the exact cause of death, but this
examnation was refused or not requested on 57 occasions  Nevertheless
1 35 of these patients, the diagnosis had been clearly established at
operation and of the remaiming few, 1n only two instances was the
cause of death not clinteally obvious

In the first an elderly woman was submutted to operation on
account of severe obstructive dyspneea from extreme displacement of
the trachea by a grossly enlarged thyroid  but there was also a massive
enlargement of the Iner Death without obvious cause followed
uneventful removal of a goitre which, on histological exarmination
proved to be sarcomatous It 1s possible though not proved that the
hep ly was also 1

In the second case 2 young man died in profound peripheral
arculatory faillure some twenty eight hours after the closure of a
duodenal uleer which had been perforated for twelve hours before
admussion  Pre-operative resuscitation had proved extremely difficult
and was in fact incomplete  and despite the most vigorous post
operative measures the circulatory depression was ummnfluenced It
was particularly untortunate that a post mortem examination was not
permutted here for the degree of collapse 1ts early onset and 1ts per
sistence during the whole course of the illness suggested in the hght
of other experiences that death might have been due to adrenal failure

For the purpose of this studv the fatahities have been classified

into —(a) Deaths without operation (71) (&) Post operative fatalities
{211)
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DEeatus WITHOUT OPERATION

Operative treatment was not undertaken in 71 of the fatal cases
which are enumerated 1n the accompanying table (Table I)

TABLE I
Causes of Death in 71 Patients dymng witnout Operation
Advanced malignant diseise 3
Lethal trauma 16
Cardiovascular drseases 13
Complications of peptic ulcer 7

Ulcerative colitts
Gross infections
Cirrhosis of liver
Uremia

N o

In nearly three quarters of them death was due to moperable
malignant dicease to lethal trauma or to advanced cardiovascular
lesions  and the average age of these patients was 75 80 and 79 years
respectrvely \

Only two of the other groups mert particular mention  There were
two deaths—both 1n voung patients—as a result of xlzerative colitis
which will be considered later along with a series of deaths following
operation for this condttion and seven fatalities were caused by
complications of peptec ulceration In two death was the result of
severe hamatemess  the first was recetved w exsremes and died
within a few hours but the other an elderly man was not submtted
to operatton despute the recurrence of a massive heemorrhage mn hospital
At that time—the beginming of the quinquennium-—a sufficiently
defined therapeutic strategy in the management of the bleeding peptic
ulcer had not been agreed upon between physician and surgeon
1t 15 now our practice to advise operation in patients over §O who
have a second appreciable bleed after admi sion to hospital

The remaiming patients died as a result of perforaton of the ulcer
All were admutted 1 advanced peripheral circulatory failure—four as a
result of late diagnosts and the last as a result of delay in seek ng
treatment This woman had perforated in London and had insisted
on travelling bome only to be brought to hospital i a moribund con-
dition In each of these cases resuscitation was impossible

THE POST OPERATIE DEATHS

The number of in patient operations undertaken during the five~
year pertod was 5152 and death occurred m 211 cases an operative
mortaltty of 4 1 per cent

A scrutiny of the age of these post operatise fatalities reveals that
the majority (62 per cent) were 1n patients over 60 and no less than a
thard (37 per cent ) over 70 years of age while nearly half (48 2 per cent )
were the result of malignant disease
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These facts must to some extent mutigate our disappointment
The lengthening span of life has meant the submission to operation
of more old people than ever before and in them the outcome may
well be governed not by the mam disease or by factors within the
surgeon » control but by such considerations as the cardiorascular
status or the ability of the kidney the liver or the adrenal glands to
accept the added stramn of any surgical procedure Our relatively
crude methods of pre operatnve survey are not yet sensitnne enough to
permut accurate assessment of such extraneous rishs

Classtfication of Post Operatire Deaths —In the privacy of our
own councils and for our own profit we sought to separate our post
operatve fatahities into unavoidable and avoidable deaths

Unazoidable Deaths —These deaths were due to the advanced
state or the inevitable progress of the disease to the presence of lethal
coexusting disease or to the develop of an unpredictabl d
uncontrollable—lesion such as coronary thrombosis or cerebral
hazmorrhage

If these criterza are acceptable then 116 of the deaths after operation
(Table II) were frankly unaioidable and need no more than 2 passing
glance

It will be noted that advanced mahgnant disease accounted for
nearly two thirds (72 deaths or 6. per cent of the total) and the chief
offenders were cancer of the colon and rectum (28 cases) of the stomach
(10 cases) and of the gallbladder and bile ducts (10 cases)

Most of the colon and rectal cancers 1 this category were admtted
in subacute or acute obstruction and in the majonity some palliatne
type of operation was possible On reviev 1t 1s my 1mpression
that delay 1n diagnosis and m treatment was more often due to the
patient than to the medical attendant  Early changes in bowel habit
abdominal uneasiness the appearance of a little blood m the Javatory
pan after defxcation were all too frequently neglected until more
imperative symptoms appeared Carcinoma of the cacum was an
exception however for here the insidious loss of Fealth or the sense of
mtolerable fatigue had sometimes driven the patient to the practittoner
early and a casual diagnosis of bloodlessness and the exhibition
of on had satisfied both unt:l a tumour mass was palpably obiious
and the disease incurable  If this large group of advanced and hopeless
colon tumours 1s taken into account the results of the treatment of
cancer of the large bowel are most disappointing—all the more so
because the development of safer methods of pre operatine bowel
preparation and of anastomosis has e gone far to eliminate the operatne
hazards of a former day

Frve of the group of advanced malignancies were cancers of the
gallbladder and as usual the tumour was associated with gallstones
which had produced only trifling mconvenience Thus 1n one pattent
an attack of acute cholecystinis some twelve years before had passed off
with no pronounced after effects and though mvestigation after the
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acute attach had demonstrated a completely non functiomng gall
bladder, the patient was advised to leave well alone It was on the eve
of her retirement from a busy teaching post that she was stricken with
malignant jaundice, and was found at operation to be beyond surgteal
ad
TABLE U1
Unavordable Deaths—116

Advanced Malignant Disease~32

Colon and rectum 28
Stotmach 10
Gallbladder and bile ducts 10
Pancreas 7
Breast 5
Esophagus 2
Buccal cavity 1
Bladder and prostate 2
Skin 1
Liver T
Sarcomas 5

Cardsovascular Diseases—16

Pernpheral gangrene 10

Coronorary thrombosis 4

Mesenteric thrombosts z
Trauma—7

Fractures 4

Multiple mmjuries 3

Acute Infectrons—12
Gallbladder
Lver
Pentonitis {including tuberculosis)
Phageedenic ulcer of thigh
Senile ulcerative proctitis
Subcutaneous infection with severe diabetes

[CICRTTY

MMrscellaneous—y
Cirrhosis of hver
Malignant hypertension
Urzma
Thrombocytopznic purpura

LR

The regular association between gallstones and carcinoma of the
gallbladder must mevitably direct our attention to the problem of the
‘silent biliary calculus  for gallstones are not infrequently dis
covered 1n routine radiographic examunation of the chest or of the spme
n patients without sharply etched biltary symptoms  Close questioning
will often reveal that in fact these stones are less mnocuous than they
seem and the late Dr W ] Mayo 1s credited with the observation
that there was no such thing as a completely  silent gallstone

The relatne frequency of gallstones and the comparative rantv
of carcinoma of the gallbladder hardly justify the argument of potentral
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malignancy in advising operation m muld or symptomless choleli
thiasts  but biliary caleult have other dangerous sequelee—obstructive
cholecystitis 1ntestino biltary fistula gallstone ileus and obstructive
jaundice  In our most recent patient with gallstone ileus the caleulus
had been observed 1n the course of a radiological examination of the
lumbar spine some fifteen years before and although there was a
distinct posstbihity that the back pamn was of bihary ongin he was
strongly advised to heep out of the clutches of the surgeons  When
finally, after three days of acute small bowel obstruction he had equally
strongly to be urged in the reverse direction his fate was sealed for
the 1leus—as 1s so often the case with gallstone obstruction—proved
lethal

It 1s unfortunately true that the complications of gallstones occur
most frequently in the elderly when the result of operation may be
jeapardised by other factors It 1s worth emphasis therefore that
apart from age the hazard of operation on the biliary tract 1s that
imposed by these very complications—by obstructive jaundice and the
consequent need to dramn the common bile duct by the disablement
which a combination of obstruction and sepsis can inflict on the liver
parench and by ] disease with its early spread to the
liver and the porta hepatis  On the other hand the risks of cholecyst
ectomy in uncomphcated biliary disease are negligible and the case
for earlier surgery seems to be unanswerable

Aroidable Deaths —In those that we styled the avoidable post
operative deaths the selection the nature the extent or the duration of
the operation the choice or execution of the anzsthetic or the manage
ment or circumstances of the post operative state contributed 1n some
way to the fatal outcome They were therefore avordable though notin
the narrow sense that the surgical management was mcorrect madequate
or unwise 1n every instance  Some certainly were due at least n part
to errors of judgment or of technique but in many the fatal 1ssue
was determuned solely by mechanisms that are still relatively obscure
and that though patently mitiated by operation are strictly speaking
unavoidable in the present state of our knowledge

It 15 this last group that provides one of the principal challenges
of modern surgery and if at the moment such disasters as pulmonary
embolism and hepatrc farlure are largely beyond our understanding
and our control there 1s at least some prospect that they will ultimately
be mastered and become 1n fact preventable

In this series the deaths directly related to the surgical treatment
amounted 10 93 or T 4 per cent of the total operattons and they
could be arranged m a number of weil defined groups (Table IIT)
Certain of them need no more than a brief notice

Anesthetic Deaths —In four patients death was the direct result of
anesthes;a  In two fatal asphywia resulted from the aspration of
intestinal contents in the induction phase tn another death occurred
suddenly during an imjection of sodium pentothal mn an elderly subject
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in whom the drug 1s certainly dangerous and in the last a case of
nodular goitre which had recurred after two previous operations there
was sudden and massive pulmonary collapse a few hours after operation
as a result of obstruction of the respiratory passages by a large quantty
of stuichy mucus

The direct anasthetic hazard was therefore mnsignificant, and in
this series 1t might have been reduced even further Thus, the necessity
for gastric lavage and intestmal intubation before an emergency
abdomnal operation was well appreciated, but mn one patient, the
precaution was frankly onutted, and in the other, a tube introduced
in the ward was advertently withdrawn, and a hurried attempt at
reinsertion was unsuccessful

TABLE II1
Atoidable Deaths—95
Surgeal errors g
Pulmonary embolism 19
Penpheral arculatory failure -

Liver failure

Anzsthetic deaths

Post operative pulmonary complications
Effects of transfusion

Cardiovascular complications

[FENE NN

In addition to the deaths directly due to 1t the anmsthetic was
possibly a factor in certain of the other fatal cases Thus in the group
of respiratory complications were two patients who underwent gas
trectomy on the same winter morning and who by the followtng day
had each developed an obvious and overwhelming pulmonary tnfection
which had almost certamnly origmated in post operative atelectasss
In neither case had post operatsve bronchoscopic aspiration been carried
out but since this experience the manceuvre has been a routine practice
before the patient leaves the theatre aiter major upper abdomnal
operattons It cannot be claimed that 1t has abolished respiratory
comphications but since its introduction there has been only one death
from an acute pulmonary condition and that in an elderly frail and
very 11l woman whose gallbladder had perforce to be dramned on account
of acute gangrenous cholecystitis

The two cardiorascular & aths each a proven example of post
operative coronary thrombosis were included in the avoidable
series because the operation was possibly contributory In the first
the thrombosis developed immediately after splanch v for
hypertension under high spinal anmsthesia and in the other 1t
followed a somewhat protracted and ditficult gastrectomy for bleeding
stomal ulcer The patient had undergone operation for purforation
of a duodenal ulcer and later had had a gastro enterestomy established
Following gastric resection she appeared to be making a good recovery
watil her sudden and fatal collapse but autopsy showed advanced
chronic myocardial disease as w ell as acute coronary occlusion  The
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operation was long tedious and difacult and 1t could not be completely
exonerated

The occurrence of three  fransfusion  deaths 15 a reminder that
though the contribution of blood and plasma nfusion to the scope and
the safety of modern surgery 1s beyond question as well as beyond
praise the procedure itself 15 not yet entirely free from rish  The
plasma death was particularly unfortunate for the patient had under
gone a resection of the lower end of the cesophagus for carcinoma and
1 order to gain proper access for the abdominal part of the operation
1t was necessary to remove a massnely enlarged uterus studded with
giant fibroids  The admmmstration of plasma on the following day
was prompted not by any specifically declared need but by a desire to
supply a source of protein from the begimning of convalescence The
reaction to the first bottle of reconstituted dried plasma was severe
and fatal within a few hours the chmcal prcture suggested a sudden
catastrophe such as a suprarenal apoplexy or a coronary nfarctron
but autopsy failed to demonstrate a recogmsable cause of death
Fataltties following the use of dried plasma and closely resembling this
were encountered from time to time during the war especially mn the
tropies  and since this added civil expentence the infusion of recon
stituted plasma has been avoided in the unit

The other transfusion deaths followed the admimstration of whole
blood In one the cause of the reaction was not discovered but 1n the
other the blood was subsequently found to be infected The ranty
of such an event 1s a tribute to those who conduct this vital and important
service so admirably

The remaining groups of the so called avoidable deaths were
each of considerable mterest and mmportance and deserve a closer
scrutiny

The Surgical Eyrors —The first sertes were attributed after reflec
tion to errors on the part of the surgeon an opmion which in some
instances was unquestionably harsh but possessed the virtue of defining
the possible contribution of the operator hmmself to a further reduction
m surgrcal mortality

There were 29 patients (o 56 per cent of the total operations) n
whom 1 the hght of eventual expentence either too much or too little
was attempted 1 whom treatment was delayed beyond the optimum
time  or in whom a frank post operatne complication such as intection
or obstruction developed (Table IV)

Inadeguate or Excessine Surgery—In this group the adequacy
of the surgical management was 1 question  Thus 1n two fatal cases
of regional ententis the disease was discovered i the course of an
emergency operation and the lesions were left well alone  The con
sensus of surgical opinion still favours this policy  but n the first of
our patients a regional jejunitis subsequently progressed to gangrene
and m the second an ileocwmcal leston eventuated n perttonitis and
death It 15 just possible that a bolder approach n the shape of
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mmmediate resection, might have had a happier outcome, and for this
reason we felt obliged to regard these deaths as due to inadequate

surgery
TABLE 1V

Surgrcal Errors—rg

Inadeguate or Excessite Surgery—b6
Acute regional entertis
Drverticulitis
Volvulus of the pelvic colon
Liver abscess
Acute cholecystitis

Delayed Surgery—4
Ulcerative colitis 3
Peptic stricture of the esophagus H

Techmcal Complications—19
Intrapertoneal Leaks (12)

Following—
Total gastrectomy
Partial gastrectomy
Gastroscopy
Restorative resection of rectum
Closure of colostomy
Post Operatize Infections (4)
Pancreatitss following gastrectomy
P, 1 holedoct

Retrop cellulitss following choledoch
Burst abdomen

Post Operatize Obstruction (2)

Following—
Gastrectomy
Cholecystenterostomy

Post Operative Infarction of the Gut (1)

Following Reduction of volvulus of midgut

.o

-3 on

1
1

1

In the other deaths in this class there was agan no certainty that a
fatal 1ssue could have been avoided but agam, the treatment adopted
was open to criticism The  errors  comprised —

1 Failure to establish a colostomy at laparotomy n a patient with
acute diverticulitis of the pelvic colon The subsequent
perforation and fatal peritonitis might thus have been pre
vented

2 Failure to recognise the precartous state of the constriction rings
after reduction of a volvulus of the pelvic colon

3 Failure to discover a secondarily infected amcebic liver abscess

4 The submussion of a woman up 1n years to cholecystectomy
rather than to simple drawnage for acute suppurative cholecys
titis

Delayed Surgery —In a number of patients delay 1n resorting to

surgery may well have prejudiced the 1ssue

In one case death resulted from repeated massive hzmorrhages

from an unsuspected gastric ulcer while the man was under treatment
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for dilatation of a peptic stricture of the cesophagus and earlier
gastrectomy mught have prevented this and also improved both the
esophagitis and the stenosis

The other patients were victims of ulcerative coliis and it may
have been unduly self critical to attribute their deaths to delayed
surgery For this formidable and tragic disease raises problems of the
greatest complexity and anwiety  Earlier reference was made to two
patients who died from the progress of the disease without operation
and 2 survey of these five cases serves to define the major problems
confronting the surgeon charged with the management of ulcerative
colitts

Ulcerative Colitss and sts M ~—In all hve the
patients suffered from the acute fulminating type of the disease and
there 1s general agreement that mn this group it 1s particularly
difficult to determune the exact timng and the exact scope and nature
of operative intervention In the subacute and chrome types the
positton 1s otherwise for few would challenge the propriety of operation
when repeated relapses threaten a lfe of chrome invalidism or when
1ife 1s jeopardised by such complications as extensive bowel hemorrhage
or by stricture of the colon and rectum

In acute progressive ulcerative coliis however the patient steadily
loses ground, and there are profound nutritional electrolyte and
vitamun  disturbances from malabsorption and from the profuse
purulent diarrhcea  The crux of the problem 1s whether this continuous
detertoration can be arrested by surgery—and up to the present
surgery has meant the blisk of an il This was
attempted i two instances 1n each the colon had perforated in
several places and in one the ulceratwve process had mvolved not
only the colon but practically the entire small intestine  In the two
patients who died without operation there were again multiple
perforations In all four an attempt had been made to inprove the
general state as a prelude to operation and it was this period of delay
which was open to criticism

In the last case operation was undertaken promptly The patient
2 nursing sister was seriously 1l when the tleostomy was made and
there was a short hived phase of jmprovement followsng 1t Perhaps
wrongly resection of the colon was postponed 1n an effort to restore
her general condition When this failed and the situation was nearly
desperate the nght half of the colon was removed but following the
tdeostomy the bowel had perforated m several places, and there was
weil marked peritonmitis

This experence d that 1 fact was by no means
certain either to stay the progress of the disease or to prevent perfora
tion a view that found some support 1n the behaviour of another
Pattent now well following staged excisions of the entire colon and
Tectum In this young woman there was a sudden and serious exten
s1on of the disease to the previously uninvolved czcum and ascending
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colon many months after ileostomy had been performed as the first
step 1n surgical treatment

It 15 difficult to avord the concluston that some reortentation of our
attitude to ileostomy 15 needed If the operation 1s not life saving 1t
would be justifiable to supplement it by stmultancous partial resection
of the colon which would carry only a neghgible if any addstional
operative rish  The arguments against such a policy that sleostomy
alone 1s sometimes curative, or that after a time 1t mught be possible to
restore the continuity of the bowel need not be serously entertamed
The grossly ulcerated colon of unrelenting ulcerative colitss can never
recover sufficiently to become a safe or a useful compamon  at best

* healing leaves a rnigid, mert pipe stem  colon which 15 merely 2

condurt and not a reservorr while at worst the mucosal regeneration
may assume the form of polypoidal excresences-—pseudo polyposts—
which have a definite association with malignant degeneration

The case for early and radical surgery in severe ulceratrve colitis
appears to be a valid one therefore and because 1t 15 so our fatal
cases 1n this series were classified as deaths which mught possibly
have been avoded In the event our strategy failed to fluence the
course of the disease

Techmeal Complications —The fatal techmical complications com
prised a number of intraperitoneal infections and post operative
mechanical obstructions (Table IV) Not all of them were necessarily
the result of errors either of commussion or omusston and some were
unexpected nexplicable and unpreventable It 1s unfortunately true
that on occasion even the most careful of surgeons 1s not immune to
musfortune or disaster His medium 1s ltving tissue subject to number
less and complicated brological influences about which we are still
imperfectly informed In other crafts—of wood and clay of metal
and stone—a gnen series of manceuvres may be expected to yield
a predictable result varying only with the skill of the craftsman A
surgical operation on the other hand inthiates a group of complex
and dynamic phenomena and the response i1s sometumes varsable
and occasionally perverted and unexpected Thus demscence of
laparotomy wounds the development of obstruction from widespread
perttoneal adhesions and some types of intraperitoneal infection are
frequently outwith the operator s control

The catalogue (Table IV) 1s sufficiently explanatory to make detatled
comment unnecessary in the majority of cases but some merit brief
notice

The lethal nfarctton of the gut followed the reduction of a chronic
volvolus of the mudgut m a girl of 17 years who was grossly undersized
and undernourished as a result of a secondary malabsorption
syndrome  There had been countless attacks of acute obstruction
and at operation a number of completely fibrosed vessels were observed
11 the thickened mesentery  The intestine was certamly viable when the

abdominal wound was repaired but mfarction of the small gut i the
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whale territory of the superior mesenteric artery supervened rapidly
Tt 15 just possible that the disaster might have been avoided by prophy
factic anticoagulant therapy

The two fatal post-operative obstructions were due to operatne
faults In the first the occlusion resulted from the kinking of the
efferent loop of a cholecyst jejunostomy and could have been prevented
by supp ry entero- in the other torsion had also
occurred at the site of an hago jejunal following
total gastrectomy

No fewer than seven of the remaiming deaths followed the
operation of partral resection of the stomach and smce this operation
contributed five addittonal deaths 1t must be subrutted to closer
scrutiny

The Ha.ards of Partial Gastrectomy —During the quinquensmuum
partial gastrectomy was undertaken for simple ulcer 1n 2,0 patients
of whom 10 died At first sight the overall mortality appears unduls
high  but there were a number of unusual and unexpected comph
cations (Table V) and 1t would not be proper to condemn the operation

TABLE V
Fatal Compl of Partial G: 1y

Intraperttoneal leaks

Shock

Acute pancreatits
Pulmonary complications
Pseudomembranous enteritis
Adrenal tuberculosis

[

on account of the mortality in this small series Thus pulmonary
1 of such overwhel sirnlence are exceedingly rare 1n
these times and the deaths due to acute adrenal failure from
unsuspected tuberculous destruction of the gland and from pseudo
membranous enteritis are almost unique The death from shock was
frankly so classified for lack of a more adequate explanation far death
was preceded by a series of transient but severe episodes of collapse
before the final circulatory fatlure and no abnormality other than

coronary degeneration was identified at autopsy
The fact remans that m this umit a disconcerting number of
deaths (2 per cent) were directly due to technical complications  In
two of them leakage occurred from the duodenal stump 1w one
mstance the end of the duodenum was found at autopsy to be completely
open suggestinga blowout secondary to some mechanical difficulty
at the gastric stoma In the other the duodenal closure was sound
but leahage had occurred from the antertor duodenal wall where an
area of necrosis had developed At this time removal of the duodenal
ulcer was practised as a routine no matter how difficult the dissection
or how extensive the amount of mobilisaton demanded Such a
practice may well jeopardise the blood supply of the duodenal wall

D
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and latterly the ulcer has been left behind when the local condittons
have been particularly unfavourable

The other leaks were from the neighbourhood of the gastro jejunal
anastomosis 1n one nstance and from the antral remnant after Ban
croft’s operation, an experience which others who have used this method
have shared

The balance sheet of gastrectomy 15 not balanced stmply by dis
closing 1ts overall mortality however There 15 growing uneastness
about 1ts late effects also for the functional result leaves something to
be desired in a disturbing number of patients Few would dispute 1ts
virtues 1n the management of peptic ulcer of the stomach  and most
claim that at the moment, and with all 1ts faults, 1t 1s the best answer
to the problem of the duodenal ulcer The truth of this assertion
must be determuned by each surgeon for himself however and it 15
proper to remind ourselves that the much abused gastroenterostomy
was not abandoned because 1t failed to cure duodenal ulcer It did so
permanently 1in the large majority of patients and 1t fell wto
disrepute, not so much because of the high incidence of subsequent
stomal ulcer but because of the high mortality attending the secondary
operations  The posttion 15 different to day for the death rate following
operation for stomal ulcer 1s not apprecably greater than that for
primary gastrectomy Most stomal ulcers develop n the first three
or four years after gastroenterostomy, so that if the addition of
vagotomy can effect a substantial reduction of acidity only during
this danger period, the mcidence of gastro jejunal ulceration mught
well be reduced to msigmficant proportions Even if a number have
to be submutted to gastrectomy later, the final balance might well be
loaded 1n favour of the simpler and safer procedure if regard 1s paid
to the mortality of gastrectomy to its small but defintte recurrence
rate, to 1ts post operative discomforts 1ts dumpings its bilious vomitings
and to its 1 ntractable

This 15 no doubt unfashionable heresy but I believe that the
thoughtful surgeon should constantly re examme his attitude to
gastrectomy and in the hght of hisown results both fatal and functional
rather than those of some persuasive techntcal gentus who if statistics
are credible 15 1mmune to even the most fortustous accidents that
befall his humbler fellow craftsmen At the moment, there 1s cause
neither for satisfaction nor complacency and certainly not for contrnued
unthinking advocacy of gastrectomy for any and every duodenal ulcer

Pulmonary Embolism —The fact 1s tragic but incontestable that
increasing chmical wigilance for the evidences of peripheral venous
thromt the 1introd: 1 of the anticoagul drugs and the cult
of early rising after operation have alike failed to ehrminate pulmonary
embolism as a serious operative hazard A few years ago 1in the first
flush of enthustasm over hepann the occurrence of a fatal embolus
was to some a matter of reproach—an d erther of carel
ignerance or lack of climcal acumen  Subsequent mvestigations have
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prompted a less emphauc approach and of Jate years, no surgical
danger has so much engaged the attention of chinical research workers
as the thrombo embolic phenomena

In this sertes, fatal pulmonary embolism occurred on 19 occasions
and was the sole cause of death  1n another instance an embolus was
partly responsible, but the actual cause of death was coronary
thrombosis This single complication therefore, contributed a httle
over 20 per cent of the potentially avordable  deaths and its ina
dence 1n the whole group of operations was 3 8 per thousand

The relation of fatal to non fatal pulmonary infarction was not
worked out for the whole sertes, but my colleague Mr Gordon
McNaught made a special study of 1004 consecutive cases over an
eleven month period  and 1n this small group lung embolism occurred
on 20 occastons 6 of which were fatal  Three of the patients had not
been submtted to operation a reminder that the problem 1s not a
surgical one alone but mseparable from any dliness—or trauma—
demanding rest in bed The wards in which these patients were
treated were as  thrombosis minded ’ as most 1n so far as routine
post operative exarmnation of the calves for tenderness and of the
ankles for cedema was the rule , there was a comprehensive programme
of early post operative actiity and the shghtest suspicion of phlebo
thrombosts was met by the smmedsate exhibition of anticoagulant drugs

That this obviouslv was not enough was evidenced by the fact
that 1n one third of the fatal cases and in a hke proportion of non fatal
cases, the lung embolism was the earliest chimical indication of throm-
bosis  The existence of a group of chimcally sifent thromboses was
supported by the site incidence of the imtial clotting as determmned at
autopsy for while the femoral tibial and calf veins were the most
common source no fewer than a quarter originated in the pelvic veins
or 1n the inferior vena cava

On the other hand we have been musled by the presence of calf
tenderness nto the d ation of gulants
though fortunately with severe q s on one only
This patient was 1 g from splanch for hypertension
when an incident of dyspneea occurring she was discovered to have
tender calves, and pain on dorsifiexion of the ankles  Heparin adminis-
tration was immediatelv begun  but after forty eight hours she
colfapsed with all the evidences of peripheral airculatory farlure and
died 1n a few hours  Autopsy failed to d ate either a pul, 4
embolus or any peripheral phlebothrombosis  but there was a large
ntra thoracic hemorrhage

There are many facets of this interesting and important problem
that I am not competent to discuss  but since this 15 i the mamn a
factual report 1t may be appropnate brieflv to record certain experiences
which gave us some food for thought

The several benefits of the modern post operative regime of early
movement 1n bed regular breathing exercises avoidance of the Fowler
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and smular positions and insistence on early rising are not to be
disputed  that such measures have specifically dimimished the liability
to thrombosis or reduced the incidence of pulmonary embols 1s open
to serious question however Thus an elderly woman, an out patient
reported with a subacute breast abscess which was meased under
pentothal anzsthesia in the early afternoon  She spent the remainder
of that day in bed, but was up on the following day On the eighth
day, a small pulmonary embolus developed and on the eleventh day,
despite hepanmsation a larger embolus occurred, from which
fortunately, she made a good recovery Agatn, a middle aged woman
was submutted to cholecystectomy for flatulent dyspepsia and a poorly
functioning gallbladder which was found at operation to be normal
She was small stout and lethargic  and as she was thought though
without valid reason to be a hkely candidate for phlebothrombosts
her post operative management was particularly vigorous Her
convalescence was uneventful however and she was discharged i the
usual ime  Some six weeks after her return home while cleaning her
fireplace she was stricken with a massive pulmonary infarct which
was all but fatal

Such episodes—and others like them-have convinced us that
though there may be sound enough reasons for a post operative
programme of forced actinity 1t does not inhibit thrombosts or prevent
embolism

Soon after the introduction of heparin there was a pious hope—
and sometimes an arrogant assertion—that there would be no excuse
for fatal pulmonary embohism for early diagnosis and energetic
treatment were bound to be successful The passage of time has
confirmed the efficacy and the value of the anti coagulant drugs
but 1t 1s now obvious that unless they are exhibited in the first few
hours they are by no means protecttve aganst later pulmonary embolus
Thus a man aged 65 was admitted with a gluteal abscess which was
drained by inaiston and improved rapidly He was up and about
1n the ward by the seventh day when he complained of breathlessness
There was no clintcal evidence of thrombosis but on the followng day
he complained of pain in the night calf Anticoagulant therapy was
then begun under strict laboratory control  but two days later and
only half an hour after an mjection of heparin he complamned of pain
in the rnight thigh  Four days later there was evident thrombosis
1n the left femoral vemn and there were frequent attacks of cyanosis
and breathlessness His condition continued to be poor and twelve
days after the original attack of dyspncea he succumbed to a masstve
embolus  The autopsy revealed clots 1n both femoral veins and m
addition to a recent thrombus which straddled the bifurcation of the
pulmonary artery there were numerous small infarcts 1 both Jungs

This too was not an isolated expertence and 1t would appear that
even when a diagnosis of thrombosts has been made and therapy

begun the prognosis should be on the most guarded lines
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In this series, the premature withdrawal of the anticoagulants
was responsible for another tragedy A cup arthroplasty of the hip
had been carried out for intrapelvic protrusion of the acetabulum
i awoman 35 years of age The possible significance of a short
pertod of persistently raised pulse rate as an indication of potential
thrombosts was not apprectated perhaps because there was a shight and
superficial wound nfection It was possible to begmn intensive physio
therapy on the fourteenth day however and progress was steady
until the twenty-esghth day when there was a sudden pulmonary
embolus  Anticoagulant therapy was immediately begun and she
made such a good recovery that the anticoagulants were discontinued
after eight days Her conditions gave no further cause for anxiety
until the fortreth day, when without warning there was another sudden
and rapudly fatal episode It 1s probable that death cculd hate been
averted by prol the adi ation of anticoag until the
patient was agamn ambulant

There 1s a prevalent chimcal wmpression that thrombosis and
embolism are on the mcrease However debatable this may be I
believe that careful climcal obsenvations leave no doubt that small
lung emboli are even more common than we imagine now and that
some at least of the more obscure post operative pulmonary compli
cations are almost certainly embolic

It 1s difficult to estimate its relatne frequency from decade to
decade  McNaught investigated the d of p
at autopsy mn the pathologxcal service of the Roya.l Inﬁrmry of Edin
burgh over a twenty one year period and found a mean annual incidence
of 16 per cent with a standard deviation of-+0 64 per cent The
present group—20 out of a total of 9, post operatine deaths 1s
admittedly incomparable but 1f 1t be assumed that none of the other
deaths operative or non operatne was due to pulmonary embolism
the maidence 1s shightly over 7 per cent This appears to support
the common climcal mpression but impressions are notoriously
dangerous and regard must certainly be paid to the extent and seventy
of present day operations to the fact that the average hospital ward
population s considerably older and to the greater frequency with
which autopsy exammation 1s sought Nevertheless the view that
there 15 a real increase ts supported by the comprehensive survey of
thrombo embolism 1n the hospitals of New Orleans by Ochsner and
De Bakey

At the moment our urgent need 1s for a policy which wall reduce
the morbidity and the mortality of this disaster The evolution of a
laboratory test w hich would enable the likely thrombotics to be identified
and energetically treated with anticoagulants from the start would
be a notable advance but several such tests have been tried out in the
past few years without success

The alternative—the routne prophylactic admimstration of the
anticoagulants—is both costlv and time consuming 1n view of the need
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for accurate laboratory control In the meantime we have no option
but to rely on clintcal vigil with prophylactic tr reserved
for patients who give a history of previous thrombotic disease such as
* white leg,” and energetic therapy at the least suspicion of trouble—
a spihe of unexplained fever on the fourth or fifth day a puzzling rise
in pulse rate an attach of panful breathlessness or the discovery
of pamn and tenderness mn the calves The position 1s far from
reassuring however , and a fresh approach 1s needed to this difhcult
and dangerous problem

Lsver Deaths —It 1s common experience that, after operations on
the gallbladder the pancreas, and their ducts a number of patients
die from hepatic fallure  In this series there were 12 such deaths and
the diseases demanding operation were carcinoma of the pancreas
and ampulla (4 cases) chronic pancreatitts suspected to be tumour
(2 cases) and stone m the common bile duct (6 cases) In each of these
patients no other lethal complication was identified at autopsy

The climcal picture was far from uniform but 1t was possible to
recogmise three distinct groups  In the first, death occurred promptly
after operation  Post operative consciousness was short or not regained
and hyper pyrevia peripheral circulatory farlure and coma accompansed
by an assortment of neurclogical signs, and by a characteristic odour
n the breath—the feetor hepaticus —were the outstanding cltmcal
evidences  Liver necrosis was the only notable autopsy finding

Four deaths were of this type and a typical case was that of a male
patient aged 70 1n whom stones had been removed from the common
bile duct He was returned to the ward in excellent condition after a
relatively easy operation but in eght hours there was a marked rise 10
temperature and pulse and by the twelfth hour there was obvious
failure of the peripheral circulation The temperature was then
107° F and the blood pressure 60/50  Death 1n coma took place some
twenty hours after operation At autopsy the hver looked remarhably
normal to the naked eye but on histological examination the hepatic
cells were granular and so swollen that the sinusoids were compressed
there was also a diffuse fatty change practically every cell examined
contamning at least one fat vacuole and the portal tracts were mfil
trated by lymphocytes There was no evidence of acute cholangitis

In the second type of liver failure the patient apparently makes a
satisfactory mitial recovery but the urinary output ts low from the
start and finally there may be plete anuria  Deg 1ve chang
may be present 1n the renal tubules 1n addition to the liver necrosts
Four of the deaths belonged to this group sometimes styled the hepato
renal syndrome only two of them developed renal fatlure however
so that presumably the renal phase 1s neither an essential nor the lethal
part of the syndrome

The typical sequence of events 1s well illustrated by the case of a
male patient, aged 65 who after an obstructive jaundice which had
ed three weeks underwent a duadeno pancreatectomy for carcinoma

last
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of the head of the pancreas The operation was not parttcularly difficult
and the only incident of note was a period of about an hour and a
quarter when the blood pressure fell from 1ts general level of 140/80
to 80/60 On his return to the ward the pressure had resumed its
pre operative level and for the first forty exght hours his condition
was satisfactory  Only 30 ml and 6 § ml of urine were collected on
the first and second days respectively, however, and there was a steady
nise m the blood urea mitrogen which reached a level of 117 mgm
per cent by the third day Thereafter there was no further secretion
of urine and he gradually deteriorated to die 1n coma at the end of
seventy two hours

Examunation of the Iner showed commencing disruption of the
lobular architecture lymphocytic infiltration of the portal tracts and a
widespread fatty change 1n the cells of the centr: lobular region  The
pathological diagnosis was  early biltary cirrhosis The renal
pathology was not typical of the distal tubular degenerations
encountered mn the various states of shock, but the tubules contained
an amorphous acidophilic precipitate and the pathologist s diagnosis
was  cholemic nephrosis

The third type of liver death which was encountered in this series
ran a more protracted course with gradual decline in health, with
creasing weahness deepening jaundice hamorrhages purpuric
skin eruptions apathy and generalised cedema  The terminal phase
was heralded by increasing drowsiness and ultimately coma and
death supervened

The factor common to all these patients was jaundice but this
was so variable both in duration and in degree that neither seemed to
bear any definite rel. hip to the develo of the syndrome or
to the clinical form it assumed Furthermore patients with jaundice
as severe or even deeper and of as long or even longer standing were
successfully submitted to operation without so much as a threat of
lwver faslure This suggests that the liver failure 1s dictated not so
much by the new circumstances—of bihary obstruction for example—
as by the presence of pre existing and undetected liver damage which
leaves the parenchyma incompetent to resist the further insult of
operation Heyd who originally described the syndrome of the liver
death believed that the partially damaged liver produced a lethal toxin
others have 1 that the debased parench 15 unable to
detoxicate a bolic posson produced in the splanchnic area under the
impress of trauma anzsthesia shock infection or hemorrhage It
may well prove hardly necessary to postulate erther an exogenous or
endogenous toxin to cxplamn the lner death however The hepatic
parenchyma has wide and protean functions and on ts health and
capacity depend many of the vital processes of nutrition and the

1 | h of intracellul and the impact

of the further insult of operation 1n the lner weakling may well
gtve nise to a death which 1s metabolic rather than toxic  That the
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®tiological factor 1s not in every case unrelenting and indeed not
particularly complex 1s ewidenced by the occasional rapid and
spontaneous return of consclousness and that speedy disappearance of
the neurological signs which 1s amongst the most startling of clinical
phenomena

The elucidation of the Liver death and of hepatic coma may well be
matters for the biochemust to the surgeon, faced with the necessity
for operation, 1t 15 of the greatest moment that out of the present
researches there should emerge a reliable test of liver function that
means should be devised to counter the harmful effects of operatne
trauma and that from the mass of metabolic studies a rational thera
peutic management should be evolved

Some part of the way towards this goal may even now have been
travelled Thus we appreciate the danger to the liver parenchyma
of anoxia whether due to shock to anmsthesia to operation or to
hzmorrhage and if 1t cannot always be avoided—as 1n the protracted
manipulations of a radical pancreatectormy—it can be kept to 2 mmimum
both of degree and of time

Until recently the onset of liver faillure was almost invartably the
herald of tmpending death  This gloomy picture has been hghtened
a little bv the researches of Latner in Newcastle He has proposed
and elaborated a regime designed to supply by intravenous mfusion a
comprehensive range of the essential vitamins with amino acid and
with fluid and electrolytes during the period of hepatic coma Con
cewved as a hind of replacement or substitution therapy 1t 1s intended
to mamtain the metabolic processes of the body during the time when
the liver wath 1ts rapid power of recovery 1s trying to effect its own
repair

The apparent efficacy of Latner s treatment was demonstrated by
the case of a female aged 49 who was admutted to the medical division
with obstructive jaundice  Her condition rapidly deteriorated and she
became drowsy and difficult to rouse muscular twitchings were
prominent and the feetor hepaticus all pervading  In the considered
opimon of both medical and surgical observers the outlook was hope-
less Nevertheless operation was advised because a mass in the upper
right quadrant of the abdomen was thought to be an abscess or a large
empyema of the gallbladder It was 1n fact an abscess there was
not a stone in the common duct but the duct and the upper border of
the duodenum formed part of the abscess wall Cholecystectomy was
completed and the bile duct dramed  The patient did not recover com-
plete consciousness after operation mstead she passed mto coma
and the Latner regime was resorted to but without much confidence
For two days her condition remained unchanged but abruptly there
after there was a decided and rapid improvement and 1t was possible
to discontinue the ntravenous infusion after five days The subsequent
ence w1s not without incident but her eventual recovery was

conalesc
Since spontaneous and dramatic recovery from hepatic

satisfactory
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coma with complete and almost instantaneous reversal of the neuro
logical signs 1s a rare but possible event it would be unwise to claim too
much for Latner s infusion on the strength of a single case  but my
own expersence and that of other observers did not include an example
of recovery from so desperate an illness On several occasions since
then there have been encouraging experiences with the method and
1t may be that in the future the liver deaths will feature less promunently
the fatal pheations of gallbladder surgery

TABLE VI
Causes of Fatal Peripheral Circulatory Farlure
Hamorrkage 5 casey
Following—

1 Pancreito ducdenectomy for carcinoma of pancreas
2 Splanchnicectomy for hypertension
3 C (trom pected duodenal ulcer)
3} Gastrectomy for massive bleediag from gastac ulcer
5 Gastrectomy for massive bleeding from gastnic ulcer
Toxtc and Infectrze Shock cases
From—
1 Pentomtns
2 Late perforated duodenal ulcer
Late Vechanteal Intestiral Obstruction cases
1 Strangulated femoral hernia
Gallstone 1leus
Paralytsc Heus 5 cases
Following—

T

2 } Volvulus of pelvic colon

3 Band obstruction of small intestine
4 Strangulated femoral herma

5 Acute appendicitis

Unezplaned Circulatory Fatlure 1 case
Following Gastrectomy

Hypertherma 1 case
Overheating following arthrodesis of the knee

Acute Adrenal Farlure 4 cases

1 Massive renal hemorrhage following transfuston
Masnwve adrenal hzemorrhage following gastrectomy for stomal nlcer

3 Depletion of cortical ipord followmg for acute
4 Adrenal for gastric ulcer

Post Operatine Necroses of the Intestinal Vucosa 2 cases
Followmng—

I Gastrectomy for duodenal ulcer
2 Gastrectomy for stoma! ulcer

Perspheral Cireulators Farlure —In 22 patients death was due to
farllure of the peripheral crculation from muscellaneous causes
(Table VI) Thus hzmorrhage was the mechamsm m 5 nstances
advanced perrtoneal infection 1 2 and late mechanical obstruction
of the intestine in a further 2 pattents  they need no further discusston

Paralytic 1leus was fatal 1 5 patients despite energetic efforts to
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overcome 1t In each case autopsy confirmed the absence of perttonitis
or of a mechanical obstruction  each was vigorously treated by gastric
suction and by fluid and salt replacement, but with no attempt to cater
for special electrolyte requirements In retrospect 1t seems more than
likely that the lethal factor was an uncorrected high grade potassium
defi y, and, 1in 1on 1t 15 only fair to recall that our apprecia
tion of the importance of potassium 1s of comparatively recent origin

The arculatory collapse followmng gastrectomy belonged to that
mysterious category of post operative deaths in which autopsy fails to
establish a satisfactory explanation, 1t was referred to earher in this
report

The dangers of too enthusiastic resuscitation were all too evident i
the patient who died following arthrodesis of the knee jomnt for
tuberculosis  Radrological confirmation of the satisfactory position
of the bones was sought before the patient was returned to the ward
from the theatre There was some delay 1n the Radiological Depart
ment, and when she was eventually put to bed, she was cold and
clammy This was the signal for exposure to the radiant heat of a
cage equipped with a formidable battery of high powered bulbs In
this inferno she lay for some hours  death occurred in hyperpyrexia
on the same evening

Acute Adrenal Farlure —On four occasions sudden and rapudly
fatal cireulatory collapse was due to acute adrenal fallure  Our first
expernience of this was mn a female civil servant, aged 27 years who
was transferred from the medical division for operation for ulcerative
colitis  The post operative recovery was satisfactory and the patient
had so far improved that she was allowed up on the twelfth day On
the twentieth day there was a muld attack of enteritis and although her
general condition was not giving rise to anxiety a transfusion was
decided upon largely as a prophylactic A slow blood drip was begun
at 1145 am and at approximately 115 pm when the transfusion
was almost completed she complained of severe pain in the back The
infusion was immediately stopped but the pain became progressnely
more severe and at 2 o’clock she suddenly lapsed 1nto unconsciousness
Respirations were laboured and there was facial cyanosis  the
temperature was 100 the pulse rate 130 per munute and the blood
pressure 60/40  Every available stimulant was employed 1n an attempt
at resusctation but by 2 30 pm  the peripheral pulses had disappeared
and the blood pressure was unrecordable Death took place in coma
at 2z am the following mormng

At autopsy there was extensive hzmorrhagic destruction of the
medulla, and to a lesser and patchy extent of the cortex of both adrenal
glands  Death was therefore due to arculatory collapse from acute
adrenal fallure but the explanation of the massive adrenal hamor
rhages was not obvious A precsely simular syndrome  with
heemorrhagic destruction of the adrenals 1s sometimes encountered n
meningococcal  septicemia (the Frerderich Waterhouse syndrome)
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and in pregnancy In this instance the Transfusion Service was able
to exclude infection and all agglutination tests were negative Never
theless the accident must be regarded as an unusual and fortunately
a rare complication of the transfusion

The other examples of acute adrenal failure were more airectly
related to operation and though the pathological changes in the
adrenal gland varied there was the same dramatic and irreversible
arculatory collapse

These compheations have perhaps a parucular mterest and a
particular significance at the moment It has been suggested that in
response to inyjury—in 1ts broadest sense-~there 15 a spectfic body
reaction which 1s mediated by the pituitary and the adrenal glands
and which culminates 1n an increased production of adrenal cortical
hormones  Inability to respond normally may be the result of pre
ewsting disease  and 1n one of our own patients 1n whom the classical
crculatory failure developed some days after gastrectomy the adrenal
glands were the site of extensive tuberculous nfection

On the other hand failure to respond may be due to the severity
or the duration of the sumulus or to an individual adrenal incompetence
It has been shown experimentally that under circumstances of profound
shock a variety of changes occur in the adrenal glands including
disappearance of hpoid from the cortex necrosis and hamorrhage
Examples of several of these changes have been encountered 1n other
of the present sertes of deaths but 1nn those we have called the adrenal
deaths the adrenal pathology was the most prominent autopsy finding

The recent demonstration that adrenaline by way of pituitary and
hypothalmic stimulation normally induces an increased production
of the cortical hormones which 1n turn causes a fall in the number of
eosmnophils 1n the circulation has provided us with a possible test of
adrenal efficiency Our own experience of the test has been very
himited 1t appears to have many fallacies but out of 1t there may well
emerge a more acceptable method of detecting the adrenal  weakhing

Post Operative Necrosis of the Intestinal Mucous Membrane —
In 2 panents lethal circulatory fatlure was due to widespread necrosis
of the intestinal mucosa a rare complication of operation

In the first patient a male subject aged 51 partial gastrectomy had
been carried out for duodenal ulcer with stenosis  The operation itself
was not difficult but before it began and immediately after an
tnjectton of pentothal the blood pressure which had been 180/120 on
the previous evening fell rapidly to 70/60 and remained at a persistently
low level throughout the operation and for the succeeding five days
before death  After the second day there was some abdomnal pain
and distension and a considerable quantity of extremely offensive
brownish flud was asprrated through an indwelling duodenal tube
By the fourth post operative day the abdomen was tympamnutic though
bowel sounds were audible  but the blood pressure remamned low and
there were signs of peripheral circulatory faillure  On the day following
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overcome it In each c1se autopsy confirmed the absence of pentonttis
or of a mechanical obstruction , each was vigorously treated by gastric
suction and by flusd and salt replacement but with no attempt to cater
for special electrolyte requircments  In retrospect 1t seems more than
likely that the lethal factor was an uncorrected high grade potassium
deficiency, and, n extenuation, 1t 1s only fair to recall that our apprecia
tion of the importance of potassium 1s of comparatively recent origin

The crculatory collapse following gastrectomy belonged to that
mystertous category of post operative deaths 1in which autopsy fails to
establish a satisfactory explanation, 1t was referred to earlter in this
report

The dangers of too enthusiastic resuscitation were all too evident m
the patient who died following arthrodesis of the knee jomt fo
tuberculosts  Radiological confirmation of the satisfactory posttion
of the bones was sought before the patient was returned to the ward
from the theatre There was some delay in the Radological Depart
ment and when she was eventually put to bed, she was cold and
clammy This was the signal for exposure to the radiant heat of a
cage equipped with a formudable battery of high powered bulbs In
this inferno she lay for some hours death occurred n hyperpyrexia
on the same evening

Acute Adrenal Farlure—On four occasions sudden and rapidly
fatal circulatory collapse was due to acute adrenal failure Our first
expertence of this was in a female cvil servant aged 27 years who
was transferred from the medical division for operation for ulceratsve
colihs  The post operative recovery was satisfactory and the patient
had so far improved that she was allowed up on the twelfth day On
the twentieth day there was a mild attack of enteritis and although her
general condition was not giving rise to anxiety a transfusion was
decided upon largely as a prophylactic A slow blood drip was begun
at 1145 am and at approximately I 15 pm when the transfusion
was almost completed she complained of severe pain 1n the back The

fi was diately stopped but the pain became progressively

more severe and at 2 o clock she suddenly lapsed into unconsciousness
Respirations were laboured and there was facial cyanosis  the
temperature was 100 the pulse rate 130 per munute and the blood
pressure 6o/4o  Every available stimulant was employed tn an attempt
at resuscitation but by 2 30 pm  the pertpheral pulses had disappeared
and the blood pressure was unrecordable Death took place in coma
at 2 am the following morning

At autopsy there was extensive hzzmorrhagic destruction of the
medulla, and to a lesser and patchy extent of the cortex of both adrenal
glands Death was therefore due to circulatory collapse from acute
adrenal failure but the explanation of the massive adrenal hamor
rhages was not obvious A precisely similar syndrome with
hemorrhagic destruction of the adrenals 1s sometimes encountered in
septicemua  (the Freiderich Waterhouse syndrome)

meningococcal
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defiait which results from the destruction of so many mucosal cells
The remarkable recoveries from well managed cholera suggest that
early diagnosts and energetic treatment may avert death and allow
recovery, at least when the mucosal necrosis has not been beyond reparr

This review 1s a record of our faddures It was undertaken primardy
for my own nstruction and that of my colleagues and it may appear
to day to have been too superficial and too discursive It may have
focused attention too sharply on the debit side of the surgical balance
sheet and neglected on the credit side the encouraging conclusion that
when the primary disease 1s not beyond remedy the patient submtting
to operation has better than a fifty to one chance of survival If n
the fullness of ime the danger of pul y embolus can be el i
the post operative liver deaths prevented and the arculation still more
adequately supported in periods of adrenal and metabohie crisis the
surgical hazard may well be reduced even further—virtually indeed to
that which will remain for ever inseparable from the labours of man's
imperfect hand

T must gratefully acknowledge the help and the stmulus of my colleagues Mr
4 J Slessor Mr C W A Falconer \Mir G H D McNaughtand Mr J R §
Paterson 1n the preparation of this report which 1s n fact 1n account of our
uted efforts
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he lapsed into coma and despite transfusions and stmulants the
outcome was fatal

At autopsy the peritoneal cavity was quite free from infection and
the peritoneal coat of the intestine was smooth and ghstening  The
small bowel contained a coprous amount of offensi e fluid, but the most
strihing feature was the appearance of the mucosa Throughout the
small intestine the mucosal surface was more or less completely necrotic,
and m part shed There was Iittle or no mflammatory reaction, and
the muscle coat was normal The mesenteric vessels showed no signs
of obstruction

The second case was also a sequel to gastrectomy this time for a
stomal ulcer 1n a man aged 59 whose general condition on admission
was decidedly poor On the second post operative day he passed 1nto
acute and severe peripheral circulatory failure and despite resusct
tative measures, he died on the third day following operation

The operation 1tself had been without incident  but for a pertod of
about an hour the blood pressure fluctuated between 70 and go mm of
mercury At autopsy there was again no evidence of ntra perrtoneal
wnfection, and the anastomosis was satisfactory  The jejunum and
tleum were umformly distended but the perstoneal surfaces were
smooth and not inflamed When the gut was opened it was obvious
that virtually the whole of the mucous membrane of the intestine had
been shed exposing the submucosa There was again no evidence of
primary vascular damage but histological examination showed an
1ntense necrosts of the mucosa

These cases obviously conformed to a pattern and the chnical
behaviour was very remunsscent of Asiatic cholera In both however
bacteriologscal examination failed to demonstrate arganisms previously
recogmsed as intestinal pathogens and there was nesther perrtonitis
nor mterference with the vascular supply of the small gut

Reports of an essentially simlar complication have appeared from
time to time during the past twenty years mostly though not invariably
after mtesttnal surgery  The absence of any inflammatory reaction
and of infection suggests a vascular mechanism as 1ts basis with wide
spread curtaiiment of the blood flow through the mucous membrane
‘There s some evidence that constriction of the mucosal vessels occur
1n states of shock and 1n each of the present cases there was certamnly
a pertod of hypotension which may have been the precipitating event

Further speculation about 1ts ztrology 15 outwith the scope of this
report It must sutfice to record 1t as one of the rarer comphications of
surgery but one that 1t 15 important to recognise  When 1t has followed
surgery elsew here than 1n the abdomen the promment effect 1s profuse
offensive diarrheea  but  after abdominal operations diarrhcea may
not develop on account of intestinal mtubatton but there 15 gross flud
lo.s by suction The therapeutic indications are obvious theretore
for the cause of the fatal airculatory failure 1s the cataclysmic loss of
fluid and electrolytes and 1 particular the enormous potassum
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development of the carpal bones 15 1n contrast normal and the shape
of the epiphyses relatively normal  The fault 1s apparently a failure
to attain to normal length of bone and 1s confined to the bones which
grow n length by laying down of bone from the eprphyseal plate

A study of the skeleton confirms that the deformities present are
all explamable as due to such a fault There 1s no laying down of
abnormal bone, and no persistence of cartilage rests or fibrous tissue
within bone as 1s seen 1n some of the other dystrophies

A film of the forearm shows that the radws and ulna are shortened
and plump with a heavy cortex The proximal end of ulna shows
enlargement of the olecranon process The bones of the carpus m
contrast are essentially normal

A lateral view of the dorsal spine (Fig 2) shows that the vertebrze
are only shghtly changed the bodies bemng of normal size and shape
There may be narrowing of the spinal canal in 1ts A P diameter due
to a delay or arrest of growth n the vertebral arches In contrast the
humerus 1s short thick and heavy

The pelvis on the other hand shows well marked changes 1t 15
flattened with a kidney shaped inlet an acute lumbosacral angle with
2 protruding sacral promontory and a wide pubic angle These
changes again can be explamned as due to the altered shape of the
mdnidual pelvic bones resulting from an undisturbed periosteal
osstfication while there 1s an arrest of ossification from the epiphyseal
plate The femur 1n this film reveals the shortening of the shaft and
also a typical shortening of the femoral neck which 1s 1 varus position
and the relatively large greater trochanter almost reaching to the
level of the femoral head

The condition 1s achondroplasia a congemtal growth disturbance
m which the essential fault 1s a retardation or an arrest of growth of
the cartilage at the epiphyseal plate leading to a disproportionate
dwarfism with marked shortening of the tubular bones of the extremittes
ncluding the metacarpals and metatarsals  Periosteal bone formation
proceeds normally The ossification from primary centres in the
vertebral bodies and 1n the small bones of the carpus and tarsus proceeds
normally  Ossification within the cartilage of the epiphyses 1s also
undisturbed

The opportumity to study another interesting generahsed affection
of the skeleton arose when 2 patient a young girl aged 13 years
attended complamning of panful lumps m the left hand

Radiographs (Fig 3) reveal that while one hand 15 normal the
affected hand shows m the metaphy ses of the metacarpals and phalanges
areas where normal bone trabeculation 1s replaced by homogeneous
well defined cyst like translucencies which have apparently ongmated
n bone laid down from the epiphyseal plate and have extended at
first endosteally but in other areas through the cortex to present as
masses outwith the normal confine of the bones

Here 1nstead of an arrest 1n growth of bone from the epiphyseal



A REVIEW OF THE RADIOGRAPHIC FEATURES OF SOME
GENERAL AFFECTIONS OF THE SKELETON

By Dr W § SHEARER

IT 15 obviously impossible to discuss all the general bone dystrophtes
or diseases which may be encountered, and I do not propose even to
present 2 list of these, but rather to discuss in some detail a few
examples and to present each case as it was referred to the \ ray
Department to describe the radiographic appearances, and indicate
how a diagnosis was reached In doing so [ hope I may help youn
your approach to the study of thts subject and I may have some
suggestions to make regarding a possible classification or grouping
of some general bone dystrophies

1t very frequently happens that examples of general affections of
the skeleton either bone dystrophies or disease are first mamfested
chnically as a local lesion which causes symptoms either of deformity
or pain  In others the abnormality was first revealed as an incidental
finding during radiographic examination for some unrelated condstion
In either case an intelligent appreciation of the radiographic findings
Ieads to the suspicion of a generalised sheletal affection and further
radiographic examination together with the history and appropnate
biochemical investigation enables us to reach a correct diagnosis

Among the general affections of the skeleton there 1s a group
which can conveniently be classified as those related to abnormality
of growth of bone from the epiphyseal plate I should like to show
a few examples of this group

In December 1948 the Christmas show at the Royal Lyceum
Theatre was Snow White and the Seven Dwarfs One of the
dwarfs Grumpy by name but a very pleasant mtelligent person,
had an accident to his hand and came 1n to the Surgical Out patient
Department A radiograph of his hands showed an obvious fracture
of the first phalanx of the fourth finger on the left side but 1n additton
there 15 an alteration n bone structure which 1s so characteristic that
one can hazard a diagnosis on the appearance of the hands alone
Fig D The trident hand wiath especially pronounced spreading
between the 3rd and 4th fingers ss evident The metacarpals and
phalanges are abnormally short they are plump and broadened The

Read 23rd October 1952

”



RADIOGRAPHIC FEATURES OF THE SKELETON 63

development of the carpal bones 1s, 1n contrast normal and the shape
of the epiphyses relatively normal  The fault 1s apparently a failure
to attain to normal length of bone and 1s confined to the bones which
grow 1n length by laying down of bone from the epiphyseal plate

A study of the skeleton confirms that the deformities present are
all explamable as due to such a fault There 15 no laying down of
abnormal bone and no persistence of cartilage rests or fibrous tissue
within bone as 1s seen 1n some of the other dystropbies

A film of the forearm shows that the radius and ulna are shortened
and plump with 2 heavy cortex The proxtmal end of ulna shows
enlargement of the olecranon process The bones of the carpus m
contrast are essentially normal

A lateral view of the dorsal spine (Fig 2) shows that the vertebrae
are only shightly changed the bodies being of normal size and shape
There may be narrowng of the spinal canal 1n 1ts A P diameter due
to a delay or arrest of growth in the vertebral arches In contrast the
humerus 1s short thick and heavy

The pelvis on the other hand shows well marked changes 1t 1s
flattened with a hidney shaped mlet an acute lumbosacral angle with
a protruding sacral promontory and a wide pubic angle These
changes again can be explained as due to the altered shape of the
mdinidual pelvic bones resulting from an undisturbed periosteal
ossification while there 1s an arrest of ossification from the epiphyseal
plate  The femur 1n this film reveals the shortening of the shaft and
also a typical shortening of the femoral neck which 1s 1n varus positron
and the relatnely large greater trochanter almost reaching to the
level of the femoral head

The condition 1s achondroplasta a congenital growth disturbance
in which the essential fault 1s a retardation or an arrest of growth of
the cartilage at the epiphyseal plate leading to a disproportionate
dwarfism with marked shortening of the tubular bones of the extrenuties
including the metacarpals and metatarsals  Pertosteal bone formatton
proceeds normally The ossification from primary centres 1 the
vertebral bodies and 1n the small bones of the carpus and tarsus proceeds
normally  Ossification within the cartilage of the epiphyses 1s also
undisturbed

The opportunity to study another interesting generalised affection
of the skeleton arose when a patient a young gl aged 13 years
attended complaming of painful lumps in the left hand

Radiographs (Fig 3) reveal that while one hand 15 normal the
affected hand shows in the metaphyses of the metacarpals and phalanges
areas where normal bone trabeculation 1s replaced by homogeneous
well defined cyst ke translucencies which have apparently originated
n bone lard down from the epiphyseal plate and have extended at
fiest endosteally but in other areas through the cortex to present as
asses outwith the normal confine of the bones

Here nstead of an arrest 1n growth of bone from the epiphyseal
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plate there has been a dysplasta—a fault wheremn some tissue other
than bone continues to probferate A radiographic survey of the
rest of the sheleton shows the following changes

In the left humerus (Fig 4) on the lateral aspect of the shaft there
ts an arca extending from the epiphyseal plate to the diaphysis where
normal bene 1s replaced by tissue which 1s partly translucent but
alternates with some trabeculated bone and shows an occasional
rounded structureless calcified node  This mass has extended beyond
the cortex nto the overlying soft tissues  The scapula m this film,
and also 1 an anterior view of the chest shows similar changes involving
maly the vertebral border The demonstration of these changes on
an antertor view of the chest emphasises the necessity for exammation
of the bones in surveying routine chest films

A film of the left femur (Tig 5) shows in the upper end of the shaft
on the inner aspect a well defined mass which agamn has apparently
onginated endosteally and 1s expanding to cause pressure eroston of
the cortex Smaller areas one of which shows dense caleified nodes
are seen lower 1 the shaft

In the tibia (Fig 5) sstmilar defects ate scen and particulardy 1n the
low er metiphysis there 1s an impression of linear columns of translucent
tissue extending in from the epiphyseal plate

The left foot shows changes similar to those already seen in the
hand while the right foot 1s normal The condition 1s an example of
dyschondroplasia and the unilateral distribution conforms to the type
described by Olhier

Before discussing the nature of this dysplasia may I show films of
one other nteresting example ? I am indebted to one of my former
students Dr P Feltham of Wellington New Zealand for films of the
following case which shows a bilateral distribution of the same dysplasia
and which reveals in more detail the charactenstic radiographic
appearances

In both femora (Figs 6 and 7) and to a lesser extent in the tibiz
there 1s complete loss of normal bone trabeculation and 1n place of
this we see many 1rregular strands of bone extending from the epiphyseal
plate mnto an expanded metaphysis Between these trabecul there
are rarefied areas varying in size rounded oval or linear which represent
cartilage and scattered rounded or irregular areas of dense opacity
which represent nodes of calaification m cartilage  These hnear
columns extending \ertically in the metaphysis and the rounded dense
opacities scattered within the area are of primary importance mn the
diagnosis of dyschondroplasta  There 1s a pressure absorption of
cortical bone but there 1s no indication of periosteal reaction or of
new bone formation The contrast between thus abnormal structure
in the metaphyseal area and the normal trabeculation of the epiphysis
® Szkgzﬁe; of films shows the extensive distribution of the disease
a1l four extremuties being mvolved 1 ths case
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A study of the radiographs of these o cases with reference to
the nature of the abnormal radiographic appearances and ther
distribution suggests that the condition 15 essentially a fault 1n growth
of bone affecting matnly the cancellous structure in the region of the
metaphyses and volving bone growing from the epiphyscal plate
The nature of the fault would appear to be that cartilage fails to
develop into bone but remains as columns or urregular masses of
translucent tissue  Within this cartilage small areas may undergo
dystrophic calaification gning a radiographic appearance which s
almost diagnostic

The fault appears i early life and as i any fault which has 1ts
ongmn m the epiphyseal plate the abnormal tissue progresses towards
the diaphysis with the growth i length of the skeleton It 15 of nterest
to note that 1n the cases seen the fault 15 most obvious i the rapidly
growing portions of the bones

The condition may be polyostotic and show a unilateral distribution
as 1 the first case shown or 1t may show a more universal distribution
as 1n the second It may 1n other cases be confined to one Iimb and
almost exclusively monostotic as 1n the following example

A female patient aged 40 was referred with a hustory that thirty
years previously sbe had a chondroma removed from the right ankle
by the late Sir John Fraser This had resulted in a shortening of the
right leg to the extent of half an inch  The film (Fig 8) shows that
1n the metaphyseal areas of the tibia there are bone changes of the
type already seen a number of rounded areas of calcification occurring
within the expanded ph n with the defects giving
an appearance diagnostic of dyschondroplasta  This case might readily
be referred to as a chondroma [ suggest a more mtelligent apprecia
tion of the case 1s to call it a manifestation of dyschondroplasia  That
this 1s so was proved by the occurrence of mimimal but typical changes
of the same type 10 the femur Radiographs of the rest of the skeleton
were essentially negative  Simularly the first case mught be called one

1 poly 1c dyschondroplasta

of ple chond. ta Thed
of unilateral type 1s [ suggest preferable
The third condition which 1 wish to discuss 15 agaimn related to
abnormal growth of bone at the epiphyseo metaphyseal junction
namely physeal aclasis or multsp} As m the conditions
already shown this heredstary fault results from abnormal growth from
the epiphyseal plate In contrast to dyschondroplasia cartilage cells
are not displaced into the ph g to grow as cartilage
but they are displaced laterally and form out growths of cancellous
bone from the metaphyseal margins
Although the fault n this d 1S agam a 1 one
and recognisable 1n early infancy on radiographic exammation 1t 1s
as 2 rule not recognised chinically until puberty when the greatest
growth 1n length of bone occurs and the exostoses are manifested as
palpable lumps sometimes causing pam or hmtting mobility of a joint
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In other cases the condition 15 encountered during examenation for
an unrelated disease  Although the metaphyses of the long bones are
the commonest site and the site where the appearances can best be
studied radiographically, the condition also involves the pelvis scapule
and ribs and may first be noticed on radiographs of the chest
The case illustrated 1s such an example A lad of 20 years was
referred for a radiograph of the chest with clinical suspicion of tuber
culosis  The film (Fig 9) showed an area of infiltration which proved
to be tuberculous In addition, however the film showed small
exostoses related to the vertebral border of the scapulz on both sides
and 1mvolving the antenior ends of the ribs
A film of the knees (Fig 10) shows the typical appearance of
metaphyseal aclasts There are seen out growths of cancellous bone
covered by a layer of cortical bone extending from the shaft near the
epiphysec metaphyseal junction The cancellous bone of the shaft 1s
continuous with that of the exostoses, and the condition has been
aptly described as a protrusion of cancellous bone At the apex of
the exostoses there 1s a cap of cartilage which ts not visible radio
graphically except when 1t 1s calafied The cap 1s covered also by
cortical bone The site of insertion or protrusion of the exostoses
may present a narrow or broad base  Asin the case of dyschondroplasia
already studied the number and size of those exostoses parallel the
rapidity of growth of bone—hence the knee 1s a convement area to
study In the larger lesions there may be associated deformuty of the
adyacent bone from pressure erosion and there ts usually some alteration
m the shape of the metaphysis—a degree of expansion or clubbing
due to the underlymng fault 1n growth of bone from the epiphyseal
plate  This 1s well 1llustrated 1n a film of the pelvis (Fig 11) of this
same case and 1t 15 well to recall that the presence of even a relatively
small exostosis extending nto the pelvis may be of serious significance
1 the female
The exostoses usually cease to grow when the epiphyses fuse but
lly esther the or more often the cartilage continues
to grow as a local chondroma which may exhibit mahgnant changes
to a chondro sarcoma
The radiographic appearances 1n this condition are so well defined
that the problem of differential diagnosis rarely arises The only
difficulty might be 1n relation to a solitary exostosts 1s this 2 mono
stotic mantfestation of metaphyseal aclasis or 1s 1t a simple tumour ?
The answer might be given by a careful study of the famuly pedigree
So far we have seen a condition where the essentral fault 1s 2 delay
or arrest m growth of bone from the epiphyseal plate one where
cartilage fails to develop to normal bone but presents as cartilage
growing endosteally and one where cartilage cells are displaced from
the epiphyseal plate laterally and form bone outside the normal confines
of the metaphysis I should ltke now to show two cases of a disease
where the condition 15 partly due to a laying down of abnormal bone
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from the epiphyseal plate—osteopetrosis or Albers Schonberg s diseise
In this rare inhenited disease the abnormality 15 not confined to the
bone growing from the epiphyseal plate the condition volves the
whole sheleton including the membrane bones of the vault of the
skull but 1n regard to the long, bones the distribution of the abnormal
bone 1n relation to the epiphyseal plates 1s readily demonstrated radio
graphically We had the opportumity of studying two cases of this
disease the condition occurring 1n a mother and child and sllustrating
the hereditary factor

The child when first referred for X ray examunation was under
the carc of Dr John Thomson pzdiatrician to the Royal Blind Asylum
The child showed a degree of retarded mental deselopment and there
was bilateral optic atrophy  There was no chimcal evidence of hepato-

megaly or spl galy and of the blood did not show
evidence of anzmia as frequently mamifested 1n severe forms of this
disease  Radiographic mvestig d ated Ily well how

the abnormal bone 1s faid down n Jayers and also the occurrence of a
temporary remussion 1n the discase process
A film of the pelvis and lower imbs at 9 months of age (Fig 12)
shows the dense petrosed bone with in the metaphyses alternating
bands of dense abnormal bone and relatively normal bone  There
15 a degree of clubbing of the ends of the long bones  In the epiphyses
and also 1n the 1hac bones of the pelvis the characteristic dense bands
are again apparent
A more extensive skeletal survey at the age of 14 months showed
{Fig 13) 1in the imbs that in the intervening period relatively normal
bone had been laid down and the dense petrosed bands are now
passing towards the diaphysis  This temporary remussion of the disease
1s also apparent in the epiphyses and 1n the metacarpals where the
petrosed bone shows as a central density surrounded by bone of normal
structure It 15 of interest to note that the tendency to clubbing of
the metaphyses 15 also less marked during this petiod when normal
bone 1s being laid down
A lateral view of the spine (Fig 14) shows 1n each vertebral body a
central dense area of petrosed bone surrounded by normal bone This
15 1 contrast to the appearances described in some published cases
where the features are a peripheral density surrounding the central
normal area  Presumably the appearances depend on the phase at
which the patient 15 examined
A further opportunity to examme this patient arese four months
later when he developed a fracture of the lower third of radiws  The
fitms (F1g, 13) reveal the straight transverse nature of the fracture
apparently occumning through a layer of petrosed bone or at the junction
with a normal layer
Unfoﬂ}mm‘y this patient died shortly afterwards from an inter
current tnfection and we were not given a chance to follow up what
would have been a very interesting study
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A survey of the skeleton of the mother showed evidence of a diffuse
osteopetrosts  She was a symptomatic and quite unaware of any
abnormality A film of the pelvis (Fig 16) shows petrosed bone with
the typical zones or layers parallel to the ihac crests and a degree of
expanston of the pubic segments corresponding to the expansion which
occurs 1n the metaphyseal ends of the long bones

DysFiBROPLASIA

There are many affections of the skel esther localsed or multipl

p
lestons 1n which the essential feature 1s a fibrosis or a fibrous dysplasia
where the normal trabeculated bone structure 1s replaced by fibrous
tissue showing a homogeneous appearance on radiographic examina
tion and a varying degree of associated sclerosis and cystic changes
These lesions do not show chmically, radiographically or on patho
logical examination evidence of an inflammatory process and the
term osteitss 1s a musnomer The term dysfibroplasia 1s 2 better one
and 1n 1ts widest grouping mught be taken to include such local Jestons
as bone cysts monostotic mamfestations of fibrous dysplasia and
perhaps grant cell tumours and multiple lestons such as polyostotic
fibrous dysplasta hyperparathyroidism and perhaps even Pagets
disease of bone

Of this group I should like to show first an example of dysfibroplasia
of the polyostotic type which was associated with areas of pigmentation
1n shin and precoctous puberty giving the so called Albright s Syndrome

Although the condition had been present since early childhood 1t
was not manifested clinically until the age of 14 years when the girl
developed pain 1n the left hip with a hmp and was referred for
evarmnation as a suspected tuberculous disease of the jomt The
film taken at that time showed normal articular surfaces of the hip
jomnt but there was a marked coxa vara due apparently to a patho
logical fracture through a cystic area n the neck of the femur Some
alteration 1n the architecture of the shaft was also noted Examation
of the skeleton at that time revealed that the condition was part of a
generalised affection and a diagnosis of polyostotic fibrous dysplasia
was made

The films were taken 1n 1951 when the patient was 17 years of age
The earliest manifestation of dysfibroplasia in these films (Fig 17) 15
probably best seen m the lower third of the shaft of the left fibula
where there 1s a fusiform area of homog density repl the
normal bone structure This probably started as a small area in the
cortex which has slowly increased in size causing pressure erosion
and a diffuse expansion In published cases of this condition such
early lestons have been noted when they were only a few mms 1n
diameter It should be appreciated that there 1s no evidence of

pertosteal reaction as in an inflammatory process In the tibia the
appearances are those of a more advanced stage Here there 15 a
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degree of widening of the shaft as a result of the hyperplastic process
extending within the medullary canal and there 1s a degree of sclerosis
There 1s still no evidence of periosteal new bone formation
In the nght humerus (Fig 18) in the lower shaft there 1s agam a
fustform area of loss of normal bone trabeculation associated with
some local expansion of the cortex and exhibiting at 1ts upper margin
2 well defined termiation which 1s characterisie  In the left humerus
the cortical lesions are associated with some sclerosis
It 1s of fundamental importance to note that the bone structure m
the uninvolved areas 1s essentially normal i contrast to the generalised
osteoporosis of hyperparathyrotdism
It 1s well also to contrast the appearances with those of dyschondro
plasta with which the di 15 fused The mam
pomts of differentiation radiographically are the ongin of dyschondro
plasia 1n the cancellous bone of the physis 1n contrast to mvolie
ment of the cortical bone and the shafts i dysfibroplasia  The local
lesions 1n dysfibroplasia show a homogeneous ground glass appear
ance with a varying degree of sclerosts or cystic changes in contrast
to the trabeculated appearance of dyschondroplasia and the small
rounded areas of calcification which are so typical
The left femur (Fig 19) shows a relatiely advanced stage of the
disease an obvious coxa vara with a healing fracture some cyst like
expansion of the bone in the region of the greater trochanter and
mvolvement of the shaft with some sclerosis
A feature of dysfibroplasa 1s a varying degree of sclerosis assouiated
with the disease  In cancellous bone with relatively httle resistance to
the advancing process there 1s less tendency to sclerosts and more to
<cyst formation whereas 1n cortical bone and particularly 1n the bones
of the base of the skull the outstanding feature 1s dense sclerosis A
lateral view of the skull (Fig 20} mn this case showed changes typical
of dysfibroplasia These are most marked 1n the base where there 1s
a dense hypertrophic sclerosts mvolving both the anterior and muiddle
fossa with dense bone surrounding the pitwtary fossa  There are
also a few small translucencies 1n the vault in the frontal and partetal
areas
In the skull the changes were more marked on the left side though
not stnctly unilateral and the involvement of the limbs although
mainly left stded was not stnctly unilateral as 1n many of the recorded
cases of Albright s Syndrome
An opportunity to study the radiographic features of hyperpara
thyrordism—a generalised osteitis fibro cystica or I prefer the term a
generalised dysfibroplasia with decalctfication of the skeleton arose
recently i a patient admutted to the Royal Infirmary under the care
of Mr Quarry Wood This case a female aged 41 years showed
distinctive radiographic findings i the sheleton the renal tract the
neck and the mediastinum
In regard to the skeletal changes the tendency has been in the
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past to describe the appearances in the advanced stages of this disease
but 1t 1s 1mportant to stress the findings in the early cases since the
condition which 15 due 1o over activity of the parathyroid glands
usually associated with adenoma, responds to the appropriate surgical
treatment T would stress this by suggesting that in a patient with
localised cystic changes or fibrous dysplasia 1n bone associated with a
degree of decalcification of the sheleton the possibility of an underlying
parathyroid adenoma should always be considered and the appropriate
climieal radiographic and biochemical investigation carned out

This patient was referred in September 1951 for \ ray examination
of the right leg with a provisional diagnosis of chronic osteomyelitis
The films (Fig 21) revealed two oval areas of hone destruction m the
ruddle third of the shaft of the tibia  These showed a well-defined
margin with no reactive change in the adjacent bone or periosteum
There 15 also a degree of osteoporosis as evidenced by a thinming of
cortical bone and a wideming of the trabecular spaces

The appearances did not conform to those of an inflammatory
process The radiographic diagnosis at this stage lay between dys-
fibroplasia and tumour of osteolytic type Exammation of the nght
humerus showed a well defined area in the upper part ot the shaft
having the characteristic appearance of a fibrous dysplasia  a similar
less well defined area was seen i thenight femur  On these appearances
a dragnosis of hyperparathyroidism was suggested and further examina-
tion carried out

The skull (Fig 22) showed a diffuse stippled osteoporosis of the
vault an appearance which when once appreciated 1s so characteristic
as 1o be almost diagnostic of the osteopotosts of hyperparathyroidism
The film also shows an advanced calafication of the choroid plexus of
the lateral ventricles

Examnation of the nech and chest showed a soft tissue mass
displacing the trachea forwards and shghtly to the left of the rud line
at the lower cervical level, and a further mass to the nght of the
trachea at the level of the second and third dorsal vertebrz The
shape of this mass did not conform to enlarged thyrmd and 1t was
suggested that it was due to a parathyroid adenoma  The ribs and
the bones of the shoulder girdle show ed evidence of a diffuse osteoporosts

Straight films of the renal areas (Fig 23) showed 1n addition to
evidence of o teoporosis of the spine and pelvis bilateral renal caleult
which by their size must be 1n hydronephrotic kidneys and mn virtue
of their shape must be 1n kidneys which have failed to rotate and are
at the same level suggesting a congemtal fusion of the nature of a
horse shoe hidney

On the strength of the radiographic findings alone 1t was thus
possible this case to make 2 confident diagnosis of hyperpara
thyvroidism causing 2 diffuse generalised skeletal osteoporosis plus
dvsfibroplasia assoctated with bilateral renal caleuls mn 2 horse shoe
Ludney and due to 2 parathyrord adenoma It 1s not often that a
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radiologist 1s 1 a positton to make such a confident and complete
diagnosis

1 am indebted to Mr Quarry Wood for further notes of this case
Biochemical tests carried out on 11 12 §1 gave results which confirmed
the diagnosis of hyperparathyroidism  The serum caleum at that
time was 16 4 mgm percent  On 21 12 51 Mr Quarry Wood operated
and removed three parathyrord adenomas the total weight of the
parathyroid tumours being 71 gm  The post operative progress was
satisfactory and subsequent biochemical examination showed for
example on 27 12 51 serum calcium of 9 6 mgm per cent  Subsequent
X ray examination shows similar satisfactory progress A film of the
mvolved leg (Fig 24) taken on 310 52 shows that there has been
considerable bone regeneration surrounding the local lesion 1n the
tibta and also that the general texture of the bone 1s approaching
normal 1n contrast to the generalised osteoporosis previously seen

These examples of general affections of the skeleton form as I
indicated at the beginning only a small sectron of a very large group
of dystrophies and diseases

May I in conclusion try to draw from these examples some sugges
tions as to the method you should adopt 1n the study of radiographs in
such cases

If a bone lesion as seen radiographically does not show reactive
<hange 1n the adjacent bone or periosteum which suggests an mflam
matory process or the mvasive character of a neoplastic process you
should then have 11 mind the posstbility of a dsplasia  Study then
the local 181t lving primarily pt I bone or does 1t
as in some conditions outside the group we have studied to day nvolve
only the epiphyses or only the small bones? Study then the nature
of the abnormal process Is 1t merely an arrest of growth does the
appearance suggest a cartilage dysplasia or 2 fibrous dysplasia ?
Then proceed to carry out a survey of the skeleton to show the distribu
tion of the abnormal bone Do not forget to note whether the condition
15 associated with a generalised osteoporosis or whether bone apart from
the involved area 1s normal Then consider the findings in relation
to the full history and chnical examunation as well as brochemical
blood analysis  Having done this I think you will at least make an
ntelligent approach to the correct diagnosts and will usually reach a
satisfactory conclusion




THE CLINICAL AND CYTOLOGICAL INVESTIGATION
OF PLEURAL EFFUSION

By R F ROBERTSON MD TRCPE MRCP

BY far the commonest type of pleural effuston seen 1n the wards of a
general hospital 1s the so called post primary tuberculous pleural
effusion 1n the young adult although the commonest 1t 15 the type
about which I propose to say the least The chimical picture with
sudden onset of pleuritic pain followed by toxzmia and the rapid
development of clear pleural flud 1s usually so typical that no other
diagnosts need be considered In the average case, investigation can
be Iimited to a diagnostic aspiration confirming the presence of a
clear sterile fluild and the performance of routme BSR and X ray
of chest It has always seemed to me that biochemical examination
of the flud and special culture of the fluid for tubercle bacill are
largely a waste of materials in this type of case since whatever the
results of such investigations the diagnosis prognosis and treatment
remain the same There 1s however one pomt concerning the young
adult requirtng discussion  Available evidence suggests that the
typical post primary tuberculous effusion occurs some months after
2 primary tuberculous infection  For this reason the primary complex
1n the lung and hilar glands may be in the process of healing at the
time of the effusion and may therefore be an inconspicuous part of the
chmcal and radiological picture In only 8 of 76 consecutive cases
investigated from this point of view was there radiological evidence
of a primary complex—n 2 of the 8 both pulmonary and glandular
components were vistble in the remaming 6 only the glandular
component was wvisible  As far as the pulmonary component 1s con-
cerned spontaneous healing 1s the rule and no special mnvestigation
15 required apart from more frequent sertal X rays for the early
detection of possible local progression  As far as the glandular com-
ponent 1s concerned spontaneous healing 1s again the rule although
m theory trouble may anse from bronchial compression causing
pulmonary atelectasis / In the presence of pleural flud and hilar
adenopathy 1 should be p d if there 1s radiologcal
evidence of mediastinal shift towards the side of the flud In this
event bronchoscopy 1s probably indicated to investigate the possibility
of bronchial obstructton and if present 1ts nature and extent In
only 1 of the § cases in my series g a glandul p
radiologrcally was ! P d and bronct y performed
Even then no bronchial obstruction was found It 1s therefore clear

Read 3oth October 195
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that bronchoscopy has only a munor role to play mn the investigation
of primary tuberculous effusion 1n the young adult in whom unlke
the child with similar enlargement of hilar glands the broncht are
sufficiently large in calibre to withstand a considerable amount of
compression without actual occlusion tahing place

In older patients—and I have chosen the age of 40 as a conventent
dividing line—an apparently primary pleural effusion t¢ an effusion
not due to obvious disease 1n the lungs heart or elsewhere presents
a much greater problem 1n diagnosis because of the lessening incidence
of tuberculosis and the mereasing inaidence of malignant disease
In this connection I would like to emphasise that in older patiénts
primary tuberculous effuston 1s not so rare as one might think  Table I
illustrates some statistical information which I have collected dunng

TABLE 1

Age Distribution of 36 Cases of Primary Tuberculous
Plenral Effusion

Ag (vean) No. fCases, ’ Pereent,
Under zo 16 ! s14
20-29 66 ' 280
3639 20 E
4049 1 ] ! s :]

0 59
b i K T
Pt 1 a},

the past five years and refers to the age distribution of 236 consecutive
cases of primary tuberculous effuston observed in the Royal Infirmary
of Edinburgh It can be seen that 24 or 10 1 per cent occurred m
the over 40 age group Dunng the same pertod of five years 1n the
mudst of numerous cases of obvious malignant disease complicated by
effusion T have encountered 1n the over 40 age group 24 cases of
effusion which subsequently proved to be due to malignant disease of
the lung or elsewhere but which mitially had to be classtfied as prnimary
n type—z ¢ zticlogy unknown

Hauing thus obtaned 1n this age group two comparable series of
cases of equal numbers one sertes tuberculous and the other mahgnant
I thought that it would be mstructive from the pomnt of view of
dfferentral diagnosts to analyse certamn of the clinical features  Table IT
mndicates the help which may be obtained from a study of the
temperature chart during the first week 1n hospital  The figures are
self explanatory A munor degree of pyrexia 15 common to both
neoplastic and tuberculous patients  The 3 neoplastic patients with
major pyrewa require further comment 1 proved to have deposits
of malignant melanoma 1n the lungs from an undetermmed primary
site 2 proved to have bronchial carcinoma and i 1 of those further
observation of the temperature chart showed a Pel Ebstemn tvpe of
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pyrexta  Bronchial carcinoma may of course cause pyrexia by virtue
of 1nfl ¥ iplications— lung abscess bronch:
ectasts empyema 1n those 2 cases however, there was no obvious
evidence of such complications Presumably the pyrexia was due to
the tumour per se

TABLE I

Pleural Effuston 1n Patients over 40 Years of Age
Pyrexia durtng First Week tn Hosprtal

Ultate Kticlogy

Deg Py a
Neoplast ( ¢ C ses) Tubercul 3{ 4 Case )

Nl 18 2
Occasional to g9 F 3 5
Regular to 100 F or over 3 17

In Table I11 some other important features are compared  Typtcal
sharp stabbing pleuritic pamn 1s commonly absent from the history
of the malignant case or, when present 1s a transient phenomenon
which the patient may not recall unless he 1s encouraged to do so

TABLE III

Pleural Effuston in Patients orer 40 Vears of Age
Some Important Clinscal Features

Ulmt &t tgy
Chn al Feat

‘ Neopl t (4Case} | Tb cle (4C ses)
Pan—Typical pleuntic ! y 7
iy 2 o
Aching. 1 T
Anginal 1 o
Vague abdominal 1 o
None Iz 6
Heemoptysis 3 °
Finger clubbing I3 °
Fhud blood stamed 10 T
Rapid recurrence of fluid after aspiration i 10 o

Possibly this 15 because the raptd formation of flud 1n malignant
dsease causes early and rapid separation of the parietal and visceral
layers of pleura Instead of pleuritic pain the malignant case may
have a particularly unpleasant boring pamn which goes on most
even after the formation of a large effusion  this 1s
vasion of nerves and 1s never observed 1n tuberculosts
ccurred n 6 malignant cases all of which proved
Blood stamung of the fluid on mitial

significantly
probably due to 1
Finger clubbing o
to have a bronchial carcinoma
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aspiration 1s of course highly suggestive of neoplasm but as 1s
well known may also occur in the occastonal case of tuberculosts
More 1mportant 1s the rapid recurrence of flud after aspiration—
filing up of the pleural cawtyn the space of twenty four hours
or less

Apart from the clintcal features analysed 1n the tables reference
must be made to the state of health of patients in the few months
preceding the pleural epssode necessitating admission to hospital
With only one exception the tuberculous patients would not admit
to any manifestation of 1ill health leading up as 1t were to the final
illness  this patient complamned of vague malaise In contrast of
the 24 neoplastic patients 19 had complained of ill health of some
kind  In the bronchial carcinoma group the complaints were of
cough dyspneea on exertion  influenza  rmld pneumomia obscure
malaise with slight fever and vague discomfort in the affected stde of
the chest In the other carcinoma group the mamn complamt
was of weight loss although dyspncea on exertion easy fatigue and
dyspepsia were also mentioned From those details a general principle
emerges 1n the older person 2s in the young adult primary tuber
culous effuston 15 usually not preceded by a perrod of 11l health forming
m this respect a marhed contrast to neoplasttc effusion

By assessment of those relatively simple chmcal points during the
patient s first week 1n a medical ward and by cytological study of
the fluxd 1t 1s usually possible even when the chest \ ray 1s unhelpful
to decide whether the weight of evidence favours neoplasm or tuber
culosis  If neoplasm 1s favoured further investigation by means of
bronchoscopy thoracoscopy and thorascopic bropsy 1s clearly indicated
and so the patient should be transferred to a thoracic surgery umit
without delay If tuberculosis 1s favoured surgrcal mvestigation
should be withheld or at least delayed Primary tuberculous effusion
1 the older person 1s a potentally grave condition probably menting
immediate treatment with modern anti tuberculosis drugs A course
of streptomycin and P A S should be instituted and 1ts effect on the
clinical state especially the pyrexia observed Response of pyrexia
1s hughly suggestive of a tuberculous ztiology and would justify the
future management of the patient as such

I have purposely delayed reference to searching for the tubercle
bacillus m this problem type of pleural effusion so that I mught avord
over estimating its importance  As you know a patient with a primary
tuberculous effusion does harbour tubercle bacilli 1 the fluid and even
occastonally in the sputum or gastric juice but such bacilli are so
scanty that direct examination fails to reveal them Special culture 1s
therefore required with the disadvantage of at least four weeks delay
before the result 1s known Since mn the majority of cases other
means of mvestigation will have solved the diagnostic problem in
less than four weeks 1t may be asked if spectal search for tubercle
bacilli 1s worth while I think that 1t 1s worth while in that a positive
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report from the bacteriologist, belated as 1t 15, may provide the diagnosts
n a case which has resisted all other methods In this connection I
would suggest that if the search for tubercle bacill 1s to be made at
all 1t must be made with a thoroughness which will give at least a
reasonable percentage of positive results If as 1s commonly done
only one specimen tube of fluid (10 cc) 1s sent to the bactertologist
for inoculation on to one Lowenstemn Jensen slope the percentage
posttive 1s only 16 per cent If on the other hand 10 Lowensten
Jensen slopes are lated from 10 sp tubes of flurd the
percentage rises to the more reasonable figure of 52 per cent Simular
considerations apply to sputum and gastric juice Some workers
believe that the biochermst by estimating the glucose and perhaps
the chlonde content of pleural flud, can be of more help than the
bacteriologist 1n differentiating malignant and tuberculous disease,
my own experience of this means of investigation 1s limted but
suggests that the findings are too variable to be of much assistance

The Mantoux test 15 also of imited value 1n older people Needless
to say, a positive test—the usual finding: of no sig while
a negative test unless remaming negative on constant repetifton
does not exclude with certainty an active tuberculous infection

I now come to a problem best illustrated by reference to one
particular pattent and his X rays This man, aged 46 developed 2
left pleural effusion following operation for a perforated duodenal
ulcer the chest X ray was said to show mflammatory changes 1n
the lungs 1n additien to the effusion but antibiotic therapy had little
effect  Diagnostic aspiration revealed a clear serous fluid with proten
content of 1 gm per 1oomils E CG showed a myocardral mfarction
involving the left ventricle and corresponding 1n age to the date of
the operation although at no time had the history or chnical examina
tion suggested this diagnosis Admumstration of a mercurial duretic
caused rapid reduction n size of the effusion and clearing of the
edematc t 1nfl tory—changes 1n the lungs This case
and others similar have led me to believe that a pleural transudate
due to left ventricular failure especially when a  silent myocardial
infarction has occurred may present unusual features It should be
remembered that the protein content of a cardiac transudate 1s not
always low probably because protem 1s added from superimposed
inflammatory changes Hence i a puzzhing case of effuston whether
or not the protemn content 1s low 1t 1s worth having an ECG and
even more mmportant giving a mercurial diuretic as a therapeutic

test
Pleural effusion due to pulmonary infarction 1s usually small m

size When large however 1t may cause a diagnostic problem because
of the close resemblance of many of the features—e g hzmoptysis
blood stainng of flud—to those of malignant disease especially
bronchial carcnoma  Further the cytology of infarction flud 15
such that a false positive diagnosis of malignancy s made more often
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than on any other non mahgnant fluid It 1s always helpful in diagnosis
to find a venous or cardiac leston which could be the site of ongin
for the causative embolus Even i this connection difficulty may
arise since thrombo phlebitis of the leg vems may be secondary to
malignant disease with effuston  In some cases only the satisfactory
progress of the patient on ant: coagulant therapy will clanfy the
position

Since the introduction of chemo and antibiotic therapy for bacterial
pneumonia a new type of pleural effusion has appeared to trouble
the physician from the diagnostic paint of view Tius 15 the clear
sterile post pneumontc effusion which has to some extent replaced
the more easily diagnosed frank empyema  As far as hospital practice
1s concerned a pauent with this type 6f effusion 1s commonly seen for
the first time about two weeks after the onset of his illness—~z ¢ when
the general practitioner having admimistered an adequate course of

Iph de andfor p 1lin 1s disappornted to find that the dullness

in the chest 1s persisting or increasing and has begun to suspect
empyema mneoplasm or tuberculosis  In such a case having excluded
frank empyema by a diagnostic aspiration the phystcian should keep
one simple rule tn mind viz a post pneumonic clear effusion cannot be
diagnosed with any confidence unless residual signs of lung consolida
tion can be elictted at the time of investigation  Fortunately from
this point of view a post pneumonic effuston is commonly not large
enough to obscure radiological evid of a resolving p
or the coarse crepitations which may well be heard over the affected
Iobe even when imnvestigation 1s delayed If no evidence of resolving
lung lid can be d d clinically or radiologically the
effuston should be regarded as tuberculous or malignant until proved
otherwise I wish to mmmise the 1mportance of the cytology of the
flud 1n the investigation of this problem for the following reasons
a polymorph exudate although commonly found 1n a post pneumonic
effusion may occur 1n fluids due to other causes conversely a lympho
cytic exudate 15 not m a post p effusion

As an 1ntroduction to another type of pleurisy with effusion I
would like to describe briefly the case of a female patient aged 39
wha was first admatted to hospstal 1n February 1948  For the previous
eighteen months she had complamed of vague aches i numerous
Jownts but ten days before admisston had developed an acute left
pleurisy with 2 high temperature which had subsided prior to admussion
Five days after admussion she developed an acute febrile nght pleurisy
which went on to effusion the flud being clear and serous sterile on
culture and with a lymphocytic exudate She remained m hospital
for 7 weeks during which time the effusion slowly absorbed There
was nothing 1n the chnical or radiologreal picture to suggest a dragnosts
other than tuberculous pleurtsy with effusion although the history

of vague joint pamns and the onset with consecutive left and nght
pleurisy were considered a little unusual

The patient was not seen



78 R F ROBERTSON\

agamn until more than a year later  She had kept well during that
time apart from muld dyspncea on exertion but had recently developed
fever with bilateral pleuriic pamn and once again vague pans n the
jomts  Climical and radiological examination revealed small effusions
in both pleural caviies  Following readmussion to hospral she
became serously 1l with a high temperature and eventually died m
coma  Autopsy showed not as expected mlary tuberculosis but
the vascular, renal and cardiac lesions typical of acute disseminated
lupus erythematosus This case tllustrates that lupus erythematosus
may exist and indeed prove fatal in the absence of many of the

text book  clintcal features and more important from our pomt
of view, that 1t may begin with a febrile pleuntsy progressing to effusion
m a manner tdentical to a post pnmary tuberculous pleurisvy  You
will recall that the patient complained of vague joint pains both before
and during her episodes of pleurisy Jomnt pains are common 1
lupus erythematosus bemng due to the arthritic part of the disease
but they may also occur with a primary tuberculous infection  Sheldon
and others refer to this phenomenon as  tuberculous *heumatism
and believe that 1t 15 an allergic reaction 1n the jonts There 1s |
think no doubt that tuberculous rheumatism exists but 1t 1s extremely
rare m the adult Therefore 1t would seem wise when presented with
acute febrile pleurisy and arthralgia i an adult to think of a tuber
culous wtiology but at the same time to observe most closely for the
other ations of d; d lupus erythematosus

Having mentioned one of the collagen diseases I now come to

another—viz rheumatic fever and with 1t the problem of whether or
not there ewsts the entity of rheumatic pleural effusion In the past
five years I have been ashed to see only three cases in which this diagnosts
had received serious consideratton In the first a typical case of
rheumatic fever there was marked dullness at the left Jung base but
a diagnostic tap failed to reveal fluid and 1t subsequently became clear
that the dullness was due to collapse or compression of the left lower
lobe secondary to pericarditis  In the second also a typical case of
rheumatic fever with pericarditis there was dullness at both lung
bases bilateral diagnostic aspiration showed fluid with a very low
protewn content and I have no doubt that the effusions were transudates
secondary to cardiac embarrassment In the remamming case the
presenting 1llness was pertcarditis with vague jomnt pamns followed 1n
a few weeks by acute pleurisy with effusion  a tentative diagnosis of
rheumatic pericarditis and rheumatic pleurtsy was made but sub
sequently the patient developed pulmonary and spinal tuberculosis
there 15 therefore no doubt that both the origmal pericarditis and the
pleurisy were tuberculous 1n origin and that the jomnt pains were part
of the syndrome of tuberculous rheumatism I would not like to say
that rheumatic pleural effusion does not exist but the ava:lable evidence
suggests that 1t 15 a diagnosis w hich should not be lightly made until
the possible fallactes have been excluded At this point 1t 1s comventent
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to mention erythema nodosum about which the old argument tuber
culous versus rheumatic stll goes on I do not propose to enter the
argument save to say this 1f erythema nodosum and pleunssy with
effusion co exsst and occasonally they do the mtiology 1s tuberculous
and not rheumatic
1 would like to discuss briefly pleural effuston 1 relation to those
diseases which are commonly grouped under the broad term
reticulosis In the first place 1t should be emphasised that with
the notanle exception of acute leuhzerma which may begin as an acute
pleunssy with effusion pleural flud due to a reticulosss 1s unlikely to
present an ztiological problem since for practical purposes 1t 15 a
complication occurring late 1n the course of a previously diagnosed
and climcally obvious case Even so 1t 15 interesting to note that
pleural effusion 1s rare m lymphosarcoma and Hodghins disease
but 15 not uncommon 1 Bnll Symmer s Disease (lymphoid follict lar
reticulosis) Hence the presence of pleural effusion 1n a patient with
the features of a reticuloss 1s of some slight help in diagnosing the

type of reticulosis .

CYTOLOGICAL INVESTIGATION

Although cytological examination of pleural flmd may in some
cases require the services of a skilled pathologist the chmcian should
not on this account be deterred from doing a smmple cvtological study
on every case in his own sideroom Ten cc of the flud prevented
from clotting by the addition of 0 § c¢ of 3 8 per cent sodum citrate
1s required  On this specimen 2 total cell count may be done ustng
the same apparatus and techmque as for 2 white blood count but
on the whole the actual cell count 1s of practically no value in differ
ential diagnosis and can therefore be ormtted The specimen should
bu centrifuged at moderate speed for five minutes and the deposit
spread thinly on a glass shde and fixed by heat The film of cells so
obtamed 1s best stained by Leishman s stain using precisely the same
techmique as that for 2 blood film By this ssmple and rapid procedure,
a study can be made of the distribution of polymorphs lymphocytes
and serosal cells but I would Iike to emphasise at this point that a
Lesshman film 1s of no value m the recognition of malignant cells
which do not stain with sufficient detail to enable them to be differ-
entiated with certainty from serosal cells

Since the origmnal work of Widal and Ravaut in 1600 1t has been
accepted and taught that in pleural flud predominant lymphocytes
mean tuberculosis predominant polymorphs mean simple inflammation
and predormnant serosal cells mean a mechamcal cause such as
malignancy cardac faillure or pulmonary infarction While 1 2
general sense this classical teaching 15 correct exceptions and mived
cell pictures occur so frequently that in the individual case care should
be taken not to draw unustifiable conclusions Having studied 146
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serous pleural fluids of varied ztiology, I have come to the following
conclusions —

1 Serosal cells provide, albett i a limited number of cases the
most certain help m diagnosis—

(4) a count of over 80 per cent occurred only 1n neoplastic fluds
of which a reasonably high proportion (7 out of 2g) showed
this finding

(8) a count of over 60 per cent occurred only n neoplastic fluids
and transudates

(¢) a count of over 50 per cent still occurred mainly 1n neoplastic
fluds and transudates but at this level the presence of a
single tuberculous fluid indicated that the critical pomt
had been passed

2 Lymphocytes are of httle diagnostic value wn the indivdual
case  Although a count of over go per cent 1s strongly 1n favour of
tuberculosts the 1 case of neoplasm, tr date and even
simple inflammation may fall within this percentage Lowermng the
figure 1 a Imited manner to 80 per cent brings tn an apprectable
number of neoplastic fluids

3 Polymorphs require careful interpretation A count of over
90 per cent while favouring simple 1nfl can Iy
occur 1n tuberculosis In my series @ count of over 30 per cent
indicated simple inflammation or tuberculosis and did not oceur in
neoplasm, transudate or infarct It should be kept :n mnd, howeser
that a bronchial neopl may be compl. d by simple infl T
of the lung and pleura hence if on other grounds tuberculosis 15
considered unlikely a polymorph count of over 50 per cent can be
attributed to simple inflammation with the proviso that there may be
a neoplastic background

PLEURAL EOSINOPHILIA

In any Leishman film of pleural fluid a very occastonal eosinophil
possibly derived from extravasated blood may be observed but m
rare cases at least 50 per cent of the cells may be eosinophls This
phenomenon 1s termed pleural eosmnophtha In the cytological
examnation of 253 fluids I have encountered pleural eosinophilia on
8 occasions an mcidence of 3 2 per cent Table IV gives essential
information about the § cases It 1s observed that m all the eosinophil
content was over 50 per cent reaching a maxumum of 82 per cent
imncase 5 In no case was there associated eosinophtlia 1n the peripheral
blood, a fact suggesting that the pleural eosmophilta was local mn
origin With regard to ztiology the presence of 3 cases of pulmonary
infarction 1s of great interest and importance but perhaps more
significant s the absence of neoplasm and proved tuberculosis It
has been suggested in the past that pleural eosinophilia 1s due to the
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presence of blood 1n the fid  Table IV shows that this cannot be
the only explanation
Although I have not personally encountered such a case pleural

philia may be d with blood eosinophilia in hydatid
disease Hodgkins Disease and the group of condittons known as
eosmnophthe lung®  Hence from the practical point of view the

finding of pleural eosinophiha may help the chimician as follows —
1f blood eosinophilia co exists with pleural eosinophiha the patent
should be investigated for the presence of hydatid disease Hodghin s
Disease and  eosinophilic lung  (Loeffler s Syndrome Weingarten's
Syndrome penareriis nodosa) If there 1s no blood eosinophiha

TABLE IV
Pleural Eosinophilia—8 Cases

Case Ulumat Diagaoss. Eon (P81 B P, | Boog® o
T Pulmonary nfarct 52 No No
2 TPulmonary infarct 56 o Yes
3 Pulmonary 1nfarct 35 No No
4 Traumatic ©0 Not done Yes
5 | Pneumoma 82 Mo No
6 Pneumoma 70 No No
7 Simple inflammatory 8 o No
8 ? Tuberculomis 76 No No

pulmonary mfarction tratma to the pleura and pneumomna should be
considered 1n diagnosis  (Although for convenience two groups of
conditions depending upon the presence or absence of blood eosino
phulia have been given 1t 1s not suggested that the distinction 1s absolute)
Malignant disease 15 an improbable diagnosis 1n the presence of pleural
eosnophilia  Tuberculosis cannot be excluded as a cause but the
available evidence suggests that it should not be readily diagnosed
unless other strong evidence 1s forthcoming

IDENTIFICATION OF MALIGNANT CELLS

In contrast to the stmphcity of recognising polymorphs cosinophils
and lymphocytes 1n pleural fld the 1dentification of malignant cells
1s a problem which has long taxed the skill of pathologists and the
faith of clinicians  The crux of the problem lies 1n the differentiation
of the malignant cell from the mnnocent serosal cell and I have already
emphasised that a Leishman film 1s useless from this pomnt of view
Of the vartous alternative technical and stamning methods available
1 beheve that the best 1s to regard the centnfuged deposit from a
specimen of the fluid as a piece of tissue and to treat it pathologically
as such by embedding 1t 1n parafin wax cutting secttons from the
block so obtamed and staming the sections in the usual way with
hzmatoxylin and eostn  The main objection to this method 15 that

F
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during pr g the cells b shrunken and slightly distorted
but 1 my opimon this 1s more than compensated for by the clanty
of the picture obtaned  Further n the course of his ordinary work,
the pathologist 1s accustomed to studying paraffin sections and hence
to him the shrunken cell 1s a normal phenomenon

The following photomicrographs illustrate some of the appearances
on hematoxylin and eosin sections Non malignant conditions are
tllustrated first so that a basis for comparison of malignant condrtions
1s obtained

F16 1 —Pure lymphocytic exudate of tuberculous effusion

FI6 2 —Pure polymorph exudate of empyema

FIG 3 —Mixed picture in tuberculous effusion with lymphocytes

. polymorphs and occastonal serosal cells

FI6 4 —Chromc empyema showing large areas of autolytic cells
1t 1s futile to Jooh for mahgnant cells 1n a section of this type,
since they will also show autolytic changes which render
dentification impossible

F1¢ 5 —Medium magnification showng the sheets of serosal cells
cast off from the pleura following a pulmonary nfarction  this
picture 15 of particular importance since the aggregations of
cells closely simulate the aggregations produced by mahgnant

cells

F16 6 —Medium magnification from a case of mahgnant pleural
1 1n this the aggr are actually malignant
cells, but, at this fication the r b) to Fig 715
obvious

Fic 7 —Effusion secondary to bronchial carcinoma, showing
malignant charactenstics as follows —
(a) aggregation of cells mnto a syncytral mass
(6) hyperchromatic nucle:
(¢) varation n size and shape of cells and nucles s¢ pleo
morphism
(d) lack of defimtion between nucleus and cytoplasm giving
the cells a t dged " app
F16 8 —Effusion secondary to bronchial carcanoma, in addition
to a syncytal mass of cells with large hyperchromatic nucles
there 1s bridging of cytoplasm, or prickles between the
individual cells suggesting that the carcmoma 1s squamous tn
type (a squamous carcinoma was confirmed by bronchoscopic
biopsy) 1n this section promunent nucleoh are also observed
nucleoli may sometimes be observed in mnocent serosal cells
but innocent nucleol: are never as large as those seen here
Fio o —Effusion secondary to bronchial caremoma there 1s 2
large mass of tumour tissue perhaps broken from the surface
of the lung by the aspirating needle this 1s an unusual but

helpful occurrence
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Hawving seen this senes of ph graphs, the cl among
you must inevitably have one question in mind  What ts the practical
value of cytological diagnosis in malignant pleural effusion? In
attempting to answer this question 1 would ke to stress several
pomnts —

1 A pleural efiusion due to mahignant disease does not necessanly
contain any mal cells  For ple 1n bronchial carcinoma
the fluid may be secondary to lymphatic obstruction in the mediastinum

2 Even if the fluid does contain malgnant cells the pathologist
may not be able to 1dentify them posstively as such

3 Because of the influence of those two facts the climicran should
not expect too much of the pathologist  analysis of my senes of cases
wmdicates that only 24 per cent of all malignant effusions can be
diagnosed with absolute certainty by cvtol 1

4 Although 24 per cent may seem a disappointingly low figure
1t 15 stall suffictently ngh to Justify the method of investigation especially
as 1n certain cases 1t may solve a serious diagno tic problem

s From another point of view, 24 per cent is a disappointingly
high figure since the finding ot mal cells mnd d
of the tumour and therefore a bad prognosis  Cytological diagnosts
18 not early diagnosis

No discussion on this topic can avoid reference to estor in diagnosts
by the pathologist By error in diagnosis 1 mean the dagnosis of
malignancy which does not exist the so called false positive From
a special study of the shides of false positnve cases occurring mn the
Royal Infirmary of Cdinburgh during the past two years I am con
vinced that errors occur mainly when the diagnosts has been based on
the presence of indsvidual celis thought to have malignant character
tstics  The nisk of error 1s greatest when the fluid 1s due to pulmonary
mfarction or cardiac failure 1 both of which the serosal cells cast
from the pleura may individually 1 1 cells  The
typical case of malignant disease with the features 1 have already
demonstrated—~viz a syncytral mass of cells with hyperchromate
nucler pleomorphism smudging and possbly large nucleoh—actually
presents no difficulty 1n diagnosss, and only the typical case should be
diagnosed as posmtive  Only by calling the doubtful case negative
will the patholog: lly gam the fid of his sceptical
chneal colleague

The chmician should keep 1n mind that the preparation of blocks
and sections from pleural fluid means a great deal of time consuming
waork to the techmeal staff in 2 busy pathologv laboratorv and therefore
a certain amount of selection should be exercised n the type of flud
sent for exammation The selection 1s best made by study of a simple
Lesshman film  If the cell picture 15 soldly Iymphocytic or poly
morphic or 1f autolysss of cells 1s taking place as m an empyema
there 15 no point 1n troubling the pathologist On the other hand the
presence of suspicious cells justifies further nvestigation Finally the
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chnician, having decided to send a specimen of flud to the pathologist
should do so as soon as possible after aspiration since degenerative
changes rapidly occur mn the cells increasing the difficulties of inter
pretation

In conclusion I would like to thank the Physicrans of the Royal Infirmary of
Edmburgh for allowing me to investigate patients under thclr care  The cytological
studies were carmed out 1n with the U of Pathology’
the staff of which particularly Dr R F Ogilvie were a constant source of help
Lastlyl must acknowledge the skall of Mr T C Dadds of the Department of Patholagy
n prepanng the photomierographs




CARDIOVASCULAR DISTURBANCES IN
PARAPLEGICS

By D WHITTERIDGE DM FRS
Professor of Physiology at Edinburgh University

WHEN neurologists were faced by the problems of spinal transection
1n man during the 1914 18 war, their outlooh had been formed by
the tmportant work of the Cambridge School of physiologists Langley
and Anderson and Ellott on the anatomtcal orgamsation of the
autonomic system and also by the work of Sherrington on the orgamisa
tion of reflex behaviour by the spinal cord  In addition the work of
Shernngton (1898) en spinal transection 1n the monkey had made
clear that the differences between the behaviour of the isolated cord
m the rabbit and monkey were much greater than those between
monkey and man

1t 15 not therefore surprising that the pnmary interest of Head
and Riddoch (1917) m England and of Andre Thomas (1921) in
France was the descniption of the capabilinies of the 1solated spinal cord
1 man the appearance of the mass reflex after withdrawal of the
controlling effects of lugher centres and the analysis of tho e autonomic
actities which seemed to form part of the mass reflex

Little was added between the wars, except for a growing interest

n reflexes 1n man d by the system

sweating and the pilomotor reaction had been described by Head
and Riddoch and by Andre Thomas resp 1y but our ledg

of g had been ded by L G (1940) and by List
and Pimenta (1944) and of 1¢tor h by C hael

and his pupils at the National Hospital  In particular Carmichael
Doupe Harper and McSwiney (1939) had shown that distension of
the duodenum in man 1s followed by vasoconstriction in hands and
feet  In unpublished work C hael had observed that rectal
distenston could have the same effect (¢f Carmuchael 1950)

During the 1939 45 war a number of paraplegics were collected
at a Spmnal Imuries Centre at Stoke Mandeville under the care of
Dr L Gutwtmann Dunng the years just after the war litle groups
of paraplegics found in vanous hospitals 1n the country graduallv
were brought to Stoke Mandeville for treatment and later sent on to
Paraplegic Colomies or discharged to ther own homes  Stoke
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Mandeville has remained ther centre for medical treatment and
periodic overhaul

If one reads the melancholy accounts of the course, for 1t can
hardly be called treatment of paraplegia in the 1914 18 war 1t 1s
obvious that the immense improvement which has occurred 1s due
in part to the antibiotics  Bed sores and urmary mfections are now
curable in a matter of weeks In addition however, the great emphasis
laid 1 this country, in the Umted States and 1n Canada on physical
treatment and exercise has produced physically robust paraplegics
previously unknown to medicine (Guttmann 1946) It 1s not therefore
surprising that phenomena seldom <cen mn semimoribund patients
have been most const and have d ded 1mvestig and
treatment

The phenomena to be considered here are related to the imparrment
of the power of the body to keep the blood pressure steady ~Although
the first to be mvestigated was the uncontrolled rise 1n blood pressure
induced by penpheral vasoconstriction, the uncontrolled fall 1n blood
pressure produced by tilting the patient 1s more easily described and
analysed The dangers of tilting up a paraplegic patient suddenly
were analysed by Jonason (1947) He showed that there 1s 2 rapd fall
n blood pressure with a rise 1n pulse rate, and rapid loss of conscious-
ness This 1s apparently due to stmple cerebral anzmia  The legs
become purple and obviously the normal compensatory vasoconstriction
does not occur  True famting with a fall in pulse rate may occasionally
occur in paraplegies with high lesions The remarkable finding here
15 that even in patients with high lesions continued exercise in the
upright position leads to a greatly mmproved regulation of blood
pressure  The fall in diastolic pressure 1s less and loss of consctousness
1s much longer delayed Many factors play a part The tone
of blood vessels 1n the hmbs improves patients learn to get up slowly
and many drink 1ced water which puts up the blood pressure shghtly
It 1s however difficult to imagine true reflex stabihsing mechanisms
in the cord and we failed to demonstrate any vasoconstriction 1n
the finger dunng tifting even when the fingers were kept at heart level
This problem 1s so far unsolved but 1t 1s possible that there 1s an increase
n the tone of the blood vessels of the legs

The impairment of temperature regulation depends so largely on
cardiovascular mechanisms that 1t may be dealt with briefly  Obviously
thermoregulating sweating depends on the number of segments below
T, left under the control of the higher centres In patients with high
lestons thermoregulatory sweating 1s mmpaired or completely lost
as 15 the power of losing heat by cutaneous vasodilatation It 1s not
therefore surprising to find very hugh temperatures 1n these patients
When the bladder 1s distended we shall see that as well as reflex
flexor spasms which liberate heat there may be extensive vasocon-
striction over most of the body which reduces heat loss In one of our
he rectal temperature rose from 37 to 40° C 1n thirty minutes

patients tl
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i these conditions This rate of mise 15 so great that there must either
have been other sources of heat or the rectal temperature was not that
of the whole body This 15 remumscent of a curious case of rapid
nsing and falling of the body temperature reported by Paget 1n 1885
The patent suffering from a transverse leston of the cord showed a
very sharp nse mn temperature beginning shortly after he had com
plained of abd, 1d and d fort When the distension
of the bowels was relieved the temperature which had reached 108
109 rapudly fell A peripheral vasoconstriction with flexor spasms
mmght account for the phenomena  Paraplegics are of course equally
1ncapable of stopping a fall in body temperature since they can nerther
shiver nor constrict skin vessels
Dr Guttmann s cuniosity was excited i 1944 by the clinical observa
tions of flushung 1n the face when the bladder was distended This
occurred 1n patients with high transections in whom there was no
obvious nervous connection between the distended bladder and the
flushed face We observed the skin temperature changes and found
cooling of the lower part of the body and warming of the face and
neck To elucidate the h lved we measured blood
pressure and blood flow 1n skin (Guttmann and Whitteridge 1947)
More recently Cunmingham Guttmann Whittendge and Wyndham
(1933) measured blood flow in muscle the heart output using the
acetylene method and the venous pressure  From the first we looked at
the results of bladder distension 1n patients with transections at all levels
The one common factor n all patients with lestons above the
cauda equma and with an 1solated but intact spinal cord was a
constriction of the blood vessels of the legs when the bladder was
distended This mvolved the vessels of the skin as well as of the calf
muscles I think this visceral vasomotor reflex 1s the fundamental
reaction It has been demonstrated by Dr Brian More working 1n
Edinburgh in normal human beings when the pressure in the bladder
exceeds 50 mm Hg As mentioned before a stmlar reaction was
demonstrated by Carmichael and co workers to distenston of rectum
and duodenum and 1t 1s probably nvolved in the cutaneous reactions
desenbed by Adams Ray and Norlen (1951) and by Wernoe (1936)
There 1s some evidence that constriction of vemns may form part of the
same reflex
In patients with lesions at or below T¢ there are only munor
« disturbances  The blood pressure changes very little though the pulse
rate may fall considerably The heart output 1s unchanged Accom
panymg the vasoconstriction n the legs there 1s an increased blood
flow 1n the skin of the hands and in the forearm muscles Quantitatvely
these compensatory changes in flow are not very considerable and we
suspect but have not proved that there 1s an increase 1n blood flow
n the splanchnic region
In our experience there 1s a sharp distinction between patient
with lestons above and below Ty In patients with high lesions the
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same vasoconstriction appears 1n the legs and probably in the trunk
This time however there 1s no compensatory vasodilatation 1 the
hands but on the contrary the blood flow 1n the fingers goes down
sharply We suspect that there 15 a decrease i splanchmc flow
Certamnly there 1s a sharp rise 1n blood pressure of 50 150 mm Hg
The heart output remams the same or falls slightly There 1s a sharp
TISE 1N venous pressure—in one case of 15 ¢cm water—the heart dilates
with mcrease in the size of the nght atrum the pulse slows and
extrasystoles and pulsus bigeminus are common

The patient complains of pain first in the chest later in the head
and jt may reach the occiput and become severe The ar way of
his nose 15 blocked and flushing of the neck and red blotches of shin
over the angle of the jaw may appear The only other mcrease in
blood flow we have detected 15 an increase 1n the forearm blood flow
mn patients with lesions above Cg  The mechamsm of this mcreased
flow 1s quite obscure It may be a four or five fold mncrease and 1s
accompanied by obvious warming of the susface of the forearm though
the skin remains pale and the vessels of the hand cbviously constricted
The flushing of the face and nech s also diffienlt to explain but axon
reflexes from distended intracramal vessels may play a part

We suggested m 1947 that the headache was probably due to
distension of the intracramial arteries by the raised blood pressure
This pont has been neatly established by Schumacher and Guthne
(1951) who abolished the headache produced by bladder distension
by compressing the carotid artertes by the injection of tetraethyl
ammonium chloride and by introducing saline under pressure into the
spimal theca

The earlest description of this conditton which we have so far
found 1s 1n a paper by A A Bowlby mn 1800 He describes the case
of a boy aged 18 admutted to St Bartholomew s Hospital with 2 fracture
dislocation at C; T, and a chnically complete transection of the cord with
a sensory level at T, He survived for thirty one weeks After
twenty four weeks flexor reflexes had returned The pauent says
that he has a tingling and pricking sensation over the chest when a
catheter 1s passed and after its passage there 1s profuse perspiration
over head face and nech and the development of a bright red rash
which persists for fifteen or twenty munutes At the post mortem
examination the membranes were intact but the spinal cord was
crushed to pulp

There are a number of significant observations n the paper by
Head and Riddoch (1917) but their attention was directed so exclusively
to the 1solzated spinal cord to its reflex capabil and the d
for the development of the mass reflex that they do not spare much
attention for the behaviour of the upper part of the body They
remark of one patient with an incomplete leston at C, Gradually
1t became appdrent that one of the most fruitful causes of these out-
bursts of sweating was a full bladder He would become gradually
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conscious of a fullness 1n the head and of the increasing moisture of
us face

It 1s mteresting that Head and Riddoch point out that the most
effective Jus for excessi g from the solated cord 1s
distension of bladder or The v 1ction we have
described can scarcely be observed clinically without the use of
mechanical devices and 1s therefore much less conspicuous than the
profuse sweating obviou to patient and doctor ahke Its effects are
only readily detectable when 1t has involved enough of the vascular
bed to cause a nise in blood pressure Nesertheless both excessive
sweattng and the vasoconstriction are excited by the same sumul
thetr spread 1s due to ‘ unregulated actuty of the cord and 1t would
be possible to describe both as a part of a mass reflex involving the
autonomic system

One should however avoid such a term It s very doubtful whether
Head s mass reflex 18 1n any way a primitive mechamism  The degree
of linkage between bladder contraction and flexor spasms 1s much less
1 our cases than in those described by Head The difference probably
ltes 1n the abeence of the volleys of pamn impulses which constantly
reached the cord from extensive bed sores and the scarred bladder
common In pattents in 1914 18

The only other reference n the earhier literature to flushing and
fullness 1n the head following distension of the bladder comes from
Lhermutte who said that he had had an officer patient n the 1914 18
war who said that he always knew when his bladder was full because
his face became quite red  The phenomena which we have described
have been confirmed by Bors (1948) Thompson and Witham (1948)
Pollock ez al (1951) Schumacher and Guthnie (1951) 2nd Bors and
French (1952)

Bors and French (1952) confirm these general findings 1n patients
with high lesions but feel that msufficient stress has so far been laid
on the q of tr of the paroxysmal high blood pressure
Though these and other authors consider that the raised blood pressure
threatens life this 1s not self enndent Most paraplegics are still 1n
the younger age groups and the increases in blood pressure are not
higher than those which normally occur m muscular exercise of even
moderate severity (Bainbridge 1931) However the headaches and
sweating produced by casual distension of the bladder and bowel
may be distressing to the patient and in patients described by Thompons
and Witham loss of consciousness developed It seems likely that
some centres for paraplegics are more successful than others in
preventing serious rises of pressure 1 bladder and bowel 1f however
some surgical relief 1s needed a satisfactory procedure s posterior
rhizotomy  Bors and French report good results from cutting posterior
roots on both sides below T, or Tyq Antertor rhizotomy 1s harmful
1 that 1t produces an atonc bladder and extensive operations on the
svmpathetic chain in these patients may be hazardous

Most patients
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who have only diaphragmatic breathing have a vital capacity between
15 and 3 Iitres (Gilhatt Guttmann and Whitteridge 1948) and are
not good risks

In conclusion I should like to stress the opportunities for useful
work, offered by the analysis of the difficulties of paraplegic patients
The *' sympathies ** between organs of the body have been the subject
of speculation by physictans from early times We owe 1t to one of
my most distinguished predecessors Robert Whytt once Professor of
the Institutes of Medicine 1n Edinburgh, that we look for nervous
pathways as the prinapal channel by which one organ may modify
the behaviour of another  Such reflex actions evoked by pain producing
stimult are singularly difficult to study mn the mntact human bemng
owing to the emotional complications In paraplegics some of these

sympathies*, the action of the bladder on the emptymg of the

rectum, the action of one part of the upper digestive tract on others
can be studied 1n 1solation 1n human beings not otherwise diseased

Such opportumties and such studies can hardly fail to ameliorate
to some extent the lot of paraplegics and to throw light on problems
common to all manhind
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SOME RADIOSENSITIVE TUMOURS

By RALSTON PATERSON CBE MD FRCS FFR
From Christie Hosprtal Manchester

1T 15 now common knowledge that some types of malignant neoplasm
are characteristically more sensitive than normal tissues to the action
of the 1omsing radrations  This selecive sensitinity of certain tumours
1s indeed the whole basis of radiotherapy As would be expected 1n
this world of infinite variety different tumours have differing senst
tinaties  There 1s probably a complete spectrum from high radio
reststance to ultra sensitivity but at the sensitive end of the spectrum
it 1s found that with few exceptions sensitive growths fall mto two
definite groups

One of those groups 1s  tumours of Zmuted sensiwity They
are certainly sensitive n that they can be totally destroyed without
corresponding destruction of the normal tissue 1n which they grow
Yet the margin 1s narrow and the dose of radiation required to produce
tumour destruction 1s relatively high  This 1n practice comes to mean
that they can only be cured in somewhat hrmited volumes Most of
the commoner epithehal growths with which we are famshar the
carcinomas of the mouth of the skin of the cervix utert and of the
breast are of this nature In the techniques which have been developed
to treat them strict attention has had to be paid to the lumtation of
treatable volume We are not concerned with these tumours here

The second big group of truly sensitive tumours form a nice contrast
to the first 1n that the margin between lethal dose to tumour and
tolerance of normal tissue 1s much wider  This high sensttivity has two
consequences One 15 that such tumours are very easy to cure if they
happen to be small  The other consequence of lugh sensitivity 1s that
the dose which 1s suffi for eff tr can be gven to large
segments of the body  Thus 1s fortunate 1n that one of the depressing
characteristics of most of the sensttive tumours as we shall see 1s
therr tendency to spread with extreme rapiuduiy fram therr primary
focus of ongin  In devising treatment policy this innate tendency
toward dissemmation at first local but ultimately general has always
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to be taken into account  The key to successful treatment becomes
1n fact, the radiation of impresstvely large volumes of tissue in continusty

One final comment completes this background Withn this group
of tumours of high sensitvity there are again two subgroups Some
of the radiosensitive neoplasia would appear to be mn essence systemic
or multifocal in nature from the begmming so that permanent eradication
of the disease as a whole secems impossible no matter what one does
This group mcludes Hodgkins disease, lympho follicular and other
rettculoses, and 1n a different sense the leukzzmias  These are on any
long term view still incurable diseases There are also however, a
group of true tumours which are genumnely unifocal n ongin
Admuttedly they have this deplorable capacity for rapid dissemination
yet if diagnosed and treated adequately while still reasonably hmted
1n extent they can be cured with a quite remarhable degree of dependa
bility There are many such, nearly all of them rarittes some of them
ndeed the real treasures of any cancerologist s museum  When they do
turn up they are yimmensely satisfying to treat if approached correctly

It 1s this second group of sensitive tumours which s the subject of
this paper The trouble with them 1s that they are numerous so m
order to avord tediousness i1t seemed to me best to describe three
charactenistic examples of this type of neoplasm as prototypes The
three examples are very different in clinical and pathological type yet
they are linked 1n that they are really radiosensitive and if dealt with
even reasonably early they can be cured by radration mn a substantial
percentage of cases

For each of these tumours, as I hope I can prove to you a new page
has been turned The poor prognosis of even farrly recent text books
has now an archaic ring

The three tumours I have i mund are —

The nasopharyngeal radiosensitive tumour
Seminoma of the testis
Medullobl of the cerebell

THE NASOPHARYNGEAL RADIOSENSITIVE TUMOUR

In regard to the nasopharyngeal radiosensittve tumour I am quite
aware that in using this title I have deliberately hedged as to 1ts
pathology As one justification for domg so let me quote the intro
duction to a paper on this theme by Meekie Professor of Surgery at
Singapore He wnites —

The problem of the tumours of the nasopharynx 1s a fasct
nating one There 1s interest 1n the incidence of the tumours dispute
about pathology ntriguing problems m mnterpretation of the climeal
manifestations, 1ts therapy s an urgent challenge and there 15 fierce
controversy about the very name by which 1t shall be known

1 can echo Professor Meehie s sigh about nomenclature In my

own clinic the following labels have been attached to a series of growths
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referred to us and which chmcally and radiott lly proved
to be of this type —

Lympho epithelioma

Reticulo sarcoma

Lympho sarcoma

Endothelioma ,

Transittonal cell carctnoma

Anaplastic tumour erther squamous cell or reticulo sarcoma
Squamous carcinoma of very primitive type

It 15 possible that the radiotherapist may be able to shed some light
nto this darkness of pathological indecision  There would appear to
be two main types of tumour commonly found in the nasopharynx
One behaves as a true epdermal tumour—squamous cell carcinoma
The other 1s this tumour By analogy with the response of epithehial
tumours elsewhere 1 the body the first would be expected to be of
himuted sensitivity and 1n fact 1t proves to be so It 1s curable only at
high dose 1f strictly limited to the nasopharynx and before secondary
lymph node involvement The other tumour 1s of high sensitivity 1n
the sense 1 which I defined that term earlier It 1s curable even when
there are solid masses of dary cervical 2 t  Once again
analogy with the response of tumours elsewhere m the body leads to
the conclusion that this growth must be 1n the nature of a sarcoma of
mesoblastic origin 1n lymphoid endothelial or reticular tissue  Perhaps
we can take as a final dictum the conclusions of Harvey and Dawson
In their debatable tumours senies they say of lympho epithelioma —

''We consider that the tumour thus described really covers two
types of malignant growth the epidermord or transitional cell carcsnoma
and the reticulum cell or lympho sarcoma *

Climcally tumours of the nasopharynx present in quite & variety of
ways because they start 1n a hidden corner of the human anatomy
and first signs or symptoms depend on the particular direction of growth
There may be a mass visibly bulging the soft palate forward and with
as uts dominant symptom nasal obstruction 1ndeed, if there 1s one
charactenstic picture of the sensttive tumour 1t 1s this kund of smooth
rounded mass about the s1ze of a walnut bulging forward one side of
the pafate and yet with none of the tumour proper vistble below the
rm of the palate Less often there 1s an ulcerated growth whose
presence 15 only realised if the nasopharynx 1s mnspected and for this
the key symptom 1s bleeding  Alternatively first symptoms may be
related to 1nvoh ement of the cramial nerve through mfiltration upwards
1nto the base of the skull  Another route of spread 1s along the Eustacian
tube and in going through = batch of cases T was interested to find
how very frequently the first symptom in the history was increasing
deafness Lastly we must note that in a surprisingly large number of
cases the primary growth in the nasopharynx just remawns latent
signless and symptomless and the first evidence of disease 1s the
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secondary lymph node involvement 1n the neck Table I gives an
analysts of main symptoms 1n a group of 40 cases

TABLE I
Symptoms in 40 Cases
Enlarged cervical nodes 27
Nasal blockage 20
Pamn 18
Deafness 15
Post nasal discharge 10
Epistaxis 9
Cramial or ocular nerve palsies 8

With this variety in symptomatology this disease makes a happy
hunting ground for the diagnostic maestro— Have you looked mto
the nasopharynx young man?’ The diagnostic key 1s of course, to
look 1nto the nasopharyny—and to take a biopsy A radiograph of the
base of the skull, too, 15 often helpful by showing visible and at times
extensive eroston through the shull base I have occaswonally
seen almost total loss of the whole base right back to the foramen
magnum

There 1s one curious fact about this disease which has always beer’
and remains mtriguing It 1s uncommon relatively speaking 1n this
country and in America It 1s really common 1n Singapore and
Hong kong but tn the Chinese element of the population almost
exclusively but not among Malay or other non Chinese races FPro
fessor Meekie whom I mentioned earhier says that if walking along the
street you see « Chinaman with proptosis or cross eyed you would
be on a safe bet to spot a nasopharyngeal growth ! As you know two
of the commonest cancers in our Western world are those of the stomach
and of the breast Vet statstics from Malaya show nasopharynx
growths to be nearly as common as stomach cancer and from Hong
hong one and a half tunes as common as breast cancer In Hong
Kong another pretty study was done by Franas Stock which has not
yet been fully followed up ~ After the discovery of the nitrogen mustards
and urethane as a treatment for the reticuloses a group of these naso
pharynx cases was tested on these drugs and a remarkable response
to urethane was noted It was not durable unfortunately

We now come to the question of treatraent Where the pathology
1s definite there 15 no problem The squamous cell carcinomas the
other common tumour of this site are dealt with on high dose small
volume principles  The sensitive tumours have to be approached on
the wholly diff lines I will ind ma 1t 15 where the
pathology 15 indefintte particularly where lymph node mvolvement
1s present that doubt afises Such cases have to be given the benefit
of the doubt and treated as if sensittve

This 1s not the place to go into detail of treatment We are here
concerned with principles  The secret of cure as opposed to temporary
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resolution Les 1n irradiation of large volumes in continuity  The neck
nodes have to be presumed as involved even if they cannot be felt
At the upper end of the treated volume the fields go right up into the
base of the brain  Some of the most pathetic tragedies of the earlier
evolution of this technique were due to recurrence in the gassertan
ganglion region with an otherwise apparently cured tumour

Because the volume irradiated 1s considerable and the mucosa
of the pharynx and larynx sensitive a brisk reaction has to be accepted
as mevitable  There 15 a period of acute msery towards the end of the
course of treatment but 1t 1s relatively short Expenienced nursing 1s
as usual of enormous help 1n tiding the patient over this period

Finally, what are the results ? Table IT shows the five year survival
of all cases treated between 1934 and 1948 which were considered on
etther hstological or clinical grounds to be of this type excluding the
definite squamous celled cancers

TABLE 11
Radsosensitive Tumours of Nasopharyns
B n v R
Lumited to nasopharynx 15 60 per cent
With cervical nodes 50 42
Generalised u o
76 40

Even these figures have to be read with in mind that the group
analysed because of indefinite histology must include some of the less
curable epithelial cancers If there were any way of sdentifying the
sarcoma group alone with certainty the cure rate would I think be
even higher

There 1s of course no alternative surgical treatment

SeEMINOMA TESTIS

This disease presents very different climcal and histological features
but the principle of treatment conforms to the same pattern  Let us
this tume approach the subject the other way round and look at statistics
first A review of literature regarding the results of surgical treatment
before the days of adequate radiotherapy 1s very confustng It seems
clear however that the overall cure rates at five years ranged from as
low as 5 per cent to figures of the order of 20 per cent at the most
Even ths Jatter figure was only achieved by the use of the full radical
operation by no means a minor undertaking This 15 a graphic
reminder of the real malignant character of this disease Table 11T
shows the improvement possible with modern radiotherapy ~ The
overall survival rate even when we include cases with pulmonary
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metastases present from the begtnnung 1s about $o per cent  If, how
ever, we consider only the earher group of cases without known metas
tases, we find a rate of over 75 per cent  Cleatly a huge change in the
prognosis has occurred This change was not of course, brought
about instantaneously, there was a transitton period The tone of

TABLE III
Serninoma of Testrs

Results of Al Cases Treated 1934 48

N\ mber F Y
Ete tof D cas Tead s o al
No demonstrable metastases 99 77 per cent
Abdominal or pulmonary metastases 112 28
211 [

this transition pertod s best illustrated by quoting the final paragraph
from a long article by Nash and Leddy published 1n 1943 They then
said —

“ Reentgen therapy has assumed a position of primary importance
1n the management of these tumours and has altered the prognosis
from one of hopeless to one of subdued optimism

Seminoma testts and 1ts metastases were 1n fact found n the earlies
days of radiotherapy to be especially radiosensitive  Probably the first
case reported was that by Beclere (1gos)—now nearly fifty years ago
Indeed seminoma 1s probably at the most sensitive extreme of the radio
sensitive spectrum 1 have even seen chest metastases which seemed to
smprove a little after 2 sertes of ordinary diagnostic exposures | Earher
techmuques however though helpful, tended to be too restricted n
their application  They did not face up fully to the somewhat unusual
Iymphatic drainage system of the testis deterruned by its embryomic
development and illustrated diagrammatically here  Local spread
to the mngunal or thac nodes certatnly does occur - Much more commonly
the first focus of metastatic mnvasion 15 1n the cceliac axis groun of nodes
lying right up in the upper abdomen between the kidneys Fig 1
1s 2 compostte diagram showing the actual distribution of the metastases
mn a group of cases There may be some embryological explanation
of this curious right sided bias which others have also noted but I
cannat think what it 15 In both we have the donunant ceeliac avws
distribution  This 1s one of the factors on which treatment policy
has to be based

The clmical features of this disease are by the very nature of things
essentially simple  The primary growth 1s about as obvious a tumour
+f looked for as the nasopharyngeal growth was a hidden one Even
so 1t 1§ surprising in gomng through case hstories to find how often
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the first sign noticed was not this primary mass but the upper abdominal
mass This 1s more excusable with undescended testes which 1nc1
dentally, are satd to be rather more prone to seminoma than the normal
In a few cases such abdominal masses were actually explored surgically
before the nature of the disease was vealised So there 18 room even
here for the diagnostic maestro to gather kudos One unusual case
presented with enlargement of the breasts as the presenting symptom

gl — <
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Fic 1 —Composite diapgram showing distnbution of metastases from seminoma testisin a
senes of cases primary growths of nght and left testicle being shown separately

A characteristic and interesting feature sometimes found 15 the presence
of a posttive Aschheim Zondek test Though interesting this test
15 not a very vital point 1n tatial diagnosis but 1t can become of value
later after the primary growth has been removed as evidence of latent
or hidden metastases

Cases of semmoma testis nearly always come to the radiotherapist
only after the mahgnant testicle has been removed and the diagnosis

blished  Histol 11 15 the of the 1

tumours  Two others are important in differential dragnosis and for
rog true ad cinoma and the muxed element type of
malignant teratoma  As a general rule we treat both as if they were
To treat a e ad cinoma on the same basis

as serminoma 15 really not very rational as it 1s not sensitive but nothing
else 15 of much use and even pathologists may sometimes be wrong
The results are however poor

As indicated the two dominant characters of semmoma testrs are
1ts high radiosensitivity and its strong tendency to early intra abdomtnal
metastasis  Treatment 1s therefore indicated wn alf cases even when
the primary growth has been d and no palpabl
foer can be felt  If this 1s not done the ceeliac axis nodes are apt to

G
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grow to a considerable size before they can be apprecated and then
further spread will almost certatnly have occurred to mediastinal
glands or to the lung  For the same reason the treated volume must
take 1n not only the inguinal and tliac fossa regton of the imvolved side
but the whole length on both sides of the retroperitoneal area round the
abdominal aorta Many radiotherapists approach these as two separate
propositions  We feel that the needs of the case are more safely met
by what 1s known as * radiation baths  to the abdomen
To this particular approach there hangs a sad but fortunately a
farly brief story Some six or seven years ago intent on bettering
what was already a good enough technique, had we but realtsed 1t, we
increased the radiated volume right up to the diaphragm and i one
of the techmques even assayed carrying the fields up into the lower
medtastinum  The kidneys had always been regarded Iike the liver
as relatively radioresistant organs In discovering that they are not
50 very resistant we ran into a patch of distressing renal damage which
gave us great anxtety and led to several tragedies Now we know that
a part at least of the kidneys must somehow or other be kept out of the
fully radrated treatment zone
The radiated volume 1s large and treatment has to be prolonged to
some five or six weeks to avoid radiation sichness There 1s also 2
temporary effect on the haamopotetic system with a drop n all elements
of the white cell count, most marked n lymphocytes
The results of treatment as I have already shown statistically are
good The sensitvity 1s such that an appreciable number of cases
can be saved even where large abdominal masses are present Cure
15 at times occastonally possible even where first abdominal and later
pulmonary metastases are found Statistics and general principles
are but dry bones To gve them flesh here 15 the story of one actual
case
Lieutenant S— age 36 came to us 1n 1942 from Portsmouth He
had a large upper abdominal mass and gave a history of having had 2
testicular seminoma removed two years before but no radiotherapy
The chest was clear He was treated by abdominal baths to a dose of
3000  over three weeks Two months later our annotation was Fit
and well The abdominal mass was gone  Six months later the chest
was still clear but nine months later multiple tiny metastases were
reported and definite supraclavicular nodes felt He was started on
chest baths The blood count dropped rather fast and the white cell
count fell to 2000 total with 230 lymphocytes Treatment was stopped
at a dose of 1650 r Even so four months later our annotation was
Remarkably well  walks 15 miles while on hohiday and now dong
full day s work  He remains well to day twelve years after starting
treatment but clearly he must have had a particularly sensitwve growth
Such cases are all very well but nevertheless the real success in ths

disease 15 related to the so called prophylactic radiatton mn cases with no
But the are there latent just the same

proved metasta:
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and radiotherapy means the difference between 20 per cent and 75 per
cent to 8o per cent survival When one considers that the disease 1s
found 1n younger rather than older men this curability 1s quite important

MEDULLOBLASTOMA

Of the three diseases medulloblastoma 1s certamly the rarest It 1s
1n the main a children s tumour and there 1s always with children a
strong emotional satisfaction over cured cases  Mareaser, 1t illustrates
even more elegantly the treatment principle of wradiation mn one
undmvided volume of a whole potentrally invaded area
The iutial symptoms are related to its cerebellar ongin-—ataxia
plop g headach g In most mnstances the cases
come to the radiotherapist having been explored and with an histe
logical diagnosis ready made  Where for some reason or other this has
not been posstble 1s 1t fair to treat on what can only be a presumptive
diagnosis 7 Even though medullobl 15 the ¢ cerebellar
tumour 1n children every other type of brain tumour can occur 1 that
site On the other hand medulloblastomas are spectacularly sensitive
and so tn emergency a sensitwity test of X ray therapy to the cere
bellum may be used A definutely sensitive response ts then followed
by radical therapy as in the proved case

The peculianty of this tumour as compared with most other cerebro
spinal growths 13 that although 1t commeonly starts in the cerebellum
1t has a wiched habit of metastasising widely and early along the sub
arachnoid spaces of the CNS  So localised treatment 15 rendered
valueless by new foct in cerebrum or cord Because of this even
though its radiosensttive quality was early discovered cure remained
rare until 1t was realised that the whole CN S from calvarum to
sacrum had to be radiated At first attempts to do so used a seres
of contiguous fields  The matching edges of the multiple fields gave
trouble and lead to a desire to treat the whole C N' S 1n conttnuity
which techmeally 1s by no means easy The block of tissue to be
radiated 15 somewhat spade shaped looked at trom behind with the
brain as the blade and the spine as the handle radiotherapeutically
a2 mo t awhward shape A swtable approach was evolved at the
Chastie Hospwal 1n Manchester some twelve years ago and simul
taneously m Edinburgh and has been gradually improved It has
proved a method which yielded rich dividend The basic principle
mvolved 15 shown in Fig 2 The lateral diagram shows how the \ ray
tube 1s taken far enough back to allow the beam to subtend the whole
length of the brain and CN'S  The posterior view shows shaded the
extent of the dominant field 1o equalise dose 1n the antenor part of
the brain additional antersor fields are added to the skull only

What are the results of treatment? It 1s I think umiversally
admutted that before the days of A ray therapy medulloblastoma was &
100 per cent lethal tumour and at that a fanly rapsdly lethal one

d
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few cases survived overoneyear Even as recently as 1942 Pendergrass
and hrs colleagues from a first class centre in Philadelphia were prepared
to write —

‘' Possibly trymng to cure medulloblastoma 15 a trrumph of hope
over reason

2

AR

AR

\

Fi16 2 —Dragram showing extent of trradiated zone

The chnical results of present day radiotherapy in terms of function
are good  Table IV gives the five year statistical results up to date for
all cases treated between 1938 and 1948 There 15 an overall cure rate

TABLE IV
Medulloblastoma
Results of AU Cases Treated 1934 48
Number treated 27
Frve year survival 44 per cent

of 44 per cent at five years even when all cases however advanced are
mncluded This change of prognosts has certamn consequences which
mught usefully be noted

First cure will depend on radiotherapy anyway Therefore no
good purpose 1s served in attempting removal once the diagnosis of
medulloblastoma 1s presumed at operatton  Indeed apart from
decompression and biopsy the less that 15 done at operation the better
Secondly the tumour 1s s0 sensitive that there are few cases however
advanced which should not be given at least a sporting chance by
starting therapy

One other interesting finding may be noted parenthetically It
used to be thought that a true nerve tissue tumour such as this would
not spread outside the CNS cawnty It ss only smce such cases have
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survived for longer periods that more distant metastasis has been shown
to be possible and we now have several cases with metastasts to bones

One question may well be asked—what risk 1s there mn irradiating
so much brain and nenve tissue in young chuldren ?  Intellectual capacity
15 a difficult thing to measure but st would appear that treatment does
not demonstrably fower 1t One of our earliest cases treated over ten
years ago has since taken a full University degree and seems to have
performed on a par with his fellows

NoTtE

The medulloblastoma section of the paper was then 1illustrated by a
<mefilm which showed among other things —

{a) Cases with the typical ataxia picture
(8) The prinaple of 1rradiation of the whole CN S 1 one treated
volume
() The detail of how this was plinned to secure homogeneous
dosage
(d) The actual treatment
{¢) Miustrative cases ncluding—
(1) One at eight years alive and well
(u) One at thirteen years alne and having since taken a
Unnersity degree

SuMMARY

Three tumours are described  Each of them are highly mahgnant
growths, apparently of umfocal origin It 1s claimed that they can be
<ured 1n substantial numbers if diagnosed n reasonable time and not
necessanly at miraculously early phase These three are illustratne
of a larger group of true but somewhat rare tumours of which the same
thing could well be sad  The group includes Wilm s tumour of the
Tadney bl of the sympat} some tumours of the thyrod
gland thymoma dysgerminoma of the ovary and most lympho and
reticulo sarcomas wherever found if they are treated before generalisa
tion Al of them have the same tend to rapid d ton and
1n all the key to success 1s the treatment of a relatively large segment
of the body In this way ridiotherapy has been enabled to make one
of 1ts contributions to present day medicme




ANTICOAGULAN1S
By CATHERINE C BURT BSc MB ChB
From the Department of Clinical Surgery Unmversity of Edinburgh

DURING the past fifteen years 1t has become possible to 1nhibit or at
least to dummush intravascular clotting 10 pauents by the use of antt
coagulant drugs This has opened up a large field in the treatment
and prevention of thromho embolic disease

Heparin—a polysaccharide contaming glucurome and sulphurc
acid esters—was the first anticoagulant to be used clinically on a large
scale by Murray in Canada and by Crafoord in Sweden 1n the md
19305 In 1939 40 Link and his associates synthesised dicoumarol
3 3 methylene bis (4 hydroxy coumarm) (Stahmann ef af, 1941)
and 1n 1048 Remss and Kubik reported on the chinical use of another
coumarin drug an ethyl ester of 4 (hydroxy coumarinyl) acetic acid,
Lnown as pelentan or tromexan Reports have also been forthcoming
of the chinical use of several other substances chief of which are paritol
a synthetic heparinoid substance and phenylindanedione the former
berng origmally reported on by Sorensen and Wright (1950) and the
latter by Soulier and Gueger (1947) while at a meeting of the Royal
Soctety of Medicine Walton (1951) reported on the anticoagulant
activity of preparations of dextran sulphate The anticoagulant effect
of salicylates has also invited some attention but massive doses are
usually required to attain a useful prolongation of clotting To date
these drugs do not appear to have been used to any great extent for their
anticoagulant action but this action should be borne 1n mind when
patients are on dicoumarol or tromexan therapy because salicylates
are 1n common use for minor aches and pains and habitual users seldom
think of volunteering the fact The unsuspected use of salicylates
may on occasion account for an apparent undue susceptibility to
dicoumarol or tromexan

During the last ten years anticoagulant therapy has been employed
1 Sir James Learmonth s unit 1n 382 cases The drugs used were
heparin  dicoumarol or tromexan and I propose therefore to hmut
discussion n this paper to our experience with these drugs with regard
to their action control of dosage difficulties and dangers which have
been encountered and to deal briefly with the duration and results of
treatment

HEPARIN

Action and Admimstration ~—Hepann which acts directly on the
clotting mechamsm as an antithrombin antithromboplastn  and
probably antiprothrombin takes effect as soon as 1t comes mn contact

Read 15th May 1952
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with blood  The anticoagulant potency of the commercial preparations
15 expressed 1n international umts and solutions of 1000 1Ufcc
5000 1 U fcc and 25000 T U fce are available It can be given by
ntravenou lar or sub tnjection n doses for an
adult of from 7500 units up to 12 500 umits  Within a few minutes after
intras enous snjection of heparin the clotting time of the blood 15 pro
Tonged However, the drug 15 rapidly excreted by the kidneys some
of 1t being, fixed in the tissues and three to four hours later the clotting
time has usuaily returned to normal We consider that mntravenous
njection 1s the safest method of adminstering the drug  Indwelling
needles and polythene tubing have been advocated as a means of
avoiding the need of repeated venepunctures When this intermuttent
1ntravenous method 1s used 1t 15 advisable to give the drug 4 hourly
for the first day or two then as clinical symptoms improve to drop 1t to
8 hourly then to twice a day and finally to once a day for several days
If heparin 1s stopped too abruptly patients sometimes appear to pass
1nto a phase with an increased tendency to clot  In our early cases we
estimated the whole blood clotting time before and one hour after
<ach dose but ceased to do this several years ago

Continuous intravenous drip was used only in early cases of our
serses  With this method an 1mitial boosting dose of 5000 umits must
be given mto the drip tubing and thereafter 5000 10000 unmits of
‘heparin put in each flask  The rate of the drip has to be regulated so
that sufficient hepann 1s given to maintain the clotting time at the
desired level which 1s looked upon as being somewhere 1n the region
of 15 to 20 munutes (Lee and Whate) This necessitates esttmation of
<lotting tumes at two to three hourly 1ntervals otherwise there 1s danger
of etther over or under dosage

When ad d by the ntr lar route the absorption of
heparin 15 slower In our experience following a single dose the
maximum clotting time attamned 1s seldom as high as 20 munutes
(Lee and White) but 1t may remain elevated above the control level
(5 8 minutes) for pertods of 5 or 6 hours However when intra
muscular injections are repeated at frequent intervals a depot 15
gradually built up and we have found that n adults in the post operative
state 1t may be dangerous to continue 4 hourly ntramuscular mjections
of heparin for longer than 24 hours without clotung time estimation
Painful h=matomata are frequently complained of by patents who
have been given repeated intramuscular injections of heparin for
prolonged periods  The extent of bruising which may appear m such
<ases 15 llustrated 1n Fig 1 Loewe and Rosenblatt {1944) advocated
the administration of heparin 1n a pithin menstruum to slow up the rate
of absorption and to gne a prolonged action while some workers
advocate the admmistration of 15 000 or even 25 000 units of the con
<centrated preparation at infrequent intervals, possibly only once

24 hours  In my opinion a depot of this s1ze could be dangerous i the
‘post operative stage
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The subcutaneous route has seldom been used because of erratic
absorption and the large and visible brising which appears at the site
of myection  Tuckman and Moolten (1950) advocated the use of a
subcutaneous depot of hyaluromdase as a means of achteving rapid
absorption of heparin injected 1nto this area  We have used this method
mn a few cases, but the results have been less predictable than with the
mntravenous and intramuscular routes, although prolongation of the
clotting time up to 15 minutes over a period of 2 hours has been achieved
The method 1s moreover not always pamless several patients have
complained of discomfort at the site of the mjection However only
moderate brusing has been noted even after four mjections m 24
hours

In 1951 Litwins and others reported successful prolongation of the
clotting time in a number of patients following the admimstration of
heparin by the sublingual route They stated that in all cases a rise
occurred within 30 minutes which reached a maximum 1n 1t to 2 hours
and lasted for from 3 to 7 hours It seemed that 1f this were so 1t would
be a most useful method of administration and we attempted to repeat
thetr study  Sublingual tablets which contained 10 000 units of heparin
were obtaned and used in § cases In one case the clotting time by
the Lee and White method rose from 8 minutes to 12 minutes one hour
after admunstration 1t was 11 munutes 2 hours after and had returned
to § sninutes 3 hours after admimistration  In the 4 other cases given
10000 or 20,000 units of heparin the clotting time was unaltered
Kennedy and Brown (1952) have recently reported a stmilar falure
to prolong the blood coagulation time by sublingual administration
of heparmn

Side Effects —Heparin 1n 1tself 1s a non toxic substance, but
drosynerasy to 1t does occur and in § of our patients immediately
after an intravenous injection there was a complaint of dyspncea
discomfort mn the chest a feeling of heat 1n the head accompanied by
flushing and tachycardta The symptoms were transient 1n all cases
but were frightenung for both the patient and onlooker In one patient
stmlar symptoms were produced by a subsequent injection and treat
ment had to be discontinued In the others the intramuscular route
was substituted for the intravenous route without further trouble

It has been suggested that heparin may have a vasodilator effect
and 1n a number of our cases 1schzmic pamn unrelieved by morphine
disappeared within 2 few minutes of the intravenous injection of heparin
(Burt 1947) An attempt was therefore made to measure the vasodilator
effect if any but plethysmographic recordings of hand blood flow 1n
two subjects before and for one hour after the intravenous injection
of heparin failed to show any increase in blood flow However on
several occastons rigors and pyrexia have appeared half an hour to an
hour after intravenous injection of heparin  This reaction was similar
that following intravenous mnjection of TAB or other foreign

to
It seems possible therefore that a moderate vasodiator

protein



FIG 1 —The extent of brt ng n the nght hip of a patent followng four hourly
intramuscular 1jections of hepann for over forty eight hours

e

Fi1G 6 —Photograph to llustrat petechs | hzmorthage confined to the aff cted Lmb n
a pat ent with deep venous thrombos who w so0n nt coagul nt therapy This patent
had had a drip into the & phenous ven of ths leg wh k had been followed eatly bv
thrombosts of the saphenotis vein  In addition to the pete hial haemorrhages a hamatoma.
formed at the site of the venepuncture
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effect might be due to a minor reaction of this type probably caused by
protein contammnant mn the preparation of hepann

It has been suggested that one of the useful side actions of heparn
may be to enhance the fibrinolytic actinaty of the blood and thus
encourage lysis of pre formed clot In 1o cases fibrinolytic actty
of the blood was investigated during anticoagulant therapy with
heparin  In no case was there any evidence to indicate an increase
during the period of therapy However Macfarlane and Biggs (1946)
have shown that transtent fibrinolytic activity occurs 1 man following
psychological and operative trauma exercise and the admunistration
of adrenaline Therefore 1t would seem that any clot formed during
operation or in a peniod of psychological trauma mught contarn fibrine
Iystn  We have found ## w:tro that rapid complete lysis of a fibrin
clot 1s dependent upon intimate muxing of the fibrinolysin with the
plasma before clotting occurs  If the fibrinolysin 15 added after clotting
has occurred only the first 2 or 3 mm of the clot in direct contact
with the fibrmolysin becomes lysed 1n 24 hours  From this it would
seem posstble that clot formed 1n the immediate post operative pertod
may contain fibrmolysin and thus be less durable than clot formed
after the alarm reaction has subsided Rapid lysts of clot may account
for the infrequency of thrombotic pl ons - the d
post operatine period It also seems unlikely that subsequent fibrino
Iytic actraty however induced will matenially affect pre formed
masstve clot 1 blood vessels However 1f the clot 15 spread thinly
over a large raw area the whole of this clot might well be removed by
subsequent fibrinolynic actniaty  This may explain the excessne
hamorrhage which 1s feared by most workers when patients are put
on anticoagulant therapy following operations such as prostatectomy

Although we have not obtamed anv direct experimental evidence of
Iysis of pre formed clot chinical evidence suggests that provided a
thrombus 1s of recent origin recanahsation 1s favoured by anticoagulant
therapy whether by heparin or by tromexan It may be that this
therapy allows a greater degree of natural fibrinolysts to occur by
mhibiting further spread of non lysin contaming thrombus Fig 2

illustrates the spread of thrombus and recanalisation i the forearm
vemns 1n 2 case of recurrent venous thrombosts  Recanalisation occurred
1n all veins except for 2 cm where the primary thrombosis had occurred
It 1s possible that organisation had already started in thus area before
anticoagulant therapy was mstituted

Antagonsts —~The action of circulating heparin can be rapidly
terminated by the intravenous administration of 2 1 per cent solution
of pr Ipt or by tohudine blue We have used only the
former chinically and have found it useful 1n doses of from 1 to 5ce
Tt will cause a reduction in the clotting time within a few minutes of
admunustration 12 2120 I vitr0 hovever the effectne concentration
needed may be about 10 16 times the amount required 2z t2120 and has
to be determined in each case by the use of serial dilutions of protamine
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Concentrations above or below this critical level have an anticoagulant
effect and cause further prolongation of clotting time This effect
has not been reported to occur 2 vrvo

The following case shows the danger of prolonged 4 hourly ntra
muscular admimstration of heparin without clotting tume estimation
as a control and serves to illustrate the need of prolonged transfusion
and repeated protamine mnjection when a heparin depot 1s present

Fifteen days after total gastrectomy, a male patient aged 55
developed an ileo femoral thrombosis  In view of the extensive opera
tion heparin was regarded as the drug of chotce, and the patient was
put on 10,000 umts of heparin intravenously at 4 hourly intervals

-6 3 5t
3
3
293 51 s 115 4 51 29 6 51

-12 3 5!

Fic  —Tollustrate area of thrombo 1s m superficial vemns of forearm and re canalisation
Anticoagulant therapy was started after 293 51 (Area of thrombosis shown 1n black
‘meastrements n em )

for 24 hours and thereafter at 6 8§ hourly intervals by itramuscular

myection  His symptoms failed to improve on this dosage and on the

twentieth post operative day 1t was increased to 10 000 umits 4 hourly
mtramuscularly  Tharty s1x hours later large quantities of blood were
passed per rectum  Heparin was discontinued forthwith but 11 hours
after the last injection of heparin he had a large hamatemesis and
passed bright red blood per rectum  His blood pressure was unrecord
able pulse rate 150 and his clotting time was over one hour (normal

5 8 minutes) He was gwven 5 cc of protammne sulphate followed by

400 c ¢ of gum saline and four pints of blood  This brought his blood

pressure to 8of6o mm Hg and s cloting fime to 34 Tunutes A

further 5 cc¢ of protamne sulphate were given 12 hours after the

first and another pint of blood  Six hours later hus clotting time
was down to 8 munutes and he improved thereafter He was dis-
charged from hospital 18 days ifter this episode
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COUMARINS—ANT! PROTHROMBIN AGENTS

Dicoumarol and Tromexan —These differ from heparin in that
their action 1s not on the clotting mechamsm itself but on the inhibition
of formation of one of the clotting factors They are both admimstered
by mouth Dicoumarol 1s prepared in 50 mg tablets and pelentan
or tromexan in 300 mg tablets Remms and hubih {1948) reported
that weight for weight the anticoagulant activity of dicoumarol 1s
approximately four times that of tromexan In our patients the
inttial dose of dicoumarol used was 200-300 mg on the first day
and of pelentan or tromexan 0912 g The dosage of both drugs
has to be controlled by estimation of the so called prothrombin
time  which 15 merely an accelerated plasma clotting ttme where
excess thromboplastin and calcrum are added to citrated or oxalated
blood A prothrombin time prolonged beyond control levels mndicates
2 low level of prothrombin activity and vice versa  There 1s no absolute
normal value for prothrombin time because 1t depends largely on the
potency of the thromboplastin 1n use  Times for normal plasma have
been recorded which vary between 10 seconds and 25 seconds and it 1s
necessary to know the range of normal in the thromboplastin which 1s
being used The more potent the thromboplastin the smaller 1s the
rise i clotting time with diminished levels of prothrombin  Many
workers state that an effective therapeutic dose of dicoumarol or
tromexan 1s attained only when the prothrombin time of the pattent
under treatment 1s 2 2% times that of normal  This may be true when a.
moderately weah thromboplastin 1s being used that 1s when the normal
time 15 16 20 seconds but if the thromboplastin 1 use gives a normal
range of between 10 and 13 seconds then times of 1§25 seconds
may be comparable to those of 30 40 seconds given by the weaker
thromboplastin

In some laboratories 1t has been the habit to report on the blood
sent for testing by giving 2 value of prothrombin activity expressed as
a percentage of normal This 15 worked out by the use of dilution
curves (Fig 3) We have maily used Fullerton s method with viper
venom for prothrombin time estimation but during the past year have
duplicated the tests using in addition Quich s one stage method with
bran thromboplastin  In general good correlation has been found
but as Macfarlane and others have pomted out the use of Quichs
method shows a greater rise in clotting ttme  with munor depressions
of prothrombin actnity than 1s shown by Fullerton s method and 1s
therefore probably the safer to use We have found however that
Fullerton s method giies more consistent results There have been
occastons when the clotting times of the same plasma have differed
widely with the two methods In one case a female patient aged 38
who had had an acute arterial bloch had been on anticoagulant therapy
for 8 days  On the minth day the viper venom prothrombin time was

14 7 seconds (control 14 seconds) whereas the brain thromboplastin
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time was 38 3 seconds (control 12 seconds) As there had been con
siderable clinical improvement mn the condition of her foot it was
decided to take the longer time as probably representing the true state
of affairs  Her dose of tromexan was therefore not increased During
the next 24 hours the limb became swollen and the foot gangrenous
Further prothrombin time estmations still showed the same short
viper venom and long bram thromboplastin times, but whole blood
clotting time was normal and amputation was performed without undue

0% @ 5 B B % % e 6 % % @ & T % & s 0 % N
PLASMA  DRUTION

Fi6 3—Prothrombin time curves with vaned dilutions of plasma n five normal controls
using viper venom thromboplastin

bleeding Examunation of the amputated lmb disclosed widespread
recent thrombosis in the calf veins i addition to the old arterral block
The reason for the prolonged brain thromboplastin prothrombint
tyme 1n thrs case 15 not known but may have been due to agemng of the
thromboplastin which sometimes occurs suddenly In other cases
when surpnsingly long prothrombin times have been found contami
natton of the syringe with heparin has been suspected and occasionally
rotarmine titration

pm\;:l la)}n}:ne 1t was generally accepted that the prothrombin time of
blood was unaffected by the administration of heparin but as wa;
shown by Long e/ al (1946) the prothrombin time may be prolor}ge

ymmedzately after an intravenous dose of hepanin It has therefore
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been our practice to see that in patients on combmned hepann and
coumarin therapy blood 1s withdrawn when the hepann effect 15 at
its mummum that 15 at least 4 hours after intravenous and 6 hours
after the last intramuscular jection  When frequent doses of intra
muscular hepanin are used the patient 1s contuuously under the
fluence of heparin and quite a large error may be made 1n prothrombin
time estumation and must be allowed for In such cases the true pro-
thrombin time should be determined after addition of appropniate
o\ of p 1ph or toluidine blue For example in 2
patient who had been on intramuscular heparin and had been given
12 g of tromexan the prothrombin time 24 hours afterwards was
31 seconds  this was reduced to 23 seconds by the addition of 0 05 c ¢
of 1f2000 protamine sulphate to 0 1 c ¢ plasma in the clotting system

In our sertes of cases dicoumarol was used dunng the first 6 years
of the 10 years under review and a fypical response 1s dlustrated m
Fig 4 The nise in prothrombin time to double the control level 1s
slow and the longest prothrombin tmes occur several days after the
dose has been dimimished while the prothrombin time 1s still elevated
well above the control level 3 days after the last dose of 100 mg This
1mtral lag and prolonged action make dicoumnarol difficult to eontrol
duning long term therapy but other workers have reported that good
results are obtained by mtermuttent dosage such as giving the drug on
3 days 1n the week

In our experience tromexan has proved an easier drug to handle
and although as 1n the case of dicoumarol indnidual requirements
vary widely once they have been established we have found them to
remain farrly constant except when systemic upsets occur Fig
sllustrates the prothrombin activity expressed as a percentage of normal
m 2 patient with deep venous thrombosts of the right leg 1n whom
mnitial therapy was inadequate and was stopped too early and thrombosis
occurred 1in the left leg § days after The first part of the graph also
illustrates the disturbance which hepann can cause in prothrombin
estimation  The mmtial level of 35 per cent was probably quite
erroneous  The second part of the graph shows the mare typical
smooth curve obtained with tromexan alone and also shows the gradual
return to normal levels to permit start of massage without danger of
brussing

Antagonsts —There 13 no quick way of inhibiting the action of
dicoumarol or tromexan and if dangerous bleeding occurs during
therapy transfusion with blood 15 the only way of restoring normal
clottng function  1if severe over dosage has occurred transfusion mav
have to be repeated daily for some days

Vitarmn K 1n doses of 200 mg or more has been regarded as an
antidote to dicoumarol and tromexan but doubt has been thrown on 1ts
efficacy in recent publications by Stirling and Hunter (1951) and bv
Douglas and Brown (1952) who advocate the 1ntrayenous or oral use
of the analogue vitamin k, (2 methyl 3 phytyl 1 4 naphthoquinone)
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Onut Patient Therapy —Imually we considered that it was unjusty
fiable to treat any subject as an out patient in view of the danger of
over dosage and bleeding from mucous membranes or undue brutsing
from shght trauma We were forced to change our views by the
following case

In September 1943 a male panent aged 48 was admitted to Dr
W A Alexander s ward in the Royal Infirmary Edinburgh with a
left pulmonary embolus which had occurred one week previously and
was p d by h ptysts  Gross lling and cedema of the
left leg were also present Relevant previous history included an
attack of pain 1n the right loin m Apnl 1948  An mtravenous pyelo
gram at that time was negative but the patient stated that for some
weeks following this he noticed redness and pain over the vetns of the
left forearm In June 1948 mugratory phiebitis had appeared n the
left saphenous terntory

He was treated with heparin 10000 umits 4 hourly then 6 hourly
dropping to thrice daily and twice daily as clinical improvement was
noted Ligature of the left saphenous vein was performed on 28 9 48
under cover of daily doses of heparin 10000 units  On the mght of
1 10 48 signs of a left pulmonary embolus appeared and full heparimisa
tion was remnstituted  Pelentan was substituted for heparin on 26 10 48
His intial prothrombin time was 12 seconds (control 15 seconds)
but after 1 2 g of pelentan for three days thss rose to 23 seconds (control
13 secands)  Thereafter a level of between 20 and 40 seconds was
maintained on doses of 0 6 g daily with occasionally 0 9 g on a third
day Following a course of \ ray baths 1n Norember to December
1948 he became more sensitive to pelentan and unti the end of January
1949 dosesof 06 g 03 g and 0 g 1n a 3 day cycle were sufficient to
maintain the prothrombin tme at the previous levels The larger
doses then had to be remtroduced

He was alloned home 1n February 1949 on 2 maintenance dose of
03g 06g 06¢g 1n 3day cycles with occasional doses of 09 g
He was readmutted to hospital on several occasions 1n the following
year with signs of over dosage and under dosage For example n
July 1949 he had a severe epistaxus when dicournarol 100 mg daily
had been substituted for pelentan during a temporary shortage of the
latter drug  Several pts to stop gulant therapy during
this year were all follov.ed by an exacerbation of symptems and spread
of thrombosis to the night external jugular ven nght leg both arms
and on one occasion when therapy had been stopped for one dav
because of shght hematuria a night hemiplegia developed On the
following day this responded rapidly to heparimsation and to increase
m pelentan  In August 1949 suspicton that he had 2an underlying

neoplasm was confirmed bv the appearance of nodules 1n the nght
postenior triangle of the neck  Biopsy of one of these indicated that
they were secondary deposits of spheroidil cell carcinoma but no
primary site could be suggested Treatment with tromexan was
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continued at home and by this time venepuncture had become difficylt
because so many superficial veins had been previously thromhosed
Dosage was therefore regulated by chrnucal findings and he remamed
fairly well on tromexan 63 g 06 g, 06 g with occasionally o 9g
until April 1950 when he had severe pain 1n the left lomn followed by
fever and hematuria  His doctor stopped the anticoagulant therapy
Justly considering that the hzmaturia was probably due to over dosage
but the patient developed a left hemuplegia and died five days later
having refused to return to hospital Permussion was obtatned to
perform a limited autopsy at home and the cause of the hzmatuna
was found to be thrombosis or embolism of both renal arteries In the
right renal artery the bloch was of recent origin while the left renal
artery showed an unusual degree of recanalisation which the pathologist
attributed to the action of anticorgulants It 1s of mnterest to note that
although the patient had for 20 months been on quite large doses of
pelentan and tromexan the liver did not show any gross pathology
The site of the primary neoplasm was not found but may have been
the thyroid gland which could not be exammined

Followmng this esperience we have used long term anticoagulant
therapy in a small group of patients with thrombo angutis obliterans
and recurrent phlebitis in whom we thought the rish was justified by
the poor prognosss 1f the condition progressed and at present we are
trying 1t in 2 small group of patients with arteriosclerosts obliterans
The dangers are explained to the patients and their co operation 1$
obtained before start of therapy

Complications —The complications and side effects which occurred
under heparin therapy have already been discussed In the patients
treated with the coumarm preparations the commonest complicatton
was hematuria major episodes of which occurred m Io cases the
majority of these were in cases of operation upon the renal tract
Hematemesis occurred 1n 3 patients put on anticoagulant therapy
because of post operative venous thrombosis followmng vagotomy
(1 case) and gastrectomy (2 cases) In each case the peptic ulcer
bearing area was infact after operation and st 1s considered that this
may well have been the site of hamorrhage In one patient on
dicoumarol a large hmatoma which caused a transtent sciatic nerve
palsv occurred following a pemctllin myectton given when the pro
thrombin time was 30 seconds Widespread subcutaneous or petechial
hzmorrhages occurred 1n 5 patients 2 of whom had received prolonged
heparin therapy  In a third patient 1t occurred at the site of an urticarial
rash, in the fourth following a prolonged pertod of venous occluston
for a difficult venepuncture and in the fifth was confined to the grossly
cedematous and swollen Iimb for which the patient was recetving
therapy (F1g 6) In this patient capillary resistance was normal and
her prothrombin time was 27 seconds (control 14 § seconds) It may
be of some 1nterest to record that during the first three days of combined

heparin tromexan therapy n a patient who had had a skin graft for a
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leg ulcer sero sangumnous flud secreted 1n large quantities floated
the graft off the surface nevertheless the graft finally took well

CHOICE OF ANTICOAGULANT

In the sertes under discusston heparin was the anticoagulant of
chotce 1n cases where a rapid action was wanted or where 1t seemed
that 1t mught be desirable or necessary to termunate anticoagulant
therapy rapidly In 50 cases heparin only was used and heparim was
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Fio 7 —To Mlustrate state of hmb and type of treatment m a case of artenal
embolism with rapid recovery
also gnven for the first two or three days 1n conjunction with dicoumarol
{60 cases) and with tromexan (272 cases)

TREATMENT

(@) Chrome Obhterative Arterial Disease —Of the 382 patients
reported 1n this paper 69 were patients with chronic obliterative
arterial disease 45 of whom had gangrene or ulceration of toes at the
trme of adnussion and 24 had signs of 1schamia of lesser degree  Of
the 45 who were admutted with gangrene or ulceration 13 improved
and were discharged from hospital with their lestons healed or healing
after a period of anticoagulant therapy which varied from 2 weeks to
2 months  In 29 patients amputation became necessary Three died
from progression of their disease

H
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Of the 24 patients without gangrene, § progressed to amputation
3 died from progression of the disease soon after anticoagulant therapy
had been discontinued  Of the other 16 7 improved and g are still
on out pattent long term therapy with tromexan

(&) Acute Arterial Occlusion —A group of 28 cases of acute arterial
occlusion were treated conservatively by anticoagulants and reflex
heating Pulses temperature motor and sensory findings were recorded
at frequent intervals and if mprovement occurred anticoagulant
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Fic § —To illustrate a case of artenal embolism 1n which the condition of the Lmb
showed mitzal but later under treatment with

anticoagulants
therapy was continued (Fig 7) Fifteen of these patients improved
and were discharged from hospital In 4 the hmb did not improve
and amputation became necessary Eight died from the effects of other
embol: and one a male aged 60 died from cerebral hzmorrhage at a
time when his prothrombin tune was 33 seconds agamst a control of
15 seconds which would be generally regarded as a safe therapeuttc
level It seems probable however that if a patient develops a small
cerebral hemorrhage while on this therapy the effect of the anti
coagulant will be to convert a minor mnto a major and fatal hzemorrhage
and this may have happened 1 this case

Sixteen cases of arterial embolism were treated by embolectomy
followed by anticoagulant therapy w 1thin 6 hours of operation Some
of these cases were intially treated conservatinely but as they had
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faled to improve m the first few hours operation was decded upon
(Fig 8) Inthis group 5recorered Of these 4 had had aortic embols
and one had had a mesenteric embolus  Four who had had emboh
1n the femoral or popliteal vessels lost the affected hmbs and 7 died
from other embolic episodes
Anticoagulants were given within 6 hours of operation to an addr
tional 1§ patients malang a total of 31 Troublesome hxmorrhage
[ of 1 therapy occurred 1n 5 of these
patients and probably contributed to the fatal outcome 1n 2 sxth
&) Deep Venous Thrombosis —Two hundred cases of deep venous
thrombosis have been treated  In 140 of these treatment was started
within 48 hours of the appearance of signs and svmptoms  Swelling

TABLF I
¥ erous Thrombosis
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LimbSuell & &
whinonary D
Dunuon of Sz efor Befor T om /Al T eatment | Embol
SurelT  mea dan
Tem v
h Stgh Pulm aary| O
o Sk o e s,
Under forty-eigh t hours 67 l 73 |12y 3 } 10 l ¥ 2
J
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One developed a pulmonary embolus following a second operation.
4 One died of pr ¥ one month after lant treatmer t was dis

continued

was shight or absent in 67 cases gross i 73 Those hsted with gross
swelling may well have had thrombosis for longer than 48 hours but
neither complamnt nor signs of abnormality had been recorded In
60 cases symptoms had been present for 48 hours or more before start
of anticoagulant therapy

1In each tase treatment consisted of elevation of the foot of the bed
encouragement to mose the imbs 1n bed and anticoagulant therapy—
hepann alone n cases whith had been recemtly operated wpon or
dicournarol or tromexan covered by an mtal 2 days on intravenouns
andfor intramuscular hepann

A long term follow up has not yet been made but the results at
pertods from 3 months to 2 years are shown 1n Table I The course
of treatment varied 15 length from 10 days to 3 months being short 1n
cases where 1itial imb swelling was shght and early ambulation was
possible and prolonged in cases such 2s an ileo-femoral thrombosts
n 2 pauent with a fractured femur where active use of the affected limb
was not possible for several months In all cases i1 which moderate
o~ gross swelling had been noted the affected imb was supported by 2
crepe bandage ar elastic stocking before the patient was allowed towalk
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Pulmonary emboli occurred 1n 1o of these cases duning treatment
one being fatal This occurred 1n a man with carcinoma of the colon
who had an ileo femoral vemn thrombosis m the left leg  He was
treated with 7500 units of heparm 8 hourly by ntravenous injection
and with physiotherapy He died suddenly on the second day of
treatment 15 minutes after phystotherapy and 8 hours after his last
dose of heparin 1 feel that two mistakes were made n this case
(1) madequate heparmusation and (2) an injudicrously early start of
physiotherapy

(@) Pulmonary Embolism —Twenty three patients in whom signs
of pulmonary embolism were the first indications of the presence of
thrombo embolic disease recerved anticoagulant therapy In only
8 of these were signs of venous thrombosis 1n the legs found on examina
tion or evident later Nineteen recovered and 4 died In one of the
4 fatalities 2 case of suprapubic cystostomy, autopsy was refused but
a chnical diagnosis of cerebral hamorrhage had been made The
second patient died of myocardial fatlure 11 days after the start of
anticoagulant therapy, and at autopsy an old embolus was found
partially blocking the nght pulmonary artery-—the pathologist com
mented upon the absence of secondary clot The third patient was
moribund on admission and the fourth died within a few minutes of
lodgment of a massive embolus A single dose of heparin had been
given immediately after the onset of symptoms

In cases of pulmonary embolism 1t 15 probably only where the block
15 incomplete that anticoagulant therapy can be of value m preventing
consecutive thrombosis  If the pulmonary trunk or both pulmonary
arteries are blocked there 1s no time for anticoagulants to be of use

In addition to these 23 cases during the 4 years 1947 to 1951 19
fatal cases of unheralded pulmonary embolism have been recorded
At autopsy ante mortem thrombus was found 1n the leg veins mn 17
only 1n one of these had previous pamn in the legs been noted In the
eighteenth case painless cedema of both legs had been attributed to
congestive cardiac fallure In only one the nineteenth case was the
site of ongin of the clot in doubt

(¢) Recurrent Venous Thrombosis —Sixteen patients with recurrent
superficial andfor deep venous thrombosis have been treated with anti
coagulants In 10 of these patients there was also evidence of oblitera
tive arterial disease There was no evidence of artenial involvement
1n the remairung 6 patients but they had all suffered several attacks
of deep or superficial venous thrombosis or both and 4 of them had
also had several pulmonary embolt

The lestons of mugratory phlebitis are notoriously erratic 1n therr
appearances and disappearances but 1n the first 2 cases treated with
heparin alone for periods of 8 14 days 1t seemed that the lesions resolved
more rapidly than on previous occasions One of these patients did not
report bach but the other had a recurrence 2 weehs after the first course
of heparin and was given heparin agarn for 4 days duning which pertod
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the affected segment of vemn recanalised The patient has remuned
free from attacks of phlebitis for 6 years The condition proved more
resistant in the remamning 8 patients who were also treated with
dicoumarol or tromexan for periods of 6 weeks to 7 months Fig 9
1llustrates the variation 1n dosage used in one of this group who was
treated as an out pattent The aim was to keep the prothrombin level
about 50 per cent of normal and to prevent a cumulative effect  Of
the § patients so treated § have remained free of phlebitis for periods of
2 to 7 years Two 1n whom arteral involvement was already gross
came 1o amputation and one died followng cardiac arrest duning a
subsequent operation
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Fi g—Graph toillustrate the intermttent type of dosage of tromexan and the effect
on prothrombin activity 11 3 man with migratory phlebitis treated as an out patient

The 6 patients without evidence of arterial involvement form a
somewhat heterogeneous group  One of them has already been referred
to earlier in this paper as the first patient to be put on anticoagulant
therapy as an out patient (p 282) A secand whose symptoms closely
resemble those of the first patient has been on anticoagulant therap:
for two years and each attempt to d h or stop ant ulant:
has been followed by further thrombotic ncidents It 1s suspected
that he may have a neoplasm but to date there are no localising signs to
1ndicate a possible site

Although the appearance of spontancous recurrent deep venous
thrombosts may be the first sign of the presence of neoplasm the
following case illustrates another possible cause (T1g 10)

A man of 52 was admitted to hospital n August 1949 with spon
taneous deep venous thrombosts i the nght leg  This was treated by
full hepanmisation and had improved so much 1n § days that we were
persuaded to discontinue treatment and allow him to go home In
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September and October 1949 he had six minor episodes of right sided
chest pain and m October there was a recurrence of venous thromboss
in the right leg, gross swelling and cedema of the leg being preceded
by superficial phlebitis 1n the night thigh, pan mn the nght side of the
chest and hxmoptysis This time he treated humself by rest  bed at
home and he improved but swelling of the right leg persisted He
came back to hospital in February 1951 with this complaint  Dental
sepsis was found and tooth extraction advised and this was done under
penicillin cover, hzmolytic streptococcus bemng isolated  Before the
tooth sockets had healed he had repeated episodes of venous thrombosis
in the left forearm  When the tooth sockets had healed he was given
a 3 months’ course of tromexan  When seen in March 1952 he was

L2 R4y 850
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HEPARIN - BED AT  TEETH EXTRACTION TROMEXAN ELASTKC
5 DAYS HOME ELEVATION LEG 3 MONTHS  STOCKING
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DowN MARTING BANDAGE
Fic 10 —To1llustrate the symptoms chmical findings and treatment 1n a case of
recurrent deep venous thrombosis migratory phlebiis and pulmonary embols

well It would appear that 1n this case credit for his recovery 1s largely
due to the dental attention he received and that anticoagulant therapy
played 2 minor part

Of the 3 other patients in this group one has continued to have mmor
attacks of superficial phlebitis 1n the lower hmbs  the other two
remained free of symptoms for 6 months and 4 years respectively

(f) Marscellaneous —1 do not propose to discuss details of a small
group of patients who were gien anticoagulant therapy because of 2
vanety of conditions including one case of frostbite but wall just
mention that 1n 5 patients who had had previous thrombo embolic
episodes and required operative treatment a trouble free cony alescence
followed prophylactic anticosgulant therapy given n the immedate
post operative period

CONCLUSIONS
In conclusion what did we hope to achieve by the use of anticoagu

lant therapy m these cases ?
In cases of arterial or venous thrombosis we hoped to prevent or at
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Jeast slow down consecutive thrombosis and to permut or encourage
resolution of thrombus already present It was also hoped to prevent
embolic episodes

It 1s too earls to evaluate the results of treatment in cases of chronic
obliterative arterial disease but we have found it 15 possible to use
tromexan for long periods 1n these cases treated as out patients and
1t may be that long term prophylactic therapy will prove useful

In cases of arterial embolr 12 lmbs I thimk anticoagulants have
helped to preserve function by preventing consecutive thrombosts
and blochage of collateral channels Further embolic eptsodes have
not been prevented

Pulmonary embolt occurred during treatment in 10 of the 200 cases
of venous thrombosss betng fatal mnone  This incidence 15 considerably
lower than the 30 per vent reported by Zilliacus (1946) i untreated
cases 1n which the mortality was g 3 per cent  The finding of thrombus
1n the leg veins of 17 of the 19 patients who died of unheralded pulmonary
embolism has made us beheve that 1t should be possible to dimnsh
this number by making greater efforts to discover signs of thrombosis
1n the himbs at an earlier date

REFERENCES

Burr C C (1947) Edin Med Journ 54 632

CRAFOORD D C (1937) Actz chir Scand 79 407

Crar0ORD D C (1939) Acta cher Scand 83 319

Doucras A S and BRoOWN A (1957) Brit Med Journ 1 412

KENNEDY A C and BROWN A (195.) Glasg Med Journ 33 89

Lirwins J ef al {(1951) Proc Soc exp Bl NY 77 325

LoEWE L and ROSENBLATT P (1944) Amer Journ med Sci zo8 54

Love M HURN M and BARKER N W (1946) Proc Mayo Clin 21 225

MACFARLANE R G and BIGGS R (1946) Lancet z 862

MurrAY G D W and BEST C H (1938) Ann Surg 108 163

REmIs Z and KUBIK M (1948) Cas Jek ces 87 312

SOREASON C W and WRIGHT 1 S (1950) Circulation 2 658

SouLlEr J P and GUEGER J (1947) CR Soc Biol Paris 141 1007

Sumgum M A HueeNiR C F and LINK K P (1941) Jowrn Biol Chem
138 513

STIRUNG M and HuNTER R B (1951) Lancet z 611

TUCKMAN M 5 and MOOLTEN S E (1950) Amer Journ med Scz a8 147

WavrtoN K (1951) Proc Roy Soc Med 44 563

ZiLutacus H (1946} Acta med Scand Suppl 171



INFANTILE GASTRO ENTERITIS
Bv GLENYS M LOWDON MRCP

THE term ‘mnfantile gastro enteritis’ has in the past included a
group of diseases Some of these have now been recognised as separate
entittes and 1t 15 possible that further distinct conditions may be
separated when the tiological factors are more clearly established
I shall first describe the chincal features of the syndrome which 1s the
subject of my lecture

CLINICAL FEATURES

The great majority of cases of non speaific gastro enteritis oceur
16 tfants under one year of age Oser one year of age the occurrence
ot enteritis 1s much more frequently assocrated with a specific intestinal
mfection

It 1s important that all enteritis associated with known pathogenic
orgamusms should be excluded such are the shigella group (of which
Sonne dysentery 1s the most common) or the salmonella group (of
which aertryche mfection 1s farrly common) The remamning cases of
gastro enteritts are conveniently called non specific’  The speafic
darrheeal diseases have a known course and some are known to respond
rapidly to certain drugs They should not now be included i anv
study of infantile gastro enteritis unless they are clearly rdentified

The onset of non specific gastro entenitis 1s vaniable Diarrhcea
(varying from infrequent but loose stools to frequent copitous and
watery motions) 1s present n all cases at some time m the course of
the disease Vomiting 1s not a constant feature sometimes anorexia
alone occurs but occasionally vomuting 1s severe and may be the
predominant symptom

The clinical picture apart from diarrheea and vormting depends
upon the severity of the illness the duratson of the symptoms, and the
health of the child prior to the onset of enteritis  In all but the mildest
cases dehydration and electrolyte imbalance are present and m all
more severe cases signs of shock and crculatory collapse oceur and
require active measures for thewr correction In the most severe cases
an infant may be reduced to a dangerous state of circulatory collapse
within twenty four hours of the onset of symptoms

The appearance of such an infant 1s characteristic  The eyes are
sunken and skin dehydration 1s present The face and extremtties
are cold and cyanotic

Autopsy exarmnation of fatal cases reveals nothing except a fatty
Liver and shght congestion of the gut from which no pathogenic
organsms can be cultured

Read 7th June 195t
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Fortunately fatal cases are now uncommon except in bad epidemies
The disease 1s so variable that epidermics characterised by cases of
quite different seventy may occur at different times or i1n two parts
of the country at the same hme This variability provides some
justification for the view that different mtiological factors may be
mvolved

ZETIOLOGY

The ztiology of infantile gastro enteritis 15 not yet understood but
various possible ztiological factors deserve attention  These may be
considered under the following headings—dietetic  infections bactersal
or virus of the alimentary tract parenteral infections  and alimentary
toxamia

With regard to dietetic factors we must first note that 1t 15 well
established that breast fed baties rarely suffer from gasiro enteriuis
this 1s probably because thes are not exposed to the dangers associated
with contaminated milh feeding bottles or teats It may also be
important that a breast fed baby 1s usually better nounshed an
under nourished infant 1s more susceptible to enteritis

Apart from these considerations 1t is not obvious that diet 1s of
=tiological significance  Some cases of diarrhcea and vomiting which
can be satisfactortly attnbuted to faulty feeding do occur and should
be excluded from the group called acute gastro entenitss  This type
of drarrheea 1s much less commeon now because of the advice on feeding
that 1s gnven 1n welfare climcs and the ready availability of good dried
mulk preparations

Inevitably the possibihity that the disease 1s due to infection in the
intestines has recenved consideration  Many orgamisms have been
suspected of producing g1stro ententis £ g proteus streptococc: type D
paracolon bacith and the towins of staphylococs The colform
org have been 1r d from time to time recent work
on certain serological types of Bact colr 13 of interest and will be
referred to later

In this connection 1t 15 perhaps sigruficant that in cases of non
specific gastro enterstis which come to autopsy slight congestion of
the gut may be app but more fr 1y no al y pathology
1s found  This 15 1n contrast ta the pathological lesions of 1nf
and ulceration that are found s the mntestine of infants with known
specific 1nfections such as sonne dysentery This lack of local effect
In the gut 15 put fornard as evidence agarnst the nfection being due
to bactenia within the ahmentary tract

The infectivity the lack of immunity and the lack of bacteriological
or pathological evidence of infection have led to the suggestion that 2
virus may be the cause and there 1s some experimental evidence to
support this but this theory also requires further confirmation

The role of parenteral infections m the production of gastro enteritts
remams obscure There 1s agreement that diarrheea tends to occur
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m the presence of some infections among which respiratory nfections
and otttrs media are the most common but a causative relation 1s not
established

An older and rather outmoded theory ts that of alimentary tovemia ,
1t has been suggested that orgamisms wn the gut may, under certain
arcumstances, produce an excess of tyramine which causes diarrheea
(It 1s known that the type D streptococcus produces tyramme ) This
theory does not, however explain the nfectious nature of the disease

GASTRO ENTERITIS IN EDINBURGH

With this brief ntroduction, I propose now to give an account
of the trends that have occurred in infantile gastro ententis n the
Royal Hospital for Sick Children, Edinburgh smce 1935, and to

TABLE 1

Cases of Infantile Gastro Enterstis 1935 1951
Royal Hospital for Swck Children

Yea T talC se ! T 2! Death M ounltyp €t

General Wards

1935 1941 338 1t 35
194 194§ 508 66
1946 1947 196 88 449

Gastro Entenitis Umt

131

158
33

375 16

1947 1948
1930 1951 {March)

present a more detailed analysis of the cases that have been treated
1n recent years in the Gastro enterttis Unut

Prior to 1947, all cases of gastro enteritis admutted to or developing
within the wards at the Children s Hospital had to be treated without
adequate_solation and this was a constant course of cross mfection
“uddle of 1947 a ward was opened at the Edinburgh City

-
F cark: of cases of non specific gastro entenitis under
and fater another small 1solation ward was made
sldren.s Hospital [ refer to these two wards
£ ?

B tedly justified themselves by removing
PR 0’%“’% from the general wards and the
e R e, S o age of a nursmg staff specially

Re ’°%j:,,,:,::e¢;?,°:>,

N

and the Gastro enterrtis Umt since 1935
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The total cases wm all years include those admitted with gastro
enteritis and those contracting 1t within hospital ~ You will note the
diminishing death rate  This 1s 1n accord with other published figures
For the early years a death rate of 30 to 50 per cent was considered a
general average The reduction 1n mortality 1n more recent years 1s
largely attributable to the isolation of these cases m special units
where treatment has been based on imtal starvation followed by
graded feeding and perhaps more mmportant the prompt correction
of dehydration and electrolyte mbalance by parenteral fluds

There are however other factors perhaps relevant to thss fall i
death rate which must be considered As has been noted epidemics
of varying seventy occur from nme to time and the mortality 15 related
to the number of severe cases that occur 1n any pertod This 1s well
illustrated by the high mortality 1n the years 1946 to 1947 The most
recent severe epidemic of gastro enteritis occurred during this period
(actually 1 the early months of 1947) and of the 196 cases over 70 per
cent were of a severe type In contrast n the years before 1946
about o per cent and after 1947 about 40 per cent of all cases
were severe

The time periods shown m Table I have been chosen because they
are related to changes in the routine of treatment 1935 to 1941
represents the pre sulphonamude pertod During this time fluid
replacement was given by subcutaneous intra fontanelle and intra
peritoneal routes Many of the infants recenved no drugs while others
had bismuth kaolin castor ol or bacteriophage

From 1042 to 1945 fluid replacement was by the same techmques
Sulphaguamidine was used extensnely and may have been partly
responsible for the fall in death rate

In 1946 to 1947 fluid replacement was usually made by infusions
mto Iimb veins  Sulphaguamdine was largely replaced by the soluble
sulphonamudes but on the whole sulpt des were less Iy
used than n the previous period and many cases had no drug treat
ment Penicillin injections were given to a few cases

The Gastro enteritis Ward at the City Hospital was started i the
latter part of 1947 and the cases treated there are included with 1948
1 the next group 1 have separated 1947 48 from 1949 51 m order
to show the recent fall of mortality This has occurred 1n spite of a
slight increase 1n the proportion of severe cases and 1s attributable to
mare strict barrier nursing earhier discharge of the patients to prevent
cross imfection more effictent flud and electrolyte replacement and
perhaps m part to more prompt and more adequate use of drugs

Since 1947 1n the Gastro ententis Unit fluids have been given
intravenously when parenteral replacement was considered necessary
In the period since 1949 controlled trials have been madc of treatment
with sulphadiazine oral polymyxin oral streptomycin and chlor
amphenicol  Peniaillin by intramuscular imection has been used
only for incidental staphylococeal infections and otitis media A
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detailed analysis of the patients 1 this Jast group suall <erve to llustrate
some features of the disease and to show the results of our trials of
antityotic drugs, and of our bacterialogical 1nvestigation

REVIEW oF CASES, 1940 51

Fig 1 shows the age distribution of our cases and will serve to
remind you that most cascs oceur under s1x months of age with the
highest number usually at three months The highest death rate
also oceurs in the early months

GASTROENTERITIS AGE DISTRIBUTION IN 406 CASES

80

M DEATHS

w0

7 8 9 10
AGE GROUPS-MONTHS

1 have mentioned the low inadence of gastro enteriis among
breast fed mfants 1 this series less than 3 per cent of cases had
been breast fed immediately prior to admssion mn spite of the fact
that most of the admissions are during the breast feeding months of
age  Another well known feature of the disease 15 1ts assoctanon with
poor social conditions and evercrowdmg  This 15 fully borne out 1n
our expertence  Two thirds of the patients cime from their own homes
which were with few exceptions overcrowded and unhealthy Indeed
a relatrvely hugh proportion of these cases came from temporary hutted
accommodation  The other common sources of patients (which
accounted for the remaming thurd of our cases) are residential nurseries
for babies and hospital wards  The disease 15 very infectious and the
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admussion of one patient with gastro-enteritss to an mstitution or ward
1s very lable to lead to cross mfection As m homes, overcrowding
1n general wards ncreases the danger

The seasonal incidence of our cases shows a slightly higher adnussion
rate 1n the winter months ~ Gastro enteritis used to be called  summer
diartheea  simply because the highest number of cases then occurred
1n the summer months but 1t has been a general expenence 10 more
recent years that this 1s no longer the case This alteration 1 the
seasonal merdence has led to the suggestion that summer diarrheea
was a different disease

Table II shows the number of infants 1n whom parenteral infections
were present on adnussion Though the number of patients with
oral thrush 1s shown I have not included these in the total and m the

lculated d of 1nfe as 1ts presence 1n these patients

was theught to be secondary 1o the gastro enteritis

TABLE II

Farenteral Infectrons on Admssion 11 375 Cases of
Infantile Gastro enteritis

Respiratory 38

Total Cases] Outrs Media 8 } 7 =209
375 Skin Sepsis 1
Thrush 34

The finding of parenteral infections 1n only 20 per cent of these
cases 15 much lower than that reported in many other series but 1t
1s of interest that most of the cases with resptratory infection occurred
m association with mild epidemics of gastro ententis m the winter
months of 1950 and 1951 Most of the patients in these eprdemics
either had a respiratory infection on admussion or had just recovered
from one The sigmficance of thts observation 15 however doubtful
because many of these cases came from open general wards where the
high rate of admussion for respiratory disease had led to overcrowding

The climcal madence of otitis media 1s not easy to assess because
the diagnosis of this condition 1s notoriously difficult in mfants with
gastro enteritis  this difficulty 1» probably the greater because the
chemotherapy now used tends further to mask the climcal features
of the aural condition It 1s stgmificant that in the 26 fatal cases since
1946 mn which autopsies have been obtamned and the ears examined
nfection of the middle ear and mastoid has been found mn g or about
one third of the cases Prior to the period when antibiotics were
available the incidence of middle ear and mastord infection i 141 cases
coming to autopsy was 45 per cent While it 1s not suggested that
the otitts media 1s a cause of gastro enteritis these observations serve
to emphasise thit the physician treating this disease must be on the
watch for infection of the middle ear particularly n any patient who
1s not responding to treatment as might be expected
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The group covered by the term ¢ sepsis  includes purulent con
junctivibis paronchyia  staphylococcal skin lesions and one case of
vdccima with secondary infecton  These vanous conditions are
probably comncidental

TREATMENT

Before we consider the results of antibiotic therapy n gastro
enteritis 1t must be emphasised that the vilue of these drugs 1s still
i question and that the essential treatment 15 still based on nursing
diet, and fluid and electrolyte control

It has been our practice since the gastro enteris umt began m
1947 to follow a basic routine n all cases so that the value of any
added therapy can be more easily assessed

All cases except the most severelv collapsed receive a gastric lavage
on admussion and 1 the milder cases this opportunity s taken to
leave an appropriate amount of fluid 1n the stomach for more rapid
rehydration  One of the dangers in the severely 1l child 1s that of
asprration of vomitus which if 1t occurs 1s almost invarably fatal
Gastric lavage reduces the risk of this complication as does also
starvation

For the first twenty four to thirty six hours after admisston all milk
1s withheld and only water glucose and electrolytes are grven—
whether these are given by the oral or intravenous route depends on
the assessment of the severity of the condition and dehydration on
admissson

I would stress the unportance of a careful clinical assessment at
this ime  All severely dehydrated collapsed or toxic infants require
mtravenous therapy immediately and in these only the necessary drugs
are given by mouth  In 1infants judged to be less seriously 1ll fluids are
given orally  the child must then be watched carefully for the first
twenty four hours and if there 1s any mntolerance of oral fluids as shown
by vomiting or more coptous diartheea intravenous therapy must be
substituted T think 1t 1s the better recogmition of these danger signs
and the prompt use of mtravenous flurd when necessary which has
helped most to reduce the death rate from gastro enteritis  The
MR C has advised that all case~ requiring intravenous therapy
within the first twenty four hours should be classified as severe ,
the remainder as muld  and we have used this classification i all
out cases

The flud requirements are based on the formula 23 oz flmd/lb
body weight/day with an imtial 10 20 per cent increase to combat
dehvdration We use half strength Hartman s solution with 5 per cent
glucose orally or intrav enously 1n the first twenty four to thirty six hours
In all severely collapsed infants some intravenous plasma 1s substituted
for part of the calculated fluid take

In a few cases signs of severe acidosis appear and 1t 15 necessary
to correct this by special fluds such as 1/6 molar lactate
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Darrow 1n 1946 demonstrated that infants suffenng from diarrhcea
and vomting have an excessrve loss of potasstum salts and that some
die from potassium defictency  In view of this all our cases since
1947, after imtial correctron of dehydration have recened 4 1 gm
daily of potasstum chloride by mouth or mtravenously until adequate
mulk feeds could be given

Following the mitial starvation pertod graded feeding with mulk
of low fat content 1s gnen for this we use a half cream dried mulk.
Supplements of vitamuns B and C are given from the onset and
vitamin b 1S given 1n any sesvere case where Iner damage 1s suspected
This regime 15 usually sufficient but 1n a few severe cases the addition
of blood or plasma by travenous infusion 1s benefictal

It remams to consider specfic drug therapy In assessing the
results of spectfic therapy there 1< considerable difficulty 1n the choce
of critersa  The mortality rate 1s now so low that 1t 1s of little value
1n the assessment of treatment A fairly satisfactorv solution to this
difficulty 1s to take two figures mn each case—the number of days of
diarrheea after admussion and the number of days to full chincal
recovery when full feeds are tolerated and the snfant 1s gaimng weight
These criterza have been adopted for the M R C tnals

The varying seventy of the disease has already been emphasised
and for this reason 1t 1s essentral that any series of cases treated by
a drug under tnal must be compared with a control series conststing
of cases occurning i the same centre at the same time and with cases
of comparable age and severity In practice we allocate alternate
mild cases and alternate severe cases to the control and trial groups
Most gastro enteritis umits have treated their control cases without
any routmne chemotherapy but I have not felt justified in withholding
all drugs and we have compared the cases recenving the oral antibiotics
—polymyxin streptomycin and chloramphenicol—with cases recetving
sulphadiazine This has the advantage that 1t tends to eliminate the
possible fallacy that the antibiotics may be given credtt for benefit
which 1= not spearfic but due to control of medental or secondary
septic infection

RESULTS OF TREATMENT

It 15 not practicable at the moment to present all the results with
appropriate control series and I shall confine myself to showing you
a summaty of the results of treatment 1n the last 385 cases

Table 111 shows the total number of cases m each group and the
average number of days of diarrheea and days to full clinical recovery
The relapses and deaths are presented as percentages because the
absolute numbers would appear misleading

The 54 cases treated without chemotherapy were early cases and
were mostly mild 1 type Ths detracts from the value of the figures
shown for this group

Parenteral penicsilin was given to some patients 1n each group

10 treat infectve plications  such as phlebitis from mntraven
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wnfusions or otitts media but 1t 15 not thought to have had any effect
on the enteritis and 15 not represented except 1n the group of 41 cases
m which 1t was given from the time of admission along with sulpha
drazine  The figures suggest that 1t does not mfluence the course of
the disease

It will be seen that there 15 little difference between the results
with sulphadiazine and those with chloramphenicol ~ Polymyxin and
oral streptomycin appear—judging by the number of days to full
climical recovery—to be less effective

My own opinion would be that these results are inconclusve  The
relative values of chloramphenicol and sulphadiazine will not be
adequately assessed until a severe epidemic of gastro enterttts occurs
Other workers have had a more favourable impression of chloram
phenicol but 1t 1s not possible to say yet whether 1t has any specific
action on gastro enterttis or 1s merely effective 1n combating secondary

nfections
TABLE 111

Results of Treatment in 385 Cases of Infantile Gastro enterthes

A g A x P P ent

O Diddea | G ¥ | Rlw g | Maly
No drugs 5% 8 19 37
Sulphadazne 138 £ e 32
Sulphadiazine and pemallin 41 54 187 73
Polymyxin 15 &3 251 0o
Streptomycin (Qral} -9 65 68 34
Chloramphemcol 83 63 166 79

The dose of sulphadiazine used has been 1 § 3 gm daily for 7 days
One case developed hamaturta and sulphadiazine had to be stopped
Otherwise no toxic effects occurred  Polymy<in was given orally 1n
a dose of 12 mgm /Ib body weight per day for sic to twelve days
There were no toxic effects Oral streptomycin was gnen in a dose
of 1 2 gm [day for six to twelve days with no tovic effects Chloram
phenicol was at first used n a dose of 50 mgm /b body weight per
day for seven days and later 75 mgm /Ib body weight per day was
gren Few toxic effects were noted In some the buttocks became
excoriated and skin rashes occurred 1n a few but these lesions cleared
quickly It was noted occastonally that a certamn looseness of the
stools continued while the mfant was on chloramphemicol and this
stopped after the drug was discontinued In only one patient did
chloramphenicol produce vomiting

Streptomycin produces complete sterility of the stool for a time
in many cases  the effect of polymyxin chloramphenicol and sulpha
tazine 15 not so complete but there 1s considerable reduction in the
flora Oral streptomycn has however the disadvantages that no
systemic antibotic effect 1s obtaned and that 1ts use tends to produce

resistant strains of organisms
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BACTERIOLOGICAL STUDIES

In conclusion I would Iike to refer briefly to our bacteriological
mnvestigations  In recent years considerable interest has been shown
1 the relationship of certain serological types of Bact coli to gastro
enteritis  Bray (1945) reported cases from which he recovered a stram
which he called Bact coli neapolitanum Srmuth in Aberdeen, has
1solated from cases with gastro enteriis two types of Bact cols which
he called alpha and beta ~the alpha strain corresponds to Bray s Bact
coli neapolitanum

In an outbreak in Aberdeen Giles Sangster and Smith (1948
1949) found this alpha strain in over go per cent of cases More
recently Taylor Powell and Wright (1949) and other workers have
found a high maeidence of this type of Bact colt 1n epidemics of gastro
enteriis It would appear from the work that 15 at present beng

TABLE IV

Incidence of Serological Types of Bact colt on Admission in
304 Cases of Infantile Gastro enterttss

Pe €
Tl leo ) | som | ne fo e
1949 90 40 ! 50 44 64
1950 (Jau May) 9 69 / 25 75 85
June 1gsoto Mar | 12 18 4 S0 34 43
1951

done that other serological types of Bacz colz may be assouiated with
clinical gastro enteritis the predomnant type varying from time to
time and from epidemrc to epidemic  Unfortunately some confusion
n nomenclature has arisen, as several groups of workers have named
for themselves strains which have eventually proved to be the same
The tendency now 1s to accept khaufmans numbering of the types
By this classifi alpha b, O 111 and beta becomes
0355 I am going to refer to the two strains ( alpha and beta )
i the same way as Dr Smith of Aberdeen from whom we ongmally
got our testing sera

Tam greatly indebted to Dr Margaret McNeil who has made detarfed
bacteriological studies on our cases The serological types of Bact
colt 1n the stools of most of the infants have been idennified and
many these observations were made daily for the whole time the infants
were in hospital  The typing 1s based on slide and tube agglutination
with specific sera and biochemucal reactions

Table IV shows the mncidence of the relevant serologtcal types of
Bact coly at the tme of admussion  From 1949 to May 1950 only the

alpha  strain was tested for routinely  After June 1950 all cases

were fested for both alpha and beta stramns

I
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Before ashing you to accept the significance of these figures, 1
would like to draw your attention to other observations In the first
place, the incidence 1s higher 1n the cases which were chmcally severe
1n 1949, 64 per cent and in January to May 1950 85 per cent of severe
cases were positive for the *“ alpha ” stram  From June 1950 to March
1951, 43 per cent of severe cases were positive for alpha *or ‘beta
strains

Moreover these stramns of Bact col: are not often found n healthy
mnfants  No instance of alpha’ stramn of Bacz cols was found
124 infants 1n nursertes m the town by tests made in the same period

Of 105 nfants with gastro entenitis whose stools were postive for

alpha " stramn on admission 89 (or 85 per cent) had no “alpha
Bact colr at the ime of discharge from hospital

Nor can the appearance of these strains be attributable only to
iliness or diarrhcea We have found that among 47 infants under
two years of age with specific ententss, only about 19 per cent had
the alpha” strain of Bact coli 1n the stool on admrssion

If we return now to the figures shown for the mncidence of the
special serological types in infants with non specific gastro enteritis
you will note the high percentage of cases positive for alpha’ strain
m the first five months of 1950 It 15 of interest that many of these
cases were admutted from a general medical ward where an epdemic
of gastro enteritis occurred following a period when the ward was
over taxed with cases of respiratory infection Every case of gastro
enteritis from this ward was associated with the alpha stram mn the
stool

After June 1950 testing for the beta type became routine
and as you can see this strain became predommant It was my
impression that there was at the same time a change m the chimeal
type of gastro enteritis the cases being much less severe

The madence of alpha or beta strains on admission 1s only
the beginming of the problem It 1s important also to find out what
happens to these strains as the disease progresses to recovery We have
now studied daily rectal swabs on 223 cases durmng therr stay in
hospital some 1n respect of alpha alone others for both alpha
and beta strains It must suffice to say that while about two
thirds of all clinical exacerbations and relapses are found to be associated
with the appearance, or reappearance of alpha or beta stramns
1n the stool 1t 1s also found that these stramns of Bact cols can appear
while the patients remamn n the ward without climcal deterioration
It 1s posstble that a  carrier state may exist for some time and this
may explam some of these results

‘Additional serological types of Bact colt are now bemg 1solated,
and 1t 15 suggested that different epidemics are assocrated with different
strains of the orgamsm It 1s concevable that the negative observattons
w11l dimmsh as these types become known

The significance of these observations 1s not quite clear and the
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assoctation of the special strains of Bact cols with gastro enteritis 15
not necessarily 2 causative one but some association there appears to
be and further study of the problem would seem to be very desirable

I wish to acknawledge my ndebtedness to Professar R W B Ellis ard Dr A
Joe who have given me the opportunity and the facilities to carry out the work reported
m this lecture and to thank the nursing stafls and the resident doctors who have
looked after the infants in the Royal Hospital for Sick Children and the City Hospatal

‘The chloramphenicol was supplied by the Medical Research Councit
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SOME OBSERVATIONS ON CONGENITAL INFANTILE
HYPERTROPHIC PYLORIC STENOSIS

By DOUGLAS N NICHOLSON MB FRCPE
Physician Royal Hospital for Sick Children Edinburgh

STUDENTS of medicine during their undergraduate days are fortunate
if they have the opportunity of seemng an infant .uffering from the
mamifest symptoms of congenital hypertrophic pyloric stenosis and there
are few who have had the good fortune to carry out a detailed clinrcal
exarmnation of such a baby under an experienced demonstrator
The clinical knowledge therefore of those medically qualtfied men
and women who go out from our medical schools regarding this relatively
commeon condition 1s indeed most adequate

The condition 15 much more common than 1s generally believed
During the year 1951 out of a total of 3281 children admutted to the
medical and surgical wards at the Royal Hospital for Sick Children
mn Edinburgh there were 45 cases ot congenital pyloric stenosss
‘That 1s 13 7 per 1000 admissions or one case 1n every 73 6 Cases was 2
pyloric

Wallgren reported that of all children born 1n Goteborg from 1934
10 1940 1 1n 250 born developed pyloric stenosis (2 ¢ 4 per 1000 births)
He further found that the mcidence was 1 in 770 girls born and 1 1n
154 boys born  From other observers, such figures as I 1 213 births
(Schzffer and Erbes) to 1 m 400 births (Crammer) have been recorded
In 1946 Davison estimated that 1n Newcastle the incidence was about
3 per 1000 hive births 1n infants born between 1939 and 1942  Figures
from different countries will vary depending upon the methods and
facilities for examination It would appear that the condition s rare
1n the Latin races and possibly amongst the Negros

Although congemtal hypertrophic pyloric stenosis has been con
sistently reported as being definutely more common n first born babies
and m affecting males 1 do not feel that these facts should really
influence the doctor 1 his diagnosts as any child may be afflicted
regardless of sex or position in the family and there may be two
three or even more affected 1nfants 1n the same famly

Read oth November 195~
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SYMPTOMS AND CLINVICAL COURSE

The symptoms and chinical course of pyloric stenosts are usually
very charactenistic and uniform  The first symptom 1s vomiting which
of course 1s the commonest symptom m any small infant and may be
due to many simple factors  There are other conditions which may
gnve nise to difficulties m the differential diagnosis and which must be
borne in mind (Table I)

TABLE 1
Congemtal Infantsle Hypertroplc Pylorc Stenosis
Differential Dragrosts

Sumple feeding disorder with vormting:
Dyspepsta.
Hyperactive infant with vormiting
Pylorospast (doubtful as an entity) (functional)
Other causes of high intestinal obstruction
Congenital bands pressing on duodenum
Congenital atresia of duodenum
Congental diaphragm near pylorus
Congemtal short eesophagus
Mixed adrenal disease
Acquired parenteral disease
Otitis media,
Menmgitis
Unmary infections
Other infections
Enteral infections
Gastro-ententis

(Esophageal Thrush

N\OTE ~—Gastric pensaltic waves are lly seen m small d mfants
wha do not have congemtal hypertrophic pylonc stenosis

The vomiting of congemtal pyloric stenosis usually does not begin
until ten days to a fortnight after birth although occasionally some
vomuting 1s said to have been present since birth  The vomiting may
and often does start abruptly but usually begmns as a regurgitation of
feeds The quantity vomted ts at first small but soon 1t may amount
to considerably more than the previous feeding due to gastric retention
of the previous feeds and the gastric secretions  The vomutus 1s curdled
mulk with mucus It 1s acid 1n reaction and never contamns bile  There
may be some blood streaks or altered blood present The act of
vomuting 15 foraible and sudden and the ejected contents may be
projected several feet and partly through the nose In the early stages
1t 1s characteristic that even n spite of the vomiting the baby remains
hungry and looks well He 1s not fretful nor has he the toxic drowsy
look of the dyspeptic infant  His tongue s clean and he remains very
eager for food or drink 1 have often noted his typrcal factal expression
and 1t 1s mstructive to watch him feeding  Shortly after he has taken a
quantity of milk he will quickly show an  expression of worry  as 1f



134 DOUGLAS N NICHOLSON

suffering from some slight discomfort He will then suddenly have
forcible vomit which will be associated with a look of disgust and
annoyance at the loss of his feed, although sometimes one suggesting
relief from shght uneasiness He immedrately looks around and if
another feed 1s offered, will once again appear eager for 1t and the
suching reflex will produce his pouting lips to receive the teat or nipple
There would therefore not appear to be any definite symptoms of
pain or nausea associated with the early stages of this condition

If the winfant continually vonuts and little food passes through the
pylorus into the intestines, then he will become constipated and quickly
lose weight and become dehydrated  These are the associated symptoms
The constipation will naturally vary according to the amount of milk
passing through the pylorus and the stools are usually small and hard
but later become scanty dark olive green mn colour, soft and shmy—
the socalled “starvation diarrheea which 1s so frequently mis
wterpreted by the medical attendant

With these suggestive symptoms the diagnosts of pyloric stenosis
15 made by observing the baby feeding xhen marked gastric peristalsis
ts usually seen passing from left to right across the upper abdomen
After a feed the stomach often can be seen and felt standing out and
tense through the thin abdominal wall

Conclusive evidence of the condition 15 the palpation of the hard
mobile pyloric tumour  Thus 1s usually situated just beneath the outer
edge of the right rectus muscle just below the liver margin It can
often be felt even in the absence of visible gastric perstalsis and 15
usually quite a typrcal and distinctive clinical mantfestaion  The
tumour varies 1n size from a small pea to that of an oltve and it may be
very hard or more fleshy to the feel Its charactersstic feature 1s that
1t 1s noticed to harden and relax under the examining finger ~Several
careful exammations of the abdomen may be necessary before the
tumour 1s palpated especially where there 1s a considerable dilatation
of the stomach as the pyloric region mav then be pushed up under the
liver edge or folded behind the dilated gastric organ  In these cases I
have at times felt the hard tumour come forward and hit my examming
finger immediitely on the act of the infant vormting

As there 15 always a firm tumour in this condition 1t should be
possible to palpate 1t 1n every case and 1t 15 of interest that at the Roy al
Hospital for Sich Children during the post war pertod when the
majonity of cases have been operated upon the tumour has been
clinically demonstrated n 97 3 per cent of cases by more than one
observer, and 1ts presence verified at subsequent operation In the
literature the palpable pylorus has often not been found I am
struck that in a sertes of 145 cases ireated by operation at the Royal
Hospital for Sick Children n Edinburgh during the period 1922 to
1933 the palpable tumour was recorded only 1n 24 1 per cent of cases
The figures from other authors record a range from about 44 per cent
to 100 per cent although most observers clam a posite palpation
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n about 90 per cent of cases There are many cases known to us
where an operation has been performed 1 which 2 pyloric tumour
was said to have been felt and where no tumour was found at opera
tion It 1s thus of ymportance to have knowledge 1n this branch of
children 5 work and to have the tumour confirmed by at least one
expenenced doctor before submtting the infant to operation

1 beheve that useful information to aid diagnosts can be obtained
by passing the stomach tube three or four hours after a feed Not only
may a defimte gastnc retention be proved but also if much heavy
mulk curd and thick mucus 1s found a more exact chinical picture 1s
obtamed of the physical condttion within the stomach  For this very
simple procedure a soft rubber catheter (6 to 8 English gauge) 1s used
The tip 13 lubricated with glycerine and slowly passed over the back
of the mfants tongue Gentle pressure 1s kept up and the child con
tinues to swallow The gastric restdue can be syphoned off measured
and examined The stomach can then be washed out with waler or
normal salme The careful employment of gastnic lavage 15 mn my
opinion not only a useful help i diagnosts but also a valuable thera
peutic measure 1n avording or alleviating the gastrtis which 1s so
commonly associated with gastric retention in these imfants The
finding of a residue on gastric lavage 15 not mfallible evidence of the
delay 1n the stomach emptying bemng due to pyloric stenosis as 1t may
be temporarily present 1n other conditions in infancy which have no
organic pathological cause

Some observers particularly in Sweden beheve that the diagnosis
should alwayvs be made by radiology and they insist that not only must
gastric delay be shown but that by a special technique a more accurate
visualisation of the pyloric canal 5s made with barium and the repeated
demonstration of a much narrowed and elongated channel which s
devoid of peristalsis

I have seldom found recourse to radiology necessary in bhisk
the diagnosis of the manifest case of pyloric stenosis It 15 possible that
snild cases may have been mussed as 1t 1s known that such cases settle
down f: 1ly without owing to theirr nuld symptoms
and the natural history of the disease whch 1s self ltmiting the pyloric
difficulty usually being overcome by the fourth or fifth month of hfe
1 have seen a child who died at 3} months of age from an acute
encephalo poliomyehtis where a pyloric tumour was found at post
mortem and where there was no history or symptoms drawing attention
to a pylonc difficulty dunng life I know of other instances where

pyloric tumours have been found post mortem and unsuspected
durning Iife

ATIOLOGY

Although there 1s an abundance of literature regarding the ztiology
of congemtal hypertrophic pyloric stenosis the question s still con
sidered obscure  Probably the first case to be reported was in America
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suffering from some slight discomfort He will then suddenly have a
foraible vomit which will be associated with a look of disgust and
annoyance at the loss of fus feed although sometimes one suggesting
rehef from slight ur He diately looks around and if
another feed 1s offered will once agam appear eager for 1t and the
suching reflex will produce his pouting lips to receive the teat or nipple
There would therefore not appear to be any defirute symptoms of
pam or nausea associated with the early stages of this condition

If the fant continually vomits and httle food passes through the
pylorus nto the intestines then he will become constipated and quickly
lose weight and become dehydrated  These are the associated symptoms
The constipation will naturally vary according to the amount of milk
passing through the pylorus and the stools are usually small and hard
but later become scanty dark olrve green in colour soft and shmy—
the so called ‘starvation diarrhcea which s so frequently mus
interpreted by the medical attendant

‘With these suggestive symptoms the diagnosis of pyloric stenosts
1s made by observing the baby feeding vhen marked gastric pertstalsis
1s usually seen passing from left to right across the upper abdomen
After a feed the stomach often can be seen and felt standing out and
tense through the thin abdomnal wall

Conclusive evidence of the condition 1s the palpation of the hard
mobuile pyloric tumour  This 1s usually situated just beneath the outer
edge of the right rectus muscle just below the liver margin It can
often be felt even 1n the absence of vistble gastric peristalsis and 1s
usually quite a typical and distinctive climcal mansfestation  The
tumour vartes in size from a small pea to that of an olive and 1t may be
very hard or more fleshy to the feel Its characterstic feature 1s that
1t 15 noticed to harden and relax under the examinmg finger Several
careful examinations of the abdomen may be necessary before the
tumour 1s palpated especially where there 15 a constderable dilatation
of the stomach as the pylonic region may then be pushed up under the
liver edge or folded behind the dilated gastric organ  In these cases I
have at times felt the hard tumour come forward and hut my examming
finger immedtately on the act of the infant vomuting

As there 1s always a firm tumour m this condition it should be
possible to palpate 1t 1n every case and 1t 15 of interest that at the Royal
Hospital for Sick Children during the post war period when the
majority of cases have been operated upon the tumour has been
clincally demonstrated 1n 97 3 per cent of cases by more than one
observer and 1ts presence verified at subsequent operation In the
literature the palpable pylorus has often not been found I am
struch that i a series of 145 cases treated by operation at the Royal
Hosprtal for Sich Children i Edinburgh durtng the pertod 1922 to
1933 the palpable tumour was recorded only 1n 24 1 per cent of cases
The figures from other authors record a range from about 44 per cent
although most observers claim a positive palpation

to 100 per cent
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THE ANATOMICAL AND PATHOLOGICAL PROBLEM

In considerg the hine of treatment of any condition 11 medicine
we should try to understand the analomy physiology and pathology
of the problem before us  What do we know in this respect concerning
congemtal hypertrophic pyloric stenosis in infants ?

Let us contrast the anatormeal appearince of the pylorus of a normal
snfant with that of one of the same age who has died with congemital
hypertrophic pyloric stenosis (Fig 1) In contrast you will note the

Fi6 1-~Longitudmal section of pyloric region from (1) an nfant wth congenstal hypertrophic
pylonc stenosis and {2} a normalanf nt of the same age

marked muscular hypertrophy in the region of the pyloric canal This
hypertrophy 1s confined to the circular muscle coat and consists of a
hard mass which completely encircles the pyloric canal It 1s farly
well defined at the proximal end although m cases of some duration
1t gradually blends with the hypertrophving stomach wall proximal to
1t At the distal end 1t 15 well defined and can be seen projecting mnto
the normal duodenum something hke a cervix does mto the vagma
The crrevlar fibres of the pylonc sphincter are not affected (Fig 2)
Note position of the pyloric sphincter

On comparing the transverse section of the affected pyloric areas
from a mine weel. old mfant with that of 2 normal infant of the same
age John Thomson demonstrated clearly certamn important features
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by Hezekiah Beardsley, who 1n 1788 presented a * Case of scirrhus
the pylorus of an mfant before the Medical Soctety of New Haven
The case was later republished 1n the Arehsves of Pediatrics in 1003
In 1887, Hirschsprung described 2 cases of congemtal pyloric stenosis
and gave an account of the pathological changes  He belteved that the
condition was a prumary congenital hyperplasia  In 1896 John Thom-
son recorded 2 cases He also mentioned that the earhest recorded
case of the certainly congemtal varsety of pyloric obstruction which he
was able to find was one published by Thomas Williamson of Leith
i 1841, where the condition was found at post mortem Thomson
believed that a true muscular hypertrophy such as described by Hirsch
sprung never occurred as a primary phenomenon, but always as a
result of antecedent overaction and postulated some kind of inco
ordmation between the stomach and the pylorus which had existed
for some time previously, probably beginmuing 2 utero  He pomnted
out that a co ordination between the stomach and pylorus began long
before birth when fluids pass through and therefore felt justified m
retaming the term * congenital®  He thought that the essentral lesion
was not a muscular one but a nervous one—  a functional disorder of
thenerves  This view was also held by John Fraser who was a surgeon
to the Royal Hospital for Sich Children in Edinburgh for over thirteen
years He again pomnted out that the hypertrophy did not affect the
arrcular muscle fibres of the true pyloric sphincter He considered 1t
significant that the upset occurred at a situation in which a pure
parasympathetic nerve supply merges into an area 1 which a mixed
sympathetic and parasympathetic supply exists  He thought that
there mught be a persistence of motor function without the beneficial
mfluence of nhibition

It seems posstble that there may be a congenutally conditioned
predisposition to the muscular hypertrophy of the pyloric canal which
15 linked up with some 1inco ordination of the nervous mechanism to
that region  The fact that the condition 1s so very definitely hmted
to an age period would suggest that there was some maternal hormonal
action erther from the placenta or the mothers milk which nttiated
the muscular hypertrophy No absence of ganglion cells i the
submucosa of the affected segment has ever been proved which might
have suggested an analogy to Hirschsprung s disease

There are several reports of a defimite pyloric tumour being found
in premature infants and i sull born babes but tht latter finding
must be very unusual as Dr Agnes Macgregor in her extensive expert-
ence of post mortems on the new born has never seen a case of pyloric
stenosts 10 a still born infant in Edmburgh

A discussion such as this takes us mnto a wide field of theory and
speculation and although the correct answer to the wtiology might
give us the solution to our problem regarding the appropriate treat-
ment and management of our cases and hence make my following
remarks unnecessary I feel I must leave the mntricate puzzle unsolved
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THE ANATOMICAL AND PATHOLOGICAL PROBLEM

In considening the line of tr of any ditton 1n !
we should try to understand the anatomy phystology and pathology
of the problem before us  What do we know in this respect concerning
congenital hypertrophic pvloric stenosis m wnfants ?

Let us contrast the anatomical appearance of the pylorus of a normal
infant with that of one of the same age who has died with congenital
hypertrophic pyloric stenosis (Fig 1) In contrast you will note the

Fie 1 —Longtudmal section of pylonc region from (1) an infant with congemtal hypertrophic
pylonc stenosis and (2) a normal infant of the same age

marked muscular hypertrophy 1n the region of the pylorsc canal This
hypertrophy 15 confined to the arcular muscle coat and conssts of a
hard mass which completely encircles the pylorc canal It 1s farrly
well defined at the proximal end although in cases of some duration
1t gradually blends with the hypertrophying stomach wall proximal to
tt At the distal end 1t 1s well defined and can be seen projecting nto
the normal ducdenum something Iike a cervix does into the vagna
The circular fibres of the pyloric sphuncter are not affected (Fig 2)
Note position of the pyloric sphincter

On comparing the transverse section of the affected pyloric areas
from a mine week old nfant with that of a normal mfant of the same
age John Thomson demonstrated clearly certan important features
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(Fig 3) The ncreased bulk of hypertrophied eircular muscle has
produced 2 tight tube with the pertoneal coat distended to 1ts utmost

Pylonic Sphincter

Tumour
Prajecung
into Duodenum

Hypersrophitd
Ciecular
Muscle

Compressed
acoss

Fic 2 Dragram—FPathelogy of pylonc stenosis
bt This outward teasion 1 well shown by the enlarged crcum
ference and exrcular appearance of the pylorus n contrast with the
smaller and softer looking normal pylorus which 1s obviously not
under tenston  This mability of the serous coat to stretch further

increased
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In 1939 Runstrom published a paper on the Reentgen anatomical
appearance of congenital hvpertrophic pyloric stenosts during and after
the manifest stage of the diserse following up his cases over a pertod of
years He studied hus cases with a techmique to give distinct radio
logical details of the mucous membrane rehief He demonstrated that
during the mamifest stage of active symptoms all his cases gave 2 com
pletely uniform radiological picture (Frg 4) For a distance of 2 to
3 cm close to the pyloric opening into the duodenum  the pyloric canal
was narrowed to a ribbon like lumen  Gastric penstalsts was marked
but did not pass beyond the oral hmut of the constriction  The regron
of the pylonc tumour was devord of persstalsis  The opening time of
the stomach was considerably delayed The duodenal cap was normal
n shape and size  All his cases were treated medically and he observed
them from a few up to 13 years of age

When the p were d radiologically shortly after the
manifest stage he found the pyloric canal was wider and he interpreted
this as due to a decrease 1n the swelling of the mucous membrane a
subsidence of the cedema The emptying time of the stomach was
normal but stll the pyloric ‘tumour region was persstalsis free
This stage appeared to continue for one to four years

He further demonstrated that with the lapse of time the pyloric
canal opened up further and mncipient peristalsis appeared in the

tumour segment This state of affairs was seen at the earliest age
of 2 years and 1n some cases persisted up to the ages of 8 to 13 years

Tt would appear from these studies that a chuld 1o Runstromas
stage 2 can be symptom free even although the hypertrophied muscular
tumour was still well marked and palpable to the examuung finger
Pzdiatricians know that a pyloric tumour can on occasion be felt
some time before the visible persstalsts has begun and also that 1t can
be palpated for many weeks after the of fe p
whether or not the mfant has been treated by antt spasmodic drugs
or only on careful nursing lines ' We alse know that manifest symptoms
can disappear only to reappear after a few weeks whether the mfant
in under medical treatment or not probably due to sudden swelling
of the mucous memb-ane I am convinced that there are many infants
who have the condition which never advances beyond this stage 2
and who are never dragnosed as suffering from pyloric stenosis and
who have only slight episodes of vomiting with no or Iittle interference
with their weight gamn and are often explamed as simple gastric upsets
or are completely 1gnored

1 hope that I have been able to demonstrate that there are at least
two reasons for assumng that there 15 a difficulty to food leaving the
wfants stomach These are a ngid peristalsis free tight hyper
trophied muscular tumour which 1s frequently 1n spasm and also a

small lumen blocked bv a swollen mucous membrane which can
obvtously be easily obstructed by mulk curds or thick gastric
mucus plugs  There may be other features of inco ordination of a
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neuro muscular nature between the stomach and its pyloric end but
this has never been proved

We must bear m mind the fact that we are dealing with a human
orgamsm which may overcome its pathological difficulties and that
there 1s always the natural tendencv to win over adverse conditions
Apart from this 1t 15 a well accepted fact that the disease 1s a self
limited one 1n the sense that the pyloric lumen will eventually open up
spontaneously and the child recover provided he does not die 1 the
process  Medical lnes of treatment have been based on the prnciple
of helping the mnfant to get sufficient food through the pylorus until
the natural process of recovery occurs and the management consists
of small frequent feeds of a mimmal curd forming type possibly with
gastric lavage to remove thick mucus plugs which may obstruct the
pylorus and the admimstration of large doses of eumydrin or other
ant1 spasmodic drug hoping to relax the pyloric muscular spasm

‘TREATMENT

As we do not know the =tiological factors responstble for congemtal
hypertrophic pyloric stenosts we cannot as yet attack our problem
from 1ts prophylactic angle so we do not know the correct Iine of
treatment of the condition and what I wish to try and demonstrate
1s the best means available to us  The aim of any treatment must be to
overcome this apparent obstructive difficulty at the pyloric region
erther by medical or by surgical means

There 1s a vast hterature on the subject of medically and surgically
treated series of cases with strong advocates for one or other method of
therapy as well as very variable results from both methads of treat
ment The opinion of most padiatricians especrally m this country
and 1n America 1s now 1n favour of operation

I have already stated that there are many cases of pyloric stenosis
which are mild and the shght mechanical difficulty to which 1t gives
nise does not interfere with sufficient food passing mto the mtestmnal
tract so that the infant maintains his progress in spite of some vomiting
If he 15 the older child say about 3 months he will quite likely respond
to medical management alone although he may at any time show
evident acute obstructive symptoms which call for careful review
Those infants who show definite mamfest symptoms within the first
two or three weeks after birth should normally be submitted to
operation

The medical lines of treatment are chiefly those of careful nursing
and feeding management and not only the admyrustration of increasing
doses of eumydrin (atrophine methyl nitrate) This drug s toxic
and should not be admmnistered to a dehydrated mfant and yet to
Pracure sts full action the find 1ntake must not be excesstve I am not
In agreement with the giving of eumydrin as a therapeatic test for
Pylonic stenosis m a suspected case
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of the condition should be overcome  Thus result appears to be attained
and the operation 1s accepted as most satisfactory and successful as a
surgical procedure

The results of healing of the wound over the tumour have been
studied by Wollstein who published her report in 1922 She studied
pathol lly and histologically sp from a sertes of cases who
died from twenty four hours to two years following operation (Fig 6)
The gap between the cut edges of muscle was quickly covered by con
nective tissue from the serosa and submucosa  The muscle cells showed
no attempt at proliferation  As the muscle coat relaxes the cut edges
are slowly drawn together by the fibrous connective tissue of the serosa
She states that from nine to thirteen days after operation the wound has
healed though the site of operation still shows as a definite depression

It would appear then that the Fredet Rammstedt type of operation

cures most of the pathology of congenital hvpertrophic pyloric

stenosis and that although not the complete answer to the treatment of
the condition must be accepted as the best at present available Ths
satisfactory type of surgery gives quick rehef of the pyloric obstruction
and enables a rapid re establishment of an adequate food ntake with
only a short period of hospitahisation the infant returming quickly to
normal weight and vigour There 1s no danger of a recurrence in the
near or distant future At this stage it 15 worthy of note that evidence
has been produced to show that a hypertrophied pylorus which has not
been operated upon snay persist into adult hfe  Here I can guote
E ] Donovan who reported that he had operated upon 2 patients
29 years of age who had had gastro enterostromes performed at the
age of 6 weeks for pylonic stenosis  In both patients the pylonc
tumour was present, looking exactly as 1t does in infancy  Microscopic
study of one of these tumours showed that the only abnormal finding
was hypertrophy of the aircular muscle coat  Other such cases have
been recorded 1 the medical kterature

The persistence of a pyloric tumour cannot be a common occurrence
as I have been unable to trace any case of a child who had suffered
from proved pyloric stenosts and who was not treated surgically where
2 pyloric tumour was discovered at a later abdominal operation or at 2
post mortem  With the known frequency of pyloric stenosts m tnfants
surely the surgeons and pathologists would be reporting such findings
We do know that congemital hypertrophic pyloric stenosis tn the
adult 15 b g more often r ] although the d 15
usually not estabhished until the sp 1s removed at operation
for a suspected carcinoma or at autopsy It 1s believed by some that
the so called  congenttal pyloric stenosis of adults 15 a persistence
of the infantile form and the condition has been cured by 2 Rammstedt s
operation n adult hife  There are a few such cases in the literature
which suggest that the patient may have had symptoms referable to a
pyloric stenosis 1n nfancy and childhood

If we are to accept surgery as the treatment of choice for the small
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Medical treatment calls for a prolonged admimstration of eumydnn
and of careful nursing care and management until the child 1s at least
5 months of age From studying the anatomical and pathological
picture, 1t 15 obsious that the admumstration of eumnydnn does not
control all the factors which cause the mamfest symptoms ot the
condition

Submucasa
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Serous Coat through
under Inclsion

Tenslon
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Fi6 5 -——Fredet Rammstedt operation

It would appear more fogical to state that a satisfactory operation
would cure allinfants with pyloric stenosis  The bredet Rammstedt
pyloro myotomy conststs of a longmtudinal inaision from end to end
through the hard pyloric tumour This 1maision must dwide all the
arcular muscle from the pyloric end to the gastric end of the tumour
down to but not into the submucosa which then bulges into the wound
(Fig 5) Irenund you that the size of the pyloric tumour 1s duc entirely
to the great increase in the hypertrophied arcular muscular coat
whith 18 at least two or three times thicker than normal  The efficient
and complete d of this far layer will be followed by a
relaxation of this muscle  The divided muscle will not now be able to
go nto spasm and both the mechancal organic and spasmaodic features
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operatton was introduced was about 80 per cent  After its introduction
there was a reported mortality rate of 18 per cent in 1925 and 18 1939
one of 65 per cent Reporting from America Ladd ¢f o/ (1916)
gave an account of over 1100 cases treated by Rammstedt s operation
at the Children s Hospital Boston from 1915 to 1946 with a mortality
rate of 3 5 per cent with only five deaths 1n the last 557 case> and no
deaths 1n the last 223 cases Donovan at the Babies Hospital New
York showed an overall mortality of 1 8 per cent 1n a series of 507
cases treated by operatton with only two deaths 1n 389 cases treated 1n
1932 t0 1947 In 1941 Lev: reported a series of 100 consecutive cases
treated surgically without a death

In 1934 Wallace and Wevill analysed the records at the Royal
Hospital for Sich Children Edinburgh and reported the mortality rate
for infants treated by operation over the twelve year period 1922 to
1933 to be 24 8 per cent (Table II)

TABLF II

Cases of Congenstal Pylorsc Stenosss admtted Royal Hospital for Suck
Chaldren Edinburgh

Yea uderR mew st om | a6t o5 o5 05 Jan Oct
Number of cases admutted 210 358 45 37
Number treated by operation 145 33 37
Number treated medically 65 26 3 Nl
Tvumber of deaths operation cases 36 5 Ni I
Mortahty rate operation cases 238 75 Nit N

per cent | per cent

1 have found that during the six year period 1946 to 1951 the
mortality rate for surgically treated cases had fallen to 7 5 per cent
Of the 45 cases admitted during the year 19,1 41 were treated bv
operation with no deaths and during the first ten months of the present
year ,7 cases have been admutted all of which have been operated upon
with no deaths

There are many reasons why our results of operative treatment
have been showing this defimte improvement  The surgical techmque
has remamned more or less the same throughout the periods under
resiew and it 1s seldom that the infant dies as the result of an unsatis
factorv operation

The general practitioner 1s more aware of the posstbility of the
disgnosis and cases are referred to hospital for advice earlier than they
were some twenty years ago with the result that the nfants are con
sequently in much better condition when first seen by the pzdiatrician
In the 1922 33 senes of admusstons the average duration of svmptoms
before admussion to hospital was 3 8 weeks whilst m the 1946 51
series it was 2 § weeks The padiatnicians do not persist with long
periods of medical treatment until 1t has failed and leaving surgerv
as the only hope We have learned 2 great deal about infant physiologv

R
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wnfant with manifest symptoms of pyloric stenosis we should review the
records of the past and present in this particular field of study 1
do not imtend to critically compare the results obtained by medical
Edges of wound

covered by thin layer
of connective tissue

A Submucoss and serosa
=

in contact

10 days
after operation

Edges of muscle coat
drawn close together
and layer of fibrous
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between them
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// Q Connective tissue
/ (3 N contnuous with both
submucosa and serosa
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Fi 6—Healing of wound after Fredet Rammstedt operation  (After Wollstein )

fines of treatment with those from surgery but mn passing would like
to comment on the very definite trend towards surgery in this country
as well as 1n America over the past ten to twenty five years

The mortahty rate for mfants suffering from pvloric stenoss at the
Hospital for Sick Children Great Ormond Street before Rammstedt s
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post operative condition of many of the infants could have permutted
their discharge at an earlier date

It 15 of some nterest to compare a series of 71 cases from the years
1951 and 1952 where there was no deaths with a sertes of 109 cases
from the period 1946 to 1951 where the mortality rate was over 7 per
cent (Table II[) It 15 seen that the sertous operative complicatrons
appear 1o be d with the 't & w the earlter

TABLE 111
Post Operatise Complications

945 95 o5 and o5
(o Case ) % e
M owlgRa oper ¢ MadgR 1
Numbe £ Nmb
G | Du Gates L

OFERATIVE COMPLICATIONS—~
Post operative pulmonary collapse 6 s ° °
2nd aspiration preumonia

Post operative apnea 2 o o o

Incomplete dmsion of pylonc T 1 b3 o
tumour

Hemorrhage from operation wound 2 ° i °

Post operative haxmatemes:s 3 o 3 o

INFECTIVE COMPLICATIONS—
Vomting andfor diarrheea due to 6 4 6 o
mfection g gastro entenhs
Upper respiratory tract infections 4 o
Ottis media 6 o -
Voound sepsts {superfictal) 2 °

coa

Mecnanicar.  COMPLICATIONS—
Frequent stools without evidence of 12 o 3 o
nfection
Frequent vomuting {over 4 days) | 21 ° 1 o
without emdence of infection

group and that now this has been overcome In the infective group
bowel infection was the most frequent complcation

I have grouped the passage of frequent stools and the occurrence
of vomiting for more than four post operative days as mechanical
complications as in these cases no evidence of infection could be
determimned and the symptoms cleared up without any antibiotic or
chemotherapeutic remedy  The infant who has had a pyloric difficulty
for some days may naturally have a tendency to vomut after rehef of
the obstruction from fatlure of the mechamism of the stomach to
co ordinate and a bowel which has not been receving its normal
amount of solid food over a pertod will react with an mereased pertstal 1s
to a sudden flow through the now open pylorus The recogmtion and
correct F:d of these pi 1s of great chnical importance
and 1beheve bears out the necessity for the very slow introduction of
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and that 1t 15 the restoration of fluids and electrolyte balance that 15 so
urgent 1n these babies It 1s the effects of starvation and dehydration
the loss of chlorides and other biochemical changes produced by per
sistent vomiting which need to be completely remedied before the
nfant 1s subjected to operation  The operation itself 1s not an emergency
and 1t 15 very unwise to hasten one before you are convinced that the
mfant 1s unlikely to be further improved by your efforts The time
necessary to correct the effects of dehydration and the restoration of
proper electrolyte balance 1s not only well spent but 15 essential to a
good surgical result The average number of pre operative days m
hosprtal for the recent sertes was four days

Infants are still often admutted to hospital in a fairh severely
dehydrated condition and this calls for the closest co operation between
the physician surgeon and nursing staff and I strongly adwvise such an
infant’s transference to a pmdiatric umt where all the understood
measures of infant management can be carrted out At the Royal
Hospital for Sick Children these nfants are now normally admutted
under the physictans care for pre operatrve and post operative care
n co operation with the surgeon

The surgeons have carefully assessed thewr operation procedure
and this includes the experienced ansthetsst the mamtenance of
warmth during operation etc  The operation itself lasts only a few
tmnutes under a hght mhalation anzsthesia along with a local infiltra
tion and the baby 1s returned to the medical ward fully awake and able
to cry so that he can expand his lungs actively and 1s 1n possession of
us active reflexes

In the post operative care there are many facts of importance It
must be appreciated that an operation itself ts followed by definite
‘metabolic changes and water and electrolyte upset which are a normal
response to injury and these must be anticipated  The gastric emptying
time 1s probably nearly always considerably delayed following operation
and care must be taken in offering flutds orally in the immediate post
operative period  Following the slow introduction of small quantities
of glucose saline n increastng amounts 1t 1s usually found that 2
small feed of breast mulk or some easily digestible formula can be
offered within eighteen or twenty hours after operation If there 1s
no vomiting or bowel frequency the feeds can usually be rapidly
1ncreased mn amount and strength I believe that 1t 1s much better to
have the infant hungry with its electrolytes and fluids controlled by
oral or parenteral sahines over the first day or two after operatton than
upset by too early adnumstration of a nulk feed If he 1s well when
feeding 1s later started he will soon make up his weight and progress
He should be a normal baby within a few days following his operation
and fit for discharge from hospital On the average the infants of the
series were discharged on therr ninth post operative day In assessing
this figure however must be taken into account such social factors as
unsuttable home conditions and distance from hospital  The general
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urgent feature For this a clear understanding of infant phystology
15 necessany,  Infants become dehydrated much more rapidly than do
adults and the conditions produced by this water loss along with the
disturbed electrolyte balance may carry a high fatality Ths upset
medical condition 5s the emergency and must be understood The
persistent vomiting Jleads to a loss of water but also to chlorides 1n
encess of base thus producing both dehydration and alkalosis for
which it 1s difficult for the infant s body to compensate The sudden
loss of werght associated with this vomiting 15 due to depletion of
clectrolytes which must be quickly restored by the adminsstration
of solutions of sodium chloride along with glucose to overcome the
ketosis and replenish the Iner glycogen Sufficient water and electro
Tytes must be given to restore and maimntain the normal fluid make up
of the body without endangening the infant s life by flooding 1ts circula
tton with intravenous flmd  Intravenous fluids must be given very
slowly as 1t 1s eisy to precipitate circulatory failure with pulmonary
wedtma However in cases of very severe water and electrolyte upset
this method 1s necessary and urgent Most cases require only sub
cutaneous 1sotomc or half 1sotonic salines wath glucose and 1t 1s now
more usual to aid their absorption by the use of hyaluronidase

The successful management of the mfants with this condition 15
<o operation of traned pzdiatric personnel sn which the physicians
surgeons anasthetists and nursing taff all play their vital parts
The condition which not long age was a most serious and worrymng
one has now lost most of 1ts terrors

1 wish to express my thanks to Dr Agnes Macgregor for permission to use the
shide of the normal and pathological pyloric segments and for her valued help and
advice 1n a discussion of the pathology To my Padiatnc Registrar Drlan C Lewss
1 am grateful for us help 1n reviewing the hospital case records
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fluds and food orally 1n the early post operative days The average
day for the passage of the first post operative stool 1n my series was
2 5 days Frequent post operative vomuting or loose frequent stools
will tend to upset the flurd and electrolyte balance and render the infant
more liable to infection  Of the senses, 54 9 per cent of mnfants had no
post operative vormiting 5 9 per cent had regurgitations only 186
per cent had vomuting for one to four post operative days and 206
per cent had frequent vomiting lasting five days or more

I have many charts illustrating the successful management of
cases of congenital pyloric stenosis treated by operation  These charts
clearly show that with careful pre operative care satisfactory operative
and post operative procedures these babies were again normal healthy
and happy withm a few days of their hospital admission and could
almost he imagined 1o say in the words from Hamlet For this

relef much thanks *
CaoncLusion

Congenital hypertrophic pyloric stenosts 1n infants 1s commoner
than 1s usually believed and an awaredness of the condition must be
borne in muind so that an early diagnosis can be made while the infant
1s still 1n a good physiological state

Many cases may not require any further care than the offering of
small frequent digestible feeds, with or without the administratton of
eumydrin  The giving of eumydrin per se without the essential feeding
<are 1s bad medicine and to be deprecated It should certamnly never
be permitted 1n the small infant with acute manifest symptoms and
signs of dehydration Medical hines of treatment may be preferred for
infants of eight to twelve weeks of age especially where symptoms
are not severe and the mfant 1s maintaning his weight Medical
treatment of the small infant will call for many weeks of continual
supervision until he 1s at least five months old

Surgical treatment 1s recommended for infants who show manifest
symptoms during the first few weeks of Iife More certam and quicker
resuits are obtamned by a relatively simple surgrcal procedure and the
parents can be assured not only that thewr baby may be operated upon
successfully and that he will be retaining all his feeds and gaining
weight within ten days after operation but also that he will not have
any trouble from his stomach m later life as a result of his pyloric
stenosis 1n infancy It 1s now unusual for a pyloric baby to hive
anything but a most uncomplicated convalescence after operation

To procure this high attainment from surgerv however it 1s most
desirable that the infant 1s under the care of those physicians surgeons
and nursing staff who are fully trained 1n the management of such
bahtes and they should be referred to pzdiafric centres wherever

possible
1 to appreciate that the operation 15 not an emergerncy

It 15 essential
_and that 1t 15 the preparation of the nfant for operation which 15 the
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stand unchallenged to dav  For example he recognised not only that
a diabetic woman mught become pregnant but that 2 pregnant woman
mght become diabetic and that her diabetes mught disappear m the
puerperium only to return at a later date  He found that the prognosis
was poor both for the mother who ran a grave risk of death 1n diabetic
coma and for the chuld whose chance of survival was less than so per
cent

In 1909 at the end of a period which had yrelded much information
about the natural hustory of diabetic pregnancy i the days before
msubn was avalable Whitridge Williams reviewed the position
He confirmed the high maternal mortality quoting from the hiterature
estimates which varied between 25 and 55 per cent  The feetal mortality
was no less and amounted to 47 per cent 1n the sertes of 66 cases which
he collected from the literature Overgrowth of the child resulting 1n
difficult delivery was recognised to be the cause of some of the feetal
deaths but 1t was also apparent that the feetus tended to die in the
uterus during the last month of pregnancy and to be delnered 1n a
macerated condition Williams stressed the danger of ketosts to the

mother and r ded that the preg should be terrmnated
if such a complication arose He also recognised that hydramntos
was and that the flud often d much sugar

There were two reasons for the rarity of diabetic pregnancies in
the pre insulin era  The first was that relatively few wgmen of child
beanng age were diabetic because young diabetics seldom survived
for more than three years after the onset of the diseise and the second
that the young diabetic woman was usually infertile and often had
amenorrbeea

The hterature of those days 1s difficult to follow because there was
much confusion between dtabetes and other causes of glycosuria and 1t
seems probable that a proportion of the cases reported as diabetic
were in fact examples of renal glycosuria which we now recognise to
be particularly common 1n pregnancy

TLattle further advance was made before the mtroduction of nsulin
but 1t was noticed that 1n a few cases the maternal diabetes became
less severe towards the end of the pregnancy and an interesting contro
tersy arose as to whether or not the feetal insulin could pass the placental
barrer and be responsible for this amelioration  This question has a
direct bearing on q to reduce ! mortality
and will be referred to later

InsuLIN

The introduction of msulin raised new hopes for the pregnant
diabetic but while 1t has solved some of her problems others remain
Inttle affected by this major advance in treatment In the msulin era
the pregnant diabetic has ceased to be a medical curiosity and any
large maternyty hospital now makes special provision for the care of
these patients of whom we see approximately 20 in the Simpson
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INTRODUCTION

My subject to day represents a common ground on which the physician
and the obstetrician meet and to which they summon the biochermst

the padiatrician the pathologist and others for guidance and assistance
m their attempts to conduct the diabetic pregnancy to a safe and happy
concluston  Diabetes 1 pregnancy has three particular fascinations
for the physician  In the first place he has often known his patient for
some years and looks forward to seemng her bring up her famuly

Secondly syccess mn the form of a lving child 1s by no means assured
and there at® many intriguing problems which remain to be solved

And last but by no means the least 1s the privilege of a close association
with his colleagues 1n the other specialities, without whose help his
own efforts would be of little avatl Team work 15 essential and I
would hike at thrs early stage to achnowledge my gratitude to all those
who have helped 1n this task and particularly to Dr Douglas Matthew
with whom I have worked for the past five years

HISTORICAL

Our Victonian grandmothers used to describe pregnancy as an
nteresting condition  but i therr day the pregnant diabetic must
have been peculiarly interesting because of her extreme ranty  Benne
witz of Berlin was apparently the first to record the fact that 2 diabetic
woman could bear a child and his paper of 1826 must have aroused
some interest 1 Edinburgh for a summary of it was published 1n the
Edmburgh Medical Journal of 1828 His patient set the fashion for
many of her followers by having a premature labour and beanng 2
stillborn baby weighing no less than 12 lbs whose size so impressed
Bennewitz that he was tempted to attribute 1ts paternity to Hercules
In 1882 Matthews Duncan was able to collect only twenty two
es of diabetic pregnancy from his own experience and a study

mnstanc
He made a sertes of conclusions many of which

of the literature
Read 14th May 1953
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Before discussing the fundamental causes of the feetal mortality
we must constder the various ways 1n which feetal deaths occur  Table I
shows an analysis of the feetal loss 1n this series of cases

Abortrons —Most authors agree that the incidence of spontaneous
abortion 15 not increased 1n the presence of maternal diabetes but it 15
notoriously difficult to obtain accurate figures on this subject Never
theless 1t seems fair to conclude that well controlled drabetes 1s not a
factor which contributes to abortion Diabetes itself 1s no longer
considered to be an indication for therapeutic abortion but on occaston
the vascular plications of long ding d ‘may warrant such
an interference There were three spontaneous and two therapeutic
abortions 1 our senies and of the latter, one was 1n an unstable half
witted diabetic dwarf with severe retintts and the other was in 2 woman

TABLE I
Diabetic Women—64 Total Pregnancies—77
{7 had 2 pregnancies 3 had 3 pregnancies)
Live Births—55

Abortions  Spontaneous 3
‘herapeutic P
Ectopic Gestation 1
Intra utenne Death 9
Stillberth }Totzl Mortality Viable Infants—16
Neonatal Death 3

Total Feetal Loss—>2

Overall Feetal Loss Rate 28 6 per cent
Feetal Loss Rate  Viable Infants only  2° 5 per cent
Maternal Mortality Nit

who was blind as the result of retinitis and who had a diabetic nephro
pathy  Both these patients had had diabetes for more than fifteen years
Intra utersne Deaths —Intra utermne death of the feetus between
the thirty fifth week and term has long been recogmised as common 1n
the pregnant diabetic and there were 9 such cases 1n our sertes The
cause of these intra uterine deaths 1s unknown and they remain one
of the most perplexing problems 1n connection with this work  Some
occur 1n patients who suffer from pre eclampsia and 1n such cases the
two events may well bear more than a temporal relationship but
intra uterine deaths are often seen 1n the absence of toxzmia and 1t 1s
evident that this disease 1s not entirely responsible for these catastrophes
Stellbirth —We have already seen that the feetus of the diabetic
mother tends to grow to a larger size than that of the non diabetic
and 1t 1s not uncommon to find that an fant weighing 10 Ibs 1s born
at or before term  In the past such an event was attended by a high
maidence of stillbirth as a result of mjury to the feetus during a difficalt
labour Naturally in these crrcumstances maternal inpury and exhaus
tion were also common  These dangers are now well recogmsed and
are usually avoided by premature termination of the pregnancy either

by induction of labour or by Cmsarean section There were two
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Memorial Matermty Pavilion each year This increased incidence 1s
due to two changes The expectation of life m the young diabetic
woman has increased to about five times that of the pre msulin era
and this together with the greater incidence of the disease, means
that the number of diabetic women in the child bearing years 1s much
larger than i1t was or to put 1t another way, the population at risk has
mncreased  Moreover the diabetic woman when well treated with
nsulin, 1s almost as fertile as her non diabetic sister and though we stll
encounter amenorrheea 1n the presence of uncontrolled diabetes 1t 15
no more common 1n the well treated patient than 1n the non diabetic

One of the most notable results of the use of nsulin 1s the reduction
i the maternal mortality rate which has fallen to below 2 per cent
1n any well conducted series of cases Here in Edinburgh during the
last four years, we have had a sertes of 77 pregnancies 1n 64 dizbetic
women without a single maternal death This salutary change 1s a
reflection of the fact that severe hetosts can be prevented by an mtelligent
use of msulin and corrected rapidly 1f 1t should chance to arise  On the
other hand the maternal morbidity remains greater than 1t 1s 1n non
diabetic pregnancy Hydramnios 1s a2 common complication and
while 1t 1s seldom severe enough to cause great discomfort 1t 1s a sign
that all 1s not well Pre eclampsta 1s 2 common feature of diabetic
pregnancies and though views on 1its incidence vary considerably
there are few authors who do not emphasise 1ts importance

F@ETAL MORTALITY

Despite this great improvement mn the outlook for the mother
the use of msulin was not followed by an 1mmediate fall in the feetal
mortality which remained as high as 50 per cent until recent years
when 1t has fallen to between 15 and 25 per cent 1n many of the chinics
where particular nterest 1s taken 1n diabetic pregnancies It 1s some
times difficult to compare figures for the feeta] loss rate, because the
meanmg of thus term s not always clearly stated I use the phrase
¢ overall feetal loss rate  1n reference to all pregnancies which did not
result i the birth of 2 child who survived for at least fourteen days
and I include all the women delivered irrespective of the duration or
adequacy of their antenatal care  In Edinburgh we have had an overall
feetal loss rate of 28 6 per cent in the past 77 cases a figure which
compares favourably with one of 51 4 per cent 1n the previous 70 cases
in the Simpson Memorial Maternity Pawilion (Gilbert and Dunlop
1949) If we exclude all the cases wlich terminated in delivery before
the twenty eighth week of pregnancy and this 1s what many authors
do the figure of 28 6 per cent 15 reduced to onc of 22 5 per cent

The rased feetal mortahty rate remams the supreme problem 1n
diabetic pregnancy and much of the attentton of those who work m
¢hus field has been devoted to finding the cause of foetal deaths and to
devising means whereby they can be prevented
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pregnancy appmachcs term but in o1y experience this 15 a rare event
One might also expect that the removal of the source of extra wmsulin
at the time of delivery would be followed by an immedrate nise 1n the
maternal insulin requirements whereas the reverse 1s usually seen as 1s
shownnin Fig 1 The profound fall on the day of delnery is due to
the fact that the muscular exertion of labour 1s accompanied by an
ncrease mn the rate of glucose utilisation which leads to hypoglycemia
if the dose of insulin 1s not reduced and in the cases dehvered by
Casarean section the carbohydrate intake 1s necessanly very limited
on the day of the operation  After the birth there 1s a gradual nse 1n
mnsulin requirements for about five days after which the dose usually
remarns steady at a considerably lower level than that given immediately

35 CONSECUTIVE CASES EXCLUDING ABORTIONS
AVERAGE DAILY INSULIN RECUIREMENTS.
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before delivery When the patient returns home a further fall in 1nsulin
requirernents takes place and the dose stabilises at a level which 1s very
similar to that of the same individual before she became pregnant
Hypoglyceermia 1s 1n q a 1 m the early
Ppuerpertum unless these changes n msulin requirements are antictpated

THE PRE DIABETIC STATE

The next step must be to consider the attempts that have been made
to explan the high medence of intra uterine death and overgrowth
of the foetus  In the past several authors have concluded that the feetal
loss rate was particularly Ingh m cases where the maternal diabetes
was poorly controlled (Lawrence and Oakley 1942) or where the
insulin requirements were lugh but all such hypotheses have been
rudely upset by the discovery by Allen 1n 1939 that women who were
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stillbirths 1n our series one as the result of 2 difficult delivery and the
other 1n a premature labour 4t the thirtieth week  In nether case was
the baby of exceptional size

Neonatal Deaths —There were 5 neonatal deaths n our series and
this 1s 1n hine with the general experience that the new born child of 2
diabetic woman ts a delicate creature whose early life 1s precarious
the extreme There are two main views as to the cause of these neonatal
deaths The first and probably the most important, 1s that the majontv
of the infants are delrvered at a premature stage of thewr development
a fact which may escape the notice of those who are accustomed to
estimate maturity 1n terms of the body weight of the child, for these
babies may weigh more than 7 Ibs at the thirty sixth week In addi
tion to their prematunity they suffer from other defects which may
contribute to their poor viability Many of them are cedematous and
have enlargement of the heart liver and other viscera together with
other pathological features which have encouraged Miller and Wilson
(1943) to liken them to the infant which suffers from erythroblastoss
feetalls  Congenital defects are often listed among the causes of feetal
death, but their importance has been over emphasised Only one death
1n our series resulted from a congenital defect, and that was an anen
cephaltc baby  Symptoms of respiratory distress are common n these
mfants They often breathe well for a short time after birth and then
become subject to irregular respiratory movement attacks of cyanosis
and even periods of apneea  Neonatal death 1s particularly common 1n
babies who show these resprratory symptoms but shilled nursing with
special attention to the dramage of the respiratory tract and maintenance
of an adequate supply of oxygen leads to a considerable reductton 1n
the neonatal mortality

The other important view 1s derived from the concept which I
have already mentioned that the feetal pancreas may compensate for
the lack of maternal mnsulin duning the later weeks of pregnancy and
that 1n consequence the infant may be born with an over active pancreas
and may suffer from hypoglyczma durning its early life  This hypothesis
15 supported by two observations Many workers have demonstrated
hypertrophy of the islets of Langerhans mn a proportion of the offspring
of diabetic mothers and it has been shown that the child s blood sugar
falls after birth at a greater rate and to a lower evel than that of the
new born of a non diabetic woman In many hospitals glucose 15
admimistered at birth and for the next two days in an attempt to combat
hypoglycemia but it remains uncertain whether hypoglycemia 1s 2
grave danger to these infants  Our own data have not been analysed
mn full but 1 common with others we have a strong impression that if
hypoglyceenua 1s of any mmportance 1t 1s only a contributory and not a
primtary factor 1n the cause of neonatal death

“It 1s reasonable to assume that if feetal insuli plays any considerable
part 1 the contro! of maternal carbohydrate metabohsm 1t would be
common to find the mother s daily msulin requirements falling as the
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of such 2 baby may be the first sign that 2 woman 1s destined to develop
diabeteslater in her fe A hypothests has been advanced which explains
the overgrowth of the feetus the subsequent development of maternal
diabetes and the high feetal loss rate as separate mamfestations of a
single abnormality—the over production of the growth hormone by
the anterior piturtary of the mother We know that growth hormone
can in certamn circumstances cause excessive growth whereas 1n others
1t can cause diabetes and that the two events are sometimes seen 1n one
mdividual for the diabetic child has often undergone a period of
abnormally rapid growth immediately before the onset of his disease
Nevertheless there 15 an obvious objection to the hypothesis in the fact
that nerther pre diabetic nor diabetic women commonly show any of
the classical features of acromegaly and final judgment must awart
the development and application of an accurate method for the assay of
growth hormone 1n the body fluids

HORMONAL IMBALANCE

Another line of attack on the problem, again invoking the endocrine
systemt began when Smith and Smuth (1933) found that a number of
women suffering from pre eclampsia had abnormally high levels of
chorionic gonadotrophin 1n both the blood and the unine  This finding
was followed by the observations that the urinary excretion of cestro
gens and pregnanediol was abnormally low in these toxamic women
(Smuth and Smith 1934 1938) In a long series of papers the Smiths
developed their view that this  hormonal imbalance as they call 1t
1s of umportance 1n the ztiology of pre eclampsia and the increased
feetal loss which accompanies this conditton  Their patients mcluded
a number of drabetics who were studied because of their susceptibility
to pre eclampsia  As a result of therr work the Smuths evolved a
theory which attempts to explan the mechamsm of the production of
towemma but which 1s complex and need not be considered 1n detail
(Srmth and Sruth 1948) Its mam principle states that the features
of the disease result from the release of a toxin from the placenta when
its integrity 1s impaired by an interference with 1ts blood supply  This
interference may be due to a variety of causes and 1t has been suggested
by White (1952) that degeneration of the pelvic vessels 1n long standing
drabetes may be one of them She has actually demonstrated cales
fication of these vessels 1n a number of her pregnant diabetics ~ so far
we have found such calerfication m only one case and that was not
attended by feetal death Whatever the 1nutial cause of the toxemia
may be the Smiths consider that a defictent production of cestrogens
1s an mtermediate factor From the more practical pomnt of view the
Smuths believe that the development of the hormonal 1mbalance 1s 2
warning of the imminence of toxemta and of danger to the infant
They state that the imbalance can be corrected by the adminstration
of diethylstiiboestrol and that the dangers to both mother and child
can be averted by this means
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destined to become diabetic in later years that 15 pre diabetic

women, had an obstetric history characterised by 2 high foetal mortality
and the birth of large babies  Allen s conclusions have been supported
by many and challenged by very few and 1t 15 now widely accepted
that a metabolic abnormality may ewst for as long as twenty years
before the onset of clinical diabetes and that this pre diabetic state 15
characterised by a high rate of feetal loss and the frequent birth of
babies weighing more than 10 Ibs In the five years immediately
preceding the onset of diabetes the obstetric history 1s indistinguishable
1n these respects from that after the disease has developed Table I
shows the obstetric history of the 64 diabetic women in our seres

TABLE I
64 Diabetic Women  Obstetrac History Before and After Onset of Deabetes
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including their pre drabetic and diabetic pregnanctes It shows the
high pre diabetic feetal loss 24 4 per cent 1n 78 pregnancies, and that
more than half of these deaths fell in the group of stillbirths and 1ntra
uterine death It also shows the high incidence of babres weighing
more than 10 lbs at birth 22 out of 78 pre diabetic pregnancies com
pared with only 7 out of 96 diabetic pregnancies Thus latter figure 15
artificially reduced by the early delivery of many of the diabetic women
The numbers are not large but the figures correspond closely with those
of larger series

The recognition of this pre diabetic state 1s of great interest and has
Jed to much speculation It 1s obvious that a factor which 1s independent
of maternal hyperglycemia and which operates for as long as twenty
years before the onset of diabetes produces the obstetrical abnormalities
which were once thought to be characteristic of diabetic pregnancy
This has been emphastsed by Muller (1945) who reported that some of
the nfants of pre diabetic mothers have hypertrophy of the 1slets of
Langerhans and other pathological features which he has found in the
new born of diabetic women  He goes so far as to say that the birth
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of choronic gonadotrophin 1n both the serum and the urine but he
has found that stilboestrol therapy, even 1n hugh doses effects only a
transtent reduction in these levels (Loraine 1949) We have been

TABLE 111
Serum Chortonic Gonadotrophun After vooth Day
Aox Eneane £rrmaus
Ovtcome of Pregnancy | Cases. | E tmation :ancx_ >y < LTl
Feetal loss 9 34 38 235 percent | 65 percent.
Fetal survival 28 175 62, |a217percent | 783 percent.

unable to correlate the high levels of chonionic gonadotrophin with the
sevenity of the diab the d of the birth weight of
the baby or the feetal loss rate  Tables III IV and Vand Fig 2 show

TABLE Iv
Urtne Chariomc Gonadotrephen dfter 1ooth Day
P entag P reentag

Al Etm oo Espmay.
O toome P gnancy |Casen | E mt s [ Etmamn g v

PG | e | e T
Feetal loss N 15 82 443 557
Feetal survival 3 325 o5 286 71q

a comparison between the pregnanctes with feetal loss and those with
feetal survival i respect of the high levels of chornonic gonadotrophm
In drawing up these Tables I have excluded all those cases which

TABLE V

Urine Chorionsc Gonadotroplun After 100tk Day
{Case 24 Omtted)

A g Per tg z Per entag
Oueom (P egancy | Caser| Eomavons | Ewum s0 $ma LEm

Per Case. Per g Hr ' P 4 Hes
Feetal loss 13 82 63 232 ‘ /68
Feetal survival 34 325 95 286 | oms

termunated 1n abortion and all the assays which were done in the
first one hundred days of pregnancy After the one hundredth day a
figure 1n excess of 11 000 nternational umits of C G per litre of serum
or per twenty four hours output of urine may be considered to be
abnormally high and the results have been divided nto those above
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HORMONE THERAPY

The work of the Smuths has been supplemented by that of Priscilla
White who works 1 Joslin's clinie 1 Boston and has an unrivalled
experience of pregnancy in the diabetic  She believes that the hormonal
imbalance 15 a factor of the first importance in the bad obstetric history
of these women and claims that 1t can be corrected by the admmimstration
of stilboestrol and progesterone both of which she gives 1 large doses
by daily intramuscular mjection  Furthermore, she claums that this
treatment improves the prognosts for the feetus and reduces the nct
dence of maternal toxemia In a series of 525 diabetic pregnancies,
excluding abortions she has had a feetal mortality of 16 per cent
She divides her series of cases into three groups the first of which
numbering 47 had normal hormone levels were not treated with
stilboestrol and progesterone and had a feetal mortality of 4 per cent
The second group consists of 98 cases which, though they had hormonal
mmbalance were not treated and had a feetal loss rate of 44 per cent
The third group comprises 380 cases who likewise had hormonal
imbalance but were treated with stilboestrol and progesterone and had a2
fetal loss rate of only 10 per cent (White 1932) At first sight these
figures seem to afford strong support for the value of the treatment with
stilboestrol and progesterone but White s conclusions have been the
object of much enticism  Pedowitz and Shlevuin (rgs2) claim that
results of the same order as Whites can be obtamed without
recourse to the arduous and expensive hormone therapy It has been
emphasised that White s conclusions depend upon the use of her second
group of patients those with hormonal imbalance and no therapy
as a control for her third group, those with hormonal imbalance who
were treated and several authors cnticise this point on the grounds
that the control 1s madequate (Hurwitz 1941) White s results are
difficult to interpret because her patients are delivered well before
term and 65 per cent of the 525 cases have had a Ceesarean section
a procedure which has given good results 1n other hands despite the
Jack of hormone therapy

HORMONE ASSAYS

In a number of our cases the chorionic gonadotrophin has been
estimated 1n both the urine and the serum by Dr J A Lorame and
the unnary pregnanediol has been estimated by Mrs E Michie both
of whom work 1n the laboratories of the Chnical Endocrine Research
Unit and to whom I am very much mndebted for the results of their
assays They have used methods which differ from those employed
by Priscilla White which makes 1t difficult to compare the results
obtamned The gonadotrophin assays were done by the method of
Lorame (19,0) and the pregnanediol ssas esttmated by the short method
of Somerville Marnan and hellar (1948)  Dr Lorame s figures confirm

that a proportion of pregnant diabetics have an abnormally high level
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there 1s no real difference between the patterns of the two groups
Some of the figures in feetal loss cases n the later stages of pregnancy
were obtained after the foctus had died 1 the uterus and are conse
quently low This accounts for most of the crosses to be seen at
the lower nght corner of the graph It 1s also of interest that the
overall picture shown by the scatter graph differs very little from one
prepared by Mrs Michie from assays made by the same method 1n a
sertes of normal pregnancies (Michie 1953) It seems that senal
pregnanediol estimations by this method are of no more prognostic
value as to the fate of the feetus than the assays of chononuc gonado
trophin

HORMONE THERAPY

Our experience of hormone therapy has been ltmited but if we
exclude abortions there were 54 cases who had no hormone therapy
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(other than msulin) with a feetal mortality rate of 22 2 per cent  and
there were 17 cases who were treated with stilboestrol and progesterone
or ethisterone 1n various doses mostly of the same order as those used
by White and i this group the feetal mortality rate was 23 5 per cent
These numbers are small by comparison with Winte s but so far s they
go they do not support her views on the value of hormone therapy
It 1 true that there has not yet been a report of a large scale repetition
of White s work using adequate controls but the impression which one
forms from a number of small sertes which have been published and
from heanng of unpublished work 1s that others are failing to show that
hormone therapy reduces the fcetal loss rate  As 1s 50 often the case
the enthusiastic reception of a new approach to a problem 1s being
followed by a gradual abandonment of the hopes which were raised
L
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and below this figure  Table II1 shows the results of the serum assays
Although the figures in the fcetal loss group are small, there 1s no
significant difference between the inctdence of high readings n the two
groups Tig 2 shows these readings expressed i the form of a
scatter graph with the feetal survival group represented by dots and the
feetal Joss group represented by crosses It wall be seen that there 15 no
clear difference in the pattern formed by the two groups Table IV
shows the urine assays expressed i a table and here 1t appears that the
inctdence of high readings was greater in the feetal loss group 443
per cent compared with 28 6 per cent  The importance of these figures
may well be doubted 1f we see what happens when a single case 15
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omutted from the fotal loss group as 1s shown in Table V where there
1s a preponderance of high readings 1n the feetal survival group The
case omitted was one i which an unusually large number of assays
were done and whose readings were almost all igh  The baby in this
case made good progress for the first week of its life and then died of
pneumoa after the aspsration of a feed an unfortunate event which
could hardly be attributed to the maternal diabetes and but for which
the case might well have been included 1n the feetal survival group
These facts show how difficult 1t 15 to interpret results of this sort but
we can only conclude that mn our cases and with our methods the
finding of lugh levels of chorionic gonadotrophm i an indwidual
patient has been of no progrostic vafue with regard to the fate of the
fmt;s]g 3 shows the pregnanediol esttmations expressed as 2a
scatter graph with the same distinctron between the assays in cases
with feetal Joss and those 1n cases with feetal survnal Here again
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of 71 deliveries were conducted between the thirty fifth and thirty
eighth weeks  Possibly the 4 intra uterine deaths which occurred after
the thirty sixth week could have been prevented by earhier delwery
but 1n one of these cases the patient was first seen after the baby had
died and 1n another the patient had left hospital against advice and
returned with a dead chuld

It 1s impossible to be dogmatic about the manner 1n which these
early deleries should be conducted  The choice lies between Casarean
section and induction of labour and our general rule has been to advise
Czsarean section 1n all tases unless there 15 a history of prevsous un
complicated vagmnal delivery ~Casarean section 1s conducted under
spinal anamsthesia and 15 without doubt the most certain means of
obtaiung a live child 1n these early deliveries since 1t protects the
infant from mechanical stresses of Jabour and the chermical stresses

TABLE VII
ode of Delrwery Related to Result of Pregnancy Excluding Abortions
o vty | o [t e | Ngmpe | g [ e [
Casarean section s ' o 3 » R ;
Vaginal delivery 28 3 -y " ' |

of analgesic drugs which mught be used during labour Some workers
have cnticised the practice of early delivery on the grounds that it
sumply transfers the feetal deaths from the period of late pregnancy to
the early puerpernum This may be true where the neonatal care 1s
mperfect but it has not been our experience as can be seen 1n Table VII
which compares the fates of the babies delivered by the two methods
The feetal loss rate 1n the infants who underwent vaginal delivery 1s
exaggerated by the fact that this was the natural choice 1n cases where
the feetus was known to have died 1n the uterus but if we subtract the
8 intra utenine deaths from this group we stil find that 4 out of 20
mnfants died dunng or after vaginal delivery whereas the feetal loss mn
the group of Czesarean sectrons was 4 out of 43 1 believe that the chief
reasons for the reduction 1n the feetal mortality rate 1 our own climc
have been first the wise judgment of the obstetricians m deaiding when
and how to effect the premature delivery 1n each ndividual case and
secondly the skill and constant attention of the padiatnicians and
nurses who have been responsible for the neonatal care of the babies

CONTROL OF MATERNAL DIABETES

The use of msulin enables us to control the maternal diabetes and to
munimise the dangers to the mother but this 1s not done without much
care and several difficulnes may be d  Preg y does not
cause a permanent increase 1n the severity of diabetes but it 15 common

-~
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DURATION OF MATERNAL DIABETES

So far as the causes of the feetal loss are concerned we remamn
very much in the dark Whate herself believes that the duratton of the
maternal drabetes 1s of great importance because 1t 1s 1n the long
standing case that one 1s most likely to find arterial disease, and this
n ats turn s thought to be prejudicial to the placenta Our figures
are again rather small but the duration of the diabetes did not play
any part in determmning the rate of feetal loss 1n this series, and 1t 1s
noteworthy that the 13 mothers who had been diabetic for more than
ten years did not lose 2 single baby n late pregnancy or in the neonatal
period A study of our senes has not revealed any single factor which

TABLE VI
Maturity Related to Result of Fregnancy Abortions Excluded
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may be said to play an mmportant part i the causation of faetal loss
other than those which have already been discussed

EARLY DELIVERY

In the prevention of infant death we have already seen that early
delivery has an important place because it reduces the incidence of
stllbirth  But this practice has been extended in an attempt to lower
the mcidence of intra uterine death which occurs most often after the
thirty fifth week  As a result the obstetrician 1s faced with the difficult
problem of judging the most suitable time for the delivery This must
be early enough to punimuse the risk of intra uterine death and yet not
so early as to Jeopardise the chulds survival on account of undue
prematursty  Table VI emphasises the difficulty of this decision for 1t
shows that 3 intra uterine deaths occurred 1n or before the thirty fifth
week, though 1t 15 true that in the case of the one 1n the thirty third
week the foetus was anencephalic and thus beyond help Sixty out
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to observe a rise m the msulin requivements duning the second and
third timesters and the dose of msubin may have to be doubled dunng
the course of the pregnancy Diabetics are not wmwmune to the fall m
the renal threshold for glucose which 1s common during pregnancy

When this fall occurs it 15 impossible to judge the mnsulin requirement
without estimating the blood sugar, for attempts to obtam freedom
from glycosuria usually lead to the development of hypeglycemua

In some cases pregnancy causes the drabetes to become unstable and 3t
1s difficult to prevent the patient osallating between ketosts and hypo-
glyceemsa  Under these success depends upon close
supervision and we see our patients at weekly intervals and encourage
them to report any difficulty immediately without wasting for thewr next
appomtment  If they are particularly difficult to stabiise we admt
them to hospital wathout delay  On the day of deln ery specsal problems
are encountered and I have already described how the dangers of
hypoglycmmua are anticipated by a reduction in the dose of wmsulm
but during labour 1t may also be necessary to msist that the patent
takes small feeds of carbohydrate At this ime too the key to success
hes i frequent observation of the patient and the physician must be
prepared to give freely of tus time

ConeLusions

Although we may be allowed to feel 2 modicum of satisfaction that
the outlook for the feetus has unproved to a considerable extent, we
must not remain bhind to the fact that this inprovement has been
achieved by the adoption of the basically wnsatsfactory procedure
of premature delnvery and we must not rest until we have learned how
to prevent mtra uterine death and overgrowth of the feetus so that the
diabetic mother majy carry her baby to term and be delnered 1n the
normal manner without pregudice to the hife of her infant

Fally 1t must be remembered that a study of the pregnant drabetic
can teach us much about the disease utself For example we have
learned that cirnical diabetes 1s only a fate stage 1 an abnormal process
which may begin many years before the disease 15 recopmisable  As
yet the sigmificance of this discovery 1s only vaguely appreciated and n
fact there 15 hitle knowledge of how the pre diabetic woman and far
Jess the pre diabetic man may be recognised with any certanty Nose
theless 1t 15 of vital importance that we should learn how to make 2
confident dragnosts of the pre diabetic state not only so that the pre
diabetic feetal loss rate may be reduced by the application of the methods
which have proved of value i the drabetic pregnancy but also becsuse
if we are cver able to prevent the onser of diabetes we must be 2
position to recognise those who are destined to develop the disease

1 am much mdebted to the Obstetnaans of the Simpson Memortal Maternity

Pavthon for permussion to make use of thawr eases and far thewr encouragement T
am particulady geateful 1o Professor D M Dunlop for hus advice and support
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We are faced therefore, with two conflicting impressions  On the
one hand there 1s the 1dea that the thereapeutic agents now available
pecially the b P 1t 10 streptomny and
chloramphenicol are so powerful so entirely adequate to meet every
need that the complete elmnation of VD 1f not exactly n sight 1s
at any rate just over the honizon The mescapable corollary to this idea
15 that the venereologist of the future will become a back number
something which the progress of medical scrence has rendered no longer
really necessary something outmoded and discardable

The contrasting 1dea emphasises that modern treatment even at 1ts
best has not proved completely adequate and may even conduce to a
spreading of venereal disease that in fact the present state of affarrs
has produced many difficult problems and certainly does not seem to
warrant any assumption that the venereologist s likely soon to become

dund A careful 1on of the present position of the man
venereal diseases should enable a prediction of what the future 1s likely
to hold and may mdicate an answer to the queston  Whither
venerealogy ?

In spite of recent advances in prophylactic techmque syphilis
still (1950} remains a prevalent disease Durmng the four immediate
post war years of 1946 47 48 and 49 the Edmburgh clinics alone
recerved 3911 cases of which 2869 were new fresh infections and 1042
transferred 1n z ¢ syphilis under treatment For the whaole of Scotland
the cases of syphilis 1n the four post war years aggregated 12 182 and
comprised 1n the successive years 1946 47 48 and 49 3913 3277
2760 2232 These numbers reflect the usual mcrease in incidence

brought about by mot and demobil and the general
lowering of moral values consequent upon 2 world war  They afford
an to the preval of pr and the high

P
infectivity of syphilis which has continued to spread widely in spite
of the fact that young adults serving 1n the armed forces of the various
combatant nations recetved carefully thought out 1nstruction 1n how to
avoid becoming infected with venereal disease Cinema films were
used to populanise this mstruction and condoms and prophylactic
packets were issued on a stupendous well migh incredible scale In
the Amenican forces serological tests for syphilis were carmed out
routmely on entry mto and release from the various services  Yet still
syphilis has continued to spread

The first thing requinng emphasis 1n syphilology to day 1s the
continued importance of and necessity for the snvanable routine

p) of the full d. proced: This procedure should
mclude the examining of serum from gemtal lesions of any and every
sort the serum to be expressed or extracted from any suspicious abraded
or mnd d area or enlarged lymph gland and searched diligently
for spirochzta palida by dark ground illumunation Repeated and
persistent searching for the trep should be d with
repeated and continued examination of the blood by the Wassermann




RECENT DEVELOPMENTS IN VENEREOLOGY
By R C L BATCHELOR

EVENTS have marched very raprdly since the itroduction of the sulpho
namudes mn 1935 and of penicillin in 1943 Indeed the advance has been
so rapid as to raise the question, ¢ Are we heading towards the complete
eradication of venereal disease ?” That this question 15 not merely a
hypothetical one 15 indicated by a recent paragraph in the Lancet
which tells of an attempt to be made to eradicate V D 1 the 1sland of
Haiti, the method suggested apparently being the mjection of pentaillin
1nto the whole population

Contrasted with this optimistic outlook 1s the much less comfortable
reflection that penteitiin does nat cure 100 per cent even of gonorrhea,
but may merely by the suppression of symptoms, produce an illusory
impression of cure and that the uncured residue will torm a reservoir
of infection and spread the disease  This danger has been exemplified
by a recent analysis of a series of cases published by King and his
colleagues (Lancet) Moreover, the method of cure does not confer
any immumty, and 1s nowadays so short and simple that the patient
15 decewved into regarding his infection esther with gonorrheea or with
syphilis as a relatively trivial ncident  The lessening of a sense of
sertousness n the patients mental assessment of the whole circum
stances will mevitably lead to a lesseming also of his sense of respon
sibility These dangers are well voiced and summarised 1n 2 lecture
delrvered recently by John H Stokes on ' The Modern Venereal
Disease Problem ’  Stokes adduces as one of the influences favouring
promiscutty  the successes and advances of modern treatment’ and
specifies as ttems 1n this factor—

(2) * The myth of the muracle drug with the 100 per cent cure

(6) The breahing of rapport with the patrent

(¢) Cure without discomfort or 1nconvenience or loss of time

() Cure at State expense
As a further factor favouring promuscuity, the cause of VD Stokes
contrasts ** The failure of modern treatment and analyses this failure
as mcluding

“ (@) The non cure margn of 4 to 30 per cent
(8) Cure without immunuty
(¢) Cure without responstbility

Stolhes expresses the possibihty that modern treatment spreads
disease  and states that this1s  the gravest and most unanswerable
paradox 1n the physician s and the health worker s field to-day *

Read 11th May 1950

166
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the original 40 000 units to 100 000 OF even 200 000 units whule mam
taming the time mterval between the doses at three hours or even
reducing 1t to two hours Instead of the original yellow amorphous
peniailin pure white crystallne pentcillin G 15 now readily available
and n general use

The g of the op duration of tr has been the
subject of considerable study and debate  The results of two American
nation wide studies tended to show that when pernaillin was used alone
the length of the course of treatment should not be less than fifteen
days On the other hand Mahoney and his colleagues have been devot
ing their attention to the possibility of developing a therapy of less
than seven or eight days duration and n particular have been mvestt
gating the practicability of devising a single myection repository vehicle
therapy for early syphihis  With a suspension of procame pentcillin m
ol (I cc = 300000 umts) 1 which 15 tncorporated 2 per cent of
alumimium monostearate a dose of only 1 ¢ ¢ will produce therapeutic
serum levels for at least forty eight hours and on an average for more
than twice that ime  When the dose 1s mcressed to 2 ¢c or 3 c¢
the effective blood levels are further prolonged There 1s experimental
evidernce to indicate that a maintamed therapy lasting seventy two hours
1s likely to be hughly effective Al this goes to show that Ehrlich«
silver bullet his  therapira magna sterihsans  which would wipe out
syphilis at one blow 1f not actually 1 our hands s at any rate very
nearly within reach

The other side of the picture 1n syphilotherapy shows that in Britain
the majority of chnictans still prefer to use both arsemic and bismuth
i addition to pemcillin  In at least one chimc the use of arsenicais
has been abandoned and reltance 1s placed on penicillin plus bismuth
Inthe US A there s stil a strong body of opimon (notably the workers
m the Chicago Intenstve Treatment Centre) in favour of a combination
of all the proved therapeutic agents fever arsenic bismuth and pen
allin 1n 2 treatment pertod compressed into thirty hours  This group
believes and presents evidence to show that all these agents act
synergistically  They maintain that therr method permits of the
effective treatment of early nfectious syphilis 1 less than a day and a
half with a failure rate at the end of twelve to fifteen months observa
tion of only 13 per cent The claim 1s made that no serious reactions
occurred yet more than half of the patients did have resctions especrally
gastrointestinal disturbances and derangements of the kidneys and
Iner Intensne treatment centres have not been established 1n this
country and there must be few chimes using fever extensrvely m the
treatment of early syphihis

A noteworthy trend 1n Britain has been seen in the choice of arsenacals
in the form of a swing away from mapharside 1n favour of the older
drug neoarsphenamine z¢ N A B or its congeners Many chimicans
feel that mapharside 15 excreted so quickly that 1t must be grven at
least twice or even thrice a week whereas neoarsphenamine 1s effective
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and Kahn tests Insistence on adequate diagnostte procedure m every
case 15 especially demanded to day because penicillin 15 so frequently
used erther for the prophy laxis of syphilis itself or for the prophylaxs
or treatment of a gonorrheea with which a supermmposed syphilis may
be a concormtant

Pentcillin used 1n the prophylaxis of VD may be given orally or
by injection  The oral method, which 1s usually aimed at the prevention
of gonorrhcea, consists in the administration of tablets of oral pemcillin
G each tablet contamning 100 600 units  An effective dose would be at
least 200 000 units and preferably 500 000 units  Thus oral prophylaxis
has been used to reduce the meidence of gonorrheea among Navy
personnel going on shore leave in areas of high prevalence The method
involves the nisk of modifying the usual course and progress of an
incubating concomtant syphihis  for example there may appear on
the penis an erosion which ytelds only negative dark fields and which
may heal quickly and spontaneously while at the same time the appear
ance of postitvity tn the Wassermann and Kahn tests may be delayed

The parenteral method of prophylaxis or abortive treatment which
has been used aganst syphilis employs 600 0oo umts of penicillin m
peanut o1l and beeswax This method has been employed to prevent
the disease developing 1n contacts of known cases of early intectious
syphilts

Only time will tell what degree of success will attend this technrque
but 1n the meantime an obvious precaution will be the insistence on a

follow up  of serological tests taken at intervals over a sufficiently

long period of not less than six months and preferably one year with at
least one testing of the cerebrosprnal fhud

In the treatment of established syphilis the chief point at 1ssue at
the present time 15 whether penicillin used alone 1n single or multiple
courses constitutes the best treatment or whether penscillin should be
combined with adjuvants such as the traditional arsenicals and bismuth
or used 1n conjunction with one of the newer anttbiotics especially
aureomycin

The various posnts 1n the case for and agamst penieillin used alone
without adjuvants are first it may now be taken as definitely established
that pentcillin alone can cure syphilis  After six years of observation
of the first four patients treated for syphlis by Mahoney and his
colleagues 1n 1943 three have r d cl lly and serologicall
negatine and the fourth after a considerable period of negativity got a
remfection  (Incidentally this patient a Negro male 18 years old
seems to have had boundless confidence 1n modern treatment because
1t 15 recorded that while under observation he had thirteen gonorrheeal
wfections within less than a y ely wn ding mple of
cure without immunity and cure without responstbility ') These
early successes were confirmed by subsequent reports and the results
achsesed taproved steadily as expersence was gamned Using aqueous
pemathn the tendency has been to ncrease the individual dose from
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cent The success achteved with PAM (2 ¢ procaine penicillin 1n o1l
with aluminium monostearate) 1s even more remarkable The pre-
Limunary figures after fifteen months post treatment observation suggest
that one two or four tnjections of P A M 1n dosage of 2 4 to 4 8 mega
umits yields results which compare favourably with those from a simular
dosage of aqueous pemcillin grven in ninety two-hourly mjections over
a period of eight days This finding if confirmed seems Likely to
naugurate a plete change and read in the tr of
syphilis throughout the world The foundations of the old traditional
syphilo therapy are rocking under the impact of PAM  and this lively
newcomer 15 making a bold bid to supplant PO B as an aspirant to
the throne Some tme ago the rumour of a  one shot cure’ for
syphils started to spread around and was recerved for the most part with
frank increduhity But now the vision has taken defimte shape and it
certainly seems to be something quite substantial
The newer anhbiotics streptomycin  aureornycn and chloram

phentcol have all been tried out agamst the spirochzta palida and

and chloramg 1 have been proved to be actie
Because ntramuscular injections cause severe pam aureomydn 1S
gnen by the mouth 1n capsules containing 2,0 mg  The individual
dose 15 from two to four capsules (05 to 1 gm) and this 1s gwven
six hourly making 24 gm per day The disappearance of spiro
pallida from chancres and secondary papules and the healing of these
lesions while slower than with pemicilin 1s progressive and farly
rapid  The total amount necessary for complete cure has not been
defimtely determined and the necesstty for regular swallowing of the
drug continued for many days would tend to make the treatment too
dependent upon the co-operation of the patient  Toxic action upon the
gastro mtestinal tract 1s frequent espectally diartheea but usually

not severe
Chloramphentcol 1s also given by mouth mn capsules of 250 mg
every src hours The effective individual dose m syphilis 1s 1 gm
(four capsules) and this 1s repeated sr< hourly making 4 gm per day
for about ten days 1o a total dosage of 40 gm The towic effects are
stomatitis and diarthea  The rate of disappearance of spiro pallida
and the healing of lesions 1s again slower than with pemalhn  As
compared With imjections the absorption from the oral admnstration

bl )

y with chlorampk 1 and aur 15 less certam and less

rehable and neither of these drugs can compete with pemallin n
syphilotherapy

GONORRHEA

With the almost unnversal adoption of pemcillin therapy the impres
ston seems to be gaining ground that gonorrheea has been debunked
and has fallen 1 estimation as a disease of serious significance  The
prevalent idea 1s that pemalbn has got gonorrthea 1 the bag
but perhaps the bag has a hole 1n 1t Iike the legendary bag that held

~
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when grven only once a week, thereby saving the time of both patient
and doctor  On the other hand mapharside undoubtedly has fewer
and shghter toxic effects than 1ts rival

At the present time most of the indications pomnt to pemeitln used
alone as the hihely choice 1n the future, and indeed there are mam
outstanding advantages which can be adduced in justification  Pemt
allin 1s essentially non toxic and the urticara which 1t sometimes causes
can usually be controlled or modified by antthistarmine drugs ~ Already
papers have been published showing excellent results in the treatment
of primary and secondary syphilis from the use of stngle mfections of
from 1 2 to 2 4 mega umts of procamne penicillin 1n o1l with 2 per cent
of aluminum monostearate  Estimation of blood concentrations has
shown that the 1 2 mega umt dose of this repository preparation mamn
tamns blood Jevels above the hypothetical minimum therapeutic
concentration of 0 03 umits per ¢ ¢ of serum for over seven days  This
observation on the maintenance of effective blood levels for ovet a weeh
from a dose of 1 2 mega units (4 ¢c of the suspension) suggests the
practicability of adequately treating early syphilis by a single mjection
of 4 cc once a week for four weehs In order to guard agamst the
possibility of individual variattons 1n blood concentration the frequency
of admumnistration of the 1 2 mega umt dose could be mcreased to twice
weekly for four weeks giving a total dosage of 9 6 mega umts One
of the modern preparations of oil suspended procamne pentcillin
( Prolopen ) actually carrtes i each cc 100 000 umts of soluble
pencillin G 1n addition to the 300000 units of procame pemcillin,
so that by choosing this preparation the total pencillin in the four
weeks course would be mcreased to 10 4 mega units  This four weeks
course of twice weekly repository pemallin for early syphilis will be
given a trial 1n the Edinburgh chnic

In assessing the efficacy of pentcitlin in early syphuits due aliowance
must be made for the fact that the yellow amorphous pentciliin used
from 1043 to about the summer of 1946 varted in the relative proportion
of the fractions G F \ and K and in potency measured in umts
per milligram was therefore unreltable and gave a false impression of
the real value of pemcillin as the failure rates accruing from 1t were
vaniable and mes disappointingly high  The ntrod and
adoption 1n practice of pure white cristalline peniallin G has been
followed by a remarkable lowening of the reported failure rates The
June 1949 Progress Report 1ssued by the Medical Director of VD
ofthe U § Public Health Service analysing the records of 5400 patients
treated solely with crystalline p | ed n
solutton or peanut oil and beeswax with total dosages of not less than
2 4 mega units estrmates the fatlure rates for early syphilis as z 3 per
cent for seronegative primary syphilis 6 2 per cent for seropositive
primary syphilis and 12 per cent for secondary syphilis  This recent
analysts creates & very different and much more favourable impression
than the earher reports with fatlure rates runmng up to 25 ot 30 ger

Jlin G
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cent The success achieved with PAM (2 ¢ procaine pentcilin 1n o1l
with alumimum monostearate) 18 even more remarhable The pre
Timunary figures after fifteen months post treatment observation suggest
that one two or four mnjections of P A M 1n dosage of 2 4 to 4 8 mega
umts ytelds results which compare favourably with those from a similar
dosage of aqueous penicillin given 1n ninety two hourly injections over
a period of eight days This finding, if confirmed seems lkely to
naugurate a complete change and read 1n the tr of
syphilis throughout the world  The foundations of the old traditional
syphilo therapy are rocking under the impact of PA M and this Ively
new comer 15 making a bold bid to supplant PO B as an aspirant to
the throne Some time ago the rumour of a one shot cure for
syphilis started to spread around and was recerved for the most part with
frank incredulity But now the vision has taken definite shape and it
certainly seems to be something quite substantial
The newer b treptomy aur in and chloram
phenicol have all been tried out against the spirochata pallida, and
aureomycin and chloramphenicol have been proved to be active
Because intramuscular injections cause Severe pain aureomyqin is
given by the mouth 1n capsules contamming 250 mg  The individual
dose 1s from two to four capsules (0 5 to 1 gm) and this 15 given
six hourly making 24 gm per day The disappearance of spiro
pallida from chancres and secondary papules and the healing of these
lesions while slower than with pemaillin 1s progressive and farrly
rapid  The total amount necessary for complete cure has not been
definitely determined, and the necessity for regular swallowing of the
drug continued for many days would tend to make the treatment too
dependent upon the co operation of the patient Toxic action upon the
gastro intestinal tract 15 frequent especially diarrheea but usually
not severe
Chloramphenicol 1s also given by mouth n capsules of 250 mg
every s1x hours The effective individual dose 1n syphilss 1s 1 gm
(four capsules) and this 1s repeated six hourly making 4 gm per day
for about ten days to a total dosage of 40 gm The towic effects are
stomatitis and diarthea  The rate of disappearance of spiro pallida
and the healing of lesions 1s agan slower than with pemolhn  As
cvix:npa.rcd with injections the absorption from the oral administration
y with chloramp ol and aureomycin 18 less certamn and less

rehable and neither of these drugs can compete with pemcillin mn
syphilotherapy

GONORRHEA

With the almost umversal adoptton of penicillin therapy the impres
ston seems to be gaining ground that gonorrhaea has been debunked
and has fallen 1n estimation as a disease of serious sigmficance The
prevalent idea 1s that pemallin has got gonorrhcea 1n the bag
but perhaps the bag has a hole in 1t like the legendary bag that held
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or didn’t hold the fox This prevalent 1dea of the all sufficiency of
penicillin needs examination

A common history of a case of urethritis coming to a clinie 15 that
first of all he had jections of pemaillm  next he had a course or
courses of sulphonamides and then because his discharge sull hept
runmng he 15 sent to the climc  The first problem posed by these cases
15 the one of diagnosis  Most often no attempt at diagnosts has been
made no smears tahen A purulent discharge pamn on passing water
signs of inflammation st looks like gonorrheea time presses pensetin
15 handy, better have a shot of 1t just 1n case! But non gonococcal
urethritss 1s just as common as gonorrheea and the cart before the horse
method of treatment before diagnosis confuses the 1ssue more than some
what It still 15 clear we need a smear and 1n any case of doubt a
culture helps you out

Fortunately true pemeillin resistance 1n authentic gonococeal infec
tions, 1f 1t does really occur must be comparatively rare The usual
treatment for an uncomplicated gonorrheea 1n a man 1s one 1njection
of 300000 units of procaine penicitlin in o1l with al monos
tearate and this same injection may be repeated 1n twenty four hours
time  Most of the § per cent or so of failures will respand to a repetation
of the same treatment

Cases of gonorrheea with complications such as prostatitis and
epididymutis are best taken into hospital and may be successfully
treated with multiple injections of aqueous pemiaillin 100 00O units
three hourly for from three to s1< days according to the clinical response

A recent gonococcal may be supersmposed on a stricture
or other chronic urinary infection with B col or streptococer  Strepto
mycin may be useful in such cases given intramuscularly in 4 gm
doses six hourly for five to six days  Streptomycin can deal effectisely
with the gonococer as well as with the secondary organisms and may
be exhibited from the beginmng ar kept in reserve for use after an
wmtial attack with pemallin

Non gonococcal urethritis affords good exercise for clinrcal acumen
Unless sulphonamide or penicillin sensitive organtsms such as strepto
coccr are present 1 the smears and cultures sulphonamdes such as
sulphadiazine or sulphathiazole or pemaillin are likely to be of httle
value When the smears contain only pus cells and no organisms
and the winflammation 1nvolves the posterior urethra and the bladder
some of these cases will respond Ihe magic to three or four small
(03 gm) doses of N AB intravenously at intervals of three days
However, the proportion of cases which do so respond 1s unfortunately
small Those which do clear up on N A B are clissed as  abactenal
pyurta for want of a better name

1n Reiter s syndrome an abacterial urethntis 1s associated with eye
inflammations such as conjunctivitis and ritis and also with arthrtis

ownts and hyperkeratotic skin cruptions on the glans peni>
15 nghly resistant to many

of several §
soles and elsewhere  This peculiar condition
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of the usual methods of treatment and 1n particular 1s not favourably
£l d either by sulpt des or by p 11, Fever therapy

snduced by the inductotherm cabinet or by intravenous T A B vaccine
1s usually very helpful and injections of streptomycm © 5 gm six
hourly are of value 1n some cases

Nearly all the victims of Reiter s disease are men and an abnoxious
charactenstic 15 that attacks may keep on recurnng over many years
Meanwhile the wives of the patients appear to remain immune

A feature of present day venereology 1s the recent tremendous
strengtheming of therapy by the mtroduction of new antibrotics
Lymphogranuloma mgunale {or lymphogranuloma venereum as 1t 15
called 1n the U S A) 15 a rare visitor here in Scotland but 1s common
n the USA and in the Far East Occasionally a case turns up
where the ingumal glands are swollen and hard with purple
discolouration of the overlymg shin and smuses may have formed
An intracutaneous Frei test with Lygranum antigen may prove
the d Int Iphad therapy potentiated by fever
from intravenous T A B vaccne or the inductotherm cabmet will
remain the first resource owing to the high price of aureomycin but
1t 1s comforting to know that aureomycin 1s available for the more
advanced cases with multiple sinuses and nflammatory strictures of
the rectum  These advanced cases were formerly most resistant and
intractable and even with aureomycin treatment for one to two months
and a total dose of 50 to 100 gm may be necessary Aureomycin 1S
umque 1n that it 1s the first agent to prove potent in all the five chief
venereal diseases namely syphilis gonorrheea chancrod L G1
and the Leishmama granuloma ingumale

Chancroid usually bs easily to sulphad or sulphathia
zole but where a pattent 15 sulphonamide sensitive or the disease
sulphonamide reststant streptomycin may be used and 15 generally
effective  Aureomycin and chloramphemicol ( chloromycetin ) are
also of value in chancroid and could be exhibited by the usual oral
Toute 1 any case not making satisfactory progress under parenteral
streptomycin  Chancroid yrelds to quite small doses of aureomyetn
one capsule of 250mg four times daly for five days (z¢ 1 gm per day
and a total dose of 5 gm ) 1s sufficient

In certam cases there may be mndications for oral 1n preference to
parenteral admimstration  Gonorcheea can be cured by oral penicitin
as was shown recently 1n Edinburgh by Horne who used two doses each
of 500000 units (five tablets of 100 000 units) the second dose gnen
at an interval of three to six hours after the first

The other two orally admumstered antibiotics aureomyewn and
chloramphenicol (chloromycetin) can also be used to treat gonorrheea
In the case of aurcomycin three doses each of 1 gm will suffice  When
chloramphentcol 15 used a dosage of 1 gm thrice daily for two days
15 satisfactory Chloramphenicol 15 less towic than aureomyein
with the latter nausea vomuting and diarrheea are common At
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present the use of these newer agents 1s restricted by the scantiness
of supphes and the greatness of the cost

In concluston 1t may surely be claimed that the future for venereology
seems bright with promise  Specific and effective remedies are nos
avatlable for the five common venereal d , viz syphilis g
chancroid L G I and granuloma inguinale  Non gonococcal urethritis
still poses a problem but the solution of this problem may be steadily
brought nearer as the electron microscope enlarges our hnowledge of
viruses and stmilar minute bodies With the agents already m our
hands, attractive possibilities are open  The certam cure of syphilis
mn pregnancy, the almost complete eradication of pre natal syphilis
saving the ife of the congenutal mfant, abolishing blindness and deafness
mn the older child preventing msamty from G P I —all these are now
more than possibiities The patents burden has been lessened
enormously 1n time saved pain avoided and mental distress alleviated

The lecture was illustrated by lantern shdes showing the different mantfestations
of the venereal diseases for which perucillin and the newer antibotics are used and
showing also the different features of Rerter's disease



CONTRACTED PELVIS
By ROBFRT BROWN MB CHB MRCOG

CONTRACTED pelvis has for many years been recognised as the com-
monest cause of dystocia  Its mcidence does vary greatly in different
areas and 1t would serve no useful purpose to compare a large seres
of cases from the Iiterature It 15 of interest however to compare the
madence n this area with that of the only other large Scottish town
MeLennan (1944) gave the hospital incidence 1n Glasgow as 15 per
cent the Edinburgh figure for the same period bemng under 3 per
cent

1 would hke to emphasise here that I chose the title of ¢ Contracted
Pelvis  rather than disproportion because while disproportion 1s
not always found in cases of contracted pehis true disproportion 1s
rare if the pelwis 15 normal  This was brought most strongly to my
notice while helping to prepare 2 paper on Cwsarean section for the
decade 1940-49 This paper which was presented to the Edmnburgh
Obstetrical Society 1 January of this year by the obstetrical registrars
of this regron showed very planly that many women on whom elective
Casarean sections were performed for alleged dispropertion were able
to deliver themselves subsequently of larger babies by the vagmal
route As 1t was impossible to separate the cases of disproportion
from those of contracted pelvis in this decade I thought st would be of
interest to mestigate the mncadence method of dehvery and results
1n a sertes of proved cases of contracted pelvis I have taken the figures
from the Simpson Maternity Pavilion for the years 1950 and 1951
ta form the basis of my paper | would hike to take this opportumty
to thank the Chuefs of the Simpson for the use of therr cases the Depart
ment of Obstetrics for the shdes and not by any means Jeast my
fellow Registrars for permission to quote from the January paper
which has not yet bren published

There has been a tend to the h 1 side of
labour m favour of the functional but 1n every patient approachmg
term the accoucheur must ask humself s the pelvis adequate? If
not he should attempt to find out exactly where the abnormalty hes
because although we are dealing usually wath full term healthy babies

Read 18th June 1953
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and relatively normal mothers the results 1n the past have been poor
and still are far from perfect

In order to appreciate the advances made in the treatment of
contracted pelvis in the last quarter centurv 1 have perused the records
of the Edinburgh Rojal Matermty Hospital and its successor the
Simpson Memorial Matermity Pavilion for the years 192, 49 | have
divided the results mto five year penods and in Table [ one can obtaim

TABLE I
Contracted Pelns in Five }ear Pertods

1975 @ , LTLTY I 191 32 { 444 ! X948 47 95 -
“Tota] contracted pelvis 408 6: 2, 400
Matemnal deaths o1 i AR °
‘Pennatal mortabity =0 63 57 34 26 3
Spontaneous delivery so, K| | ne| 1o
Forceps delivery %, el & % EN b
Induchon of premature labour | % , 23 - °
Cresarean section (total) B 1 6 128 164 26, 165
Caesarean section (prums) 6o 46 a3 89 13 52
Cranictomy 16} 17 15 13 3 2
\ersion-ibreech extrachon 3 6 o 1 © i
Total delivery after 28 weeks 8331 ' of20| 10623 | 15118 ] 55536 ] 1400
Per cent. of contracted pelvis 49 39 i 243 21 29 8y

.

an overall picture during this ime  The column on the extreme nght
1s an estimated figure for the five year penod from 19,0 onwards
constructed by talung the figures for the Jast three years and bringing
them up to the same level as the other columns Its value 1s merely
to show the current trend m the treatment and the results therefrom
The main points to be noted from the table are the dramatic fall i
the maternal mortality which shows that as far as life 15 concerned
both vaginal delnery and Casarean section are now relatively safe
The pernatal death rate by which 1 mean combined stillbirth and
neonatal deaths while a great improvement 1s still too high for what
1s usually a normal baby

Regarding the various methods of delivery probably the most
marked change 1s the almost complete disappearance of mnductron of
premature labour This was as a rule undertaken in the hope of
avording Cesarean section  but while possibly the mother was at
less rish the unborn child was subjected to all the complications of
premature labour often prol i and req g an Imnstr I
delnery Version and breech extraction have been condemned i the
treatment of contracted pelvis for many years but mn the pre antibrotic
days was a life saving measure for the mother i mfected cases admtted
late 1n labour Like cramotomy which 1s nowadays only done m a
mortbund or dead foetus 1ts meidence 1s very low

Casarean section was even In the first five year period the mamn
hne of treatment generallv electne and usually of classical type
“The madence of Casarean section appears to have nisen i the period
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1045 49 but n this pertod the total number of births rose very markedly,
and one can see that the total number of cases of contracted pelus
also was correspondingly high

1 think that this 1s an appropriate moment to describe a few basic
facts The defintion of contracted pelvis as given by Litzmann 15 still
as good to day as when first wntten 1n 1861 t¢ A contracted pelvis
15 one 1n which one or more diameters are so shortened that this may
interfere with the normal mechanism of labour

The pelvic bnim 1s known to all as the 1nlet to the true pelvis but
the actual mensurement of the obstetrical conjugate varies from text
bool to text book Johnstone and Kellar (1952) give the measurement
as4} 431 (108 11 4cm ) Eden and Holland (1948) as 4 m (11 cm)
Smout as 4% 1n (112 cm) and De Lee and Greenhill (1947) 4% m
(11 em) It should be pomnted out however that the available con
Jugate 15 the most important measurement, and 15 defined as reaching
from the upper margin of the postenior surface of the symphysis pubis
to the nearest point on the sacrum  For the purpose of this paper I
have taken the figure of 4 mn (10 T cm) as the lower limit of normal
for the available conjugate

According to the above-named authors the normal measurement
of the transverse of the brim1s 5 5310 (12 7 13 3cm)  This measure
ment 15 as a rule adequate but in anthropord pelves 1s less than the
true conjugate yet there 1s no real pelvic contraction  However should
this measurement be less than 43 m (11 2 cm) one must ascertain
that there 15 adequate compensation 1n the antero postertor lest one 15
faced with a case of generally contracted pelvis the most treacherous
type of all

The cavity of the pelus 1s generally the larpest part and except
when there 15 a convex sacrum difficulty 1s rarely encountered here

Turning now to the pelvic outlet there s a great deal of controversy
as to Just exactly which measurements really are mmportant I have
always considered the true bony outlet the plane of least pelvic dimen
swons as the important one  Its antero posterior 1s measured from lower
end of the symphysts pubss to the tip of the sacrum and the transverse
15 the distance between the ischial spines  The former measurement
15 5 m (12 7 em ) according to Johnstone and Kellar while Morrns
(1947) considers any figure below 4% m (11 5 em) as hable to cause
dunculty The transverse measurement 1s usually taken as 4 in
(1o tem) The only other measurement of any value 15 the subpubic
angle a reduction in which causes a certain imount of waste space
at the outlet as the head cannot fit closely under the pubic arch The
normal for this 1s 85 go

Nicholson (1938) and Allen (1947) both discuss the area of the
peluie brim and outlet mn assessing the capacity of the pelvis DMy
objection to this 15 that a very large tran verse cannot compensate
for a marhedly contracted antero posterior of the bnim  also the
interspinous measurement of the outlet 1s very variable and one sees a
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measurement of 3 1 (75 cm) not infrequently In spite of this
figure causing a small area of measurement vaginal deliery often
spontaneous, usually occurred  One must assume there 15 considerable
give at the outlet during labour

Before describing the results obtained mn the cases under review I
thought that 1t might be mteresting to find out if there was any fact whick
mmught warn us antenatally of the possibility of contracted pelvis i our
patients At the first antenatal visit the height of the pregnant woman
1s always measured It has been our custom to book all those under
5 ft (1 52 m) 1n height and on invesitgating a few hundred cases |
found that 102 per cent were booked for stature alone Turning
now to those cases of contracted pelvis who had their height measured
I found that 60 per cent were under 5 ft (1 52 m) m height There
fore we can book three fifths of the patients who are likely to have a
contracted pelvis at their first antenatal visit  Other less reliable signs
such as very small hands and feet can also be observed early m
pregnancy

A history of such diseases as rickets spinal tuberculosis, congental
dislocation of the hips and poliomyelitis should all warn the obstet
rician of the likelihood of pelvic deforrmty  In this century the number
of motor car acaidents has risen marhedly and not mfrequently the
pelvis 1s mvolved  Irregular healing of the pelvic girdle with excessive
callus formation often markedly reduces the size of the pelvic cavity

Previous obstetric history 1s of great importance and any history
of difficult labour 1n some other hospital should nvartably call for a
report Even if labour has been spontaneous but foetal death has
resulted a copy of the previous labour record should be obtamed A
previous Casarean section always demands a full nvestigation
especrally 1f the cause was alleged to be contracted pelvis or dispro
portion A forceps delivery m a prinugravida may not mfer very much
but mn a parous woman demands the most thorough mvestigation
Even 1n cases of proved contracted pelvis forceps were rarely necessary
m parous women  Just because a woman has had one or more spon
taneous vaginal deliveries does not mean that the pelvis 1s normal
a bigger baby may well cause dystocia A new parous patient should
merst as much if not more assessment than a pnmigravida I would
ltke to mention one recent case that came under our care and 1s 1n fact
one of this series Mrs S was a para 16 all spontaneous delivenes
but on imvestigating the history further 1t was found that 6 babres
had died at or shortly after birth A vagmal exammation showed
that the pelvis was markedly reduced in size and X\ ray pelvimetry
confirmed the available conjugate to be 36 in (0 cm) As well as
emphasising the value of a thorough chech up 1n a parous woman this
case illustrates most vividly the fact that any stillbirth even in 2
spontaneous delivery should be followed up in search of maternal
as well as foetal abnormality Finally if one has a difficult delivery
1t should be mnvestigated before the pattent leaves hospital  If any
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permanent abnormality 1s found the patient should be told to return
if another pregnancy occurs  The investigation will always be available
should she go to another area 1n 2 subsequent labour

Nowhere 1s the previous history of more importance than n the
woman with contracted pelvis The 86 parous women n my series
had a total of 162 children of whom 35 were lost at or soon after
birth  Thus figure of over 20 per cent combmed stillbirth and neonatal
mortality 1n babtes nearly alw ays mature and normally formed demands
further study Table II shows the previous feetal Joss 1 those cases

TABLE N1
Preious History of Women with Contracted Peltss

buth

PesetMod fDlvery  PevousMod §Delvery Toral B bes iy

5 CmsareanX1
1 CamsareanX2z
Casareant

vagmat
6 Vagmal

39 Vagmal ,

 gont Btn
E T

Total 63§ Total n

19 Caesareanx 1
10 Camsa eanX2
47 Ceesarean sechon 1 8{ V gmalt

Crmsarean
10 Vagnal

Gowmn

Total 24

delivered vaginally 1n the present pregnancy to be much lower than i
those having Cesarean section Furthermore one can see that by
far the highest feetal loss 1s 1n those cases 1n whom vaginal dehvery
was followed by Cemsarean section The figures mmply that the foetal
loss of over 60 per cent forced the obstetrician to choose the alternative
method of deltvery The last column 1s of interest it that n spite of
havng had an average of over 3 babies vaginally a Ciesarean section
was ulttmately necessary usually because of the increased size of the
child

At the thirty sicth week of pregnancy 1t 1s the normal practice to
estimate the pelvis climcally The whole pelvic outlet can be palpated
easily and a rough 1dea obtamed as to whether it 1s contracted or not
Unless the head 1s engaged one should always attempt to measure
the diagonal conjugate As a rule one fails to reach the promontory
of the sacrum 1 a normal pelvis but whether one always reaches 1t in
a contracted pelvs seemed worth mvestigatng To my surpnse I
found that 1 only 50 per cent of those cases of contracted pelvis an
whom mternal pel ry was undertaken was the p v of the
sacrum reached  Most of these were mn the lesser degree of contracted
pelvis admuttedly but to my mnd there 1s another explanation In
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maany cases of contracted pelvis there 1s a high mchination of the pelwe
brm and m performing internal pelvimetry one tends to reach too far
down  The only method of finding out this angle for certam 15 by
X ray, and I am convinced that one of the commonest causes of high
free head late n pregnancy, and also of alleged disproportion mn the
normal pelvis 1s a highly inclined pelnis  The normal nchnation is
55° to the horizontal but 1t may increase to 90° 1n some cases

If vagmnal examination 1s only successful in finding half of the
cases of contracted pelvis how else can they be diagnosed ? The hugh
free head 1n the primigravida 1n the last month of pregnancy alna)s
demands attention  If one cannot make 1t engage by one of the
standard manceuvres such as Muller s, as modified by Munra Rerr,
a full chimeal and \ ray ivestgauon should be undertaken A

TABLE 1II
Types of Contracted Peltis and Methods of Delrvery

Flat pelwis
Justo minor
Obligue contraction
Outlet contraction

Total

breech presentation i etther primigravid or parous women also demnds
a full investigation with X ray pelvimetry Other malpresentations
are rare although a shoulder presentation 1s occasionally found ante
natally It 1s of mterest that of the 160 cases of contracted pelvis only
10 had malpresentations 8 breech and one each of brow and transierse
he

Turning our attention now to the type of pelvis found wn the 100
women Table I1I shows that by far the commonest type of contraction
was flat pelvis  Flat pelvis 1s of two types nchety flat and simple flat
and 1t would have been of imterest to give the mcidence of each type
Unfortunately this was impossible 2s some of the records especially
1n the parous women wete incomplete but leaving these out I would
estimate that nickety flat was three times the more common vartety

The justo mmor type of pelvis was less common than [ would have
thought but nevertheless 15 the most potentially dangerous 1n practice
as 1t 15 often not recognised till late in labour when the head 1s
evcesstvely moulded into the pelvis

Outlet contraction with a normal brim was diagnosed 1n 22 cases
generally because of difficulty at deliverv  As a matter of fact elective
Cesarean section was carried out 1 4 cases in Subsequent pregnancies
because of this diagnosts no doubt because the fotal loss had been

high previously The 4 cases of obliquity of the pelwis aif occurred in
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patients with permanent deformuty such as congemtal dislocation of
the hips and poliomyelitis

What were the methods of delivery undertaken in these 160 women ?
Table IV shows how the 74 primigravide and the 86 multipar= were
dehvered and the results to the babtes As the problem 1s rather
different 1n prirmgravid than parous women I have analysed the
results separately In the primugravide there were 21 Casarean
section 9 of these bemng operations of election Five had prolonged
labours the reason for operation being disordered uterine action rather
than disproportion alone The remamng 7 cases had Cmsarean
section for what one might call a faled tral of labour The duration

TABLE IV
Type of Delivery and Persnatal Loss
Det ey Casarean Sect o | Forceps D 1 ety } Bt |Crn wmy | pRER,
IMIGRAVIDA
Numbers 2 26 5 1(FFO)| 1 (Twmns)
Peninatal o 1 (Cerebral o 4 1 (Cerebral
By | PO haemorrbage)
Mortalty | ¥ ND [;{1Spma ° ° ° 1 {Cerebral
l {' Asphyxia haemorrhage)
\ROUS
Numbers Ce"h ' 5 34 o °
1 Cerebral
2 s b1 (Cerebral 1 Hydrops
ernatal ! B 3 { haxg;}f,ry)}(‘:;e} b 2{ 1 Hydro } o o
J 1 Premature
Mortality JNND | 2] 1 Teterus } o ° ° °
gravis |

of labour mn these women varied from sev enty one to twenty two
hours, and the cervical dilatation from a tip to full dilatation  Possibly
1n some of these the tr1al of labour was rather madequate No babres
were stillborn i this group but there were 2 neonatal deaths one from
spma bifida the other whose mother was admitted as a case of pro
rnged labour died of asphyxta the duration of labour being eighty
ours
Turning our attention mow to vagmnal delivery we find that of
the total of §3 cases, just under half required a forceps delivery The
maw reason for forceps delivery was deep transverse arrest of the head
with persistent posterior position of the occrput a poor second  This 1s
the usual reason for forceps delnvery m any sentes of primugravide
with normal pelves but the mneidence 1n them 1s much less
The fetal mortality 1n forceps delivery was one stillbirth due to
cerebral hzmorrhage and occurred after the use of hiellard s forceps
for a high midcavty delivery
. Spontaneous delvery was obtamed 1n 25 cases without feetal loss
t 15 of interest to note that labour was very short 1n many of these
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cases and that st was possible for a 7 Ib (3 z kg ) baby to be bom
spontancously through an available conjugate of 3 310 (8 25 em)

The remaiming methods of vagmal delnery were lughly Jathal to
the babies  In the one case of breech extraction undertaken mn a case
of twins both dred of cerebral hmorrhage, one at and one shortly
after birth  The final case was that of & cransotomy adnutted from home
after a failed forceps operation  The baby was in very poor condition
and the mother exhausted so that 1t was really done as a hfe saving
measure

To sum up the prirmgravid patients  to the 74 mothers were bomn
4 total of 77 babies of whom 6 were lost  From these one maght exclude
the congenttal abnormality but even although, this leaves a hard core
of 6 5 per cent feetal loss due to contracted pelvis

Considermng now the parous women of whom there was a total of
86 we find that more than half had a Ciesarean sectton  Of the 4/
of those no less than 39 were clective and 16 patients were stenlised
At the same time It 15 worth noung that most of these women had at
fuast 2 babwes before sterslisation but 3 bad only had one pressous
delnery by Ceesarean section I have already mentioned previous
history 1o relation to feetal loss but I would hike to emphasise here
that 29 out of 47 of those parous women having a Camsarean section
had had only Cewesarean dehivery before The feetal loss was mgh
this group § babies being lost Three of these occurred i elective
operations one from 1cterus gravis one from prematunity and one from
asphywa  In the group mn labour 2 faled to survive ane hecause of
asphysia and the other because of cerebral bemorrhage This last
case had previously had an attempted vaginal delivery by high forceps
before Casarean section was undertahen so possibly 1t 1s a tnfle unfar
to blame 1t on the abdomnal operation 1 mught add that this was the
only case of brow presentatian n the series

Considerning now the cases dehvered vagnally one 1s perbaps
surprised to find there were only 5 forceps dehweries m the parous
patient It 1s of mnterest to note that 2 of these women had never had 2
vagmal delwvery before only one Casarean section cach  One baby
was lost the cause being cerebral hamorrhage 1n one of the vaginally
primiparous patients Finally 34 women had a spontancous vaginal
delsvery with the loss of 2 babies  In one of these mtra utermne death
had occurred a weeh before delivery and n the other the cause was
hydrops feetalts Therefore 1t can be stated that the method of delivery
was not at fault here It should be mentioned here that 7 of these
women had previously been dehivered by Casarean section also 3 of
these had never had a vagnal delsvery at all

To sum up the results in the parous patients showed a total foetal
foss of § babres out of 87 born to 86 women Correcting these for
unavordable fretal foss we are left with § or 6 per cent due to con
tracted pelns  This figure 13 only 0§ per cent better than for the
pnmlgrawda and considening that there were thace as many Casarean
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sections performed 1 the parous patients, tends to show that Cesarean
section 1s not the perfect answer to the problem

So far I have considered only feetal loss we must now constder
the results as they affected the mother There were no maternal deaths
1n the series and only 6 women had morbid puerperia by the Minstry
of Health standard Three of these were in each of the Casarean
and vagmal delisery groups  Much more serious than these pyrexial
cases which usually settled down rapidly with antibiotics was the
maternal catastrophe of rupture of the uterus Only one primigravida
had a classical Casarean section 1n the whole series the operation
being performed m 1950 The reason given for choosing the classical
route was a burn to the lower abdomen As luck would have 1t she
returned i 1951 pregnant agam and attended the antenatal clinic
regularly She was admutted at the thirty sicth week with signs of
mpending rupture of the uterus Immediate laparotomy revealed
that the classical scar had given way n its whole length but fortu
nately the baby was still ¢ wfero and he and his mother survived
This case does help to illustrate the danger of classical Casarean
section and shows that 1t should be avorded whenever possible especially
when further pregnancy 1s likely

One other case of ruptured uterus occurred in the period under
review a previous lower segment Cazsarean section 1n a first pregnancy
which had been followed by a twin vaginal delivery In view of this
1t was thought possible to attempt to obtamn another vaginal delery
although the avarlable conjugate was only 36 mm (9 cm) After six
hours in labour it was apparent that 1aginal delnery was unlikely
10 be easily obtained so arrangements were made to repeat the lower
segment operation  On opening the abdomen the lower segment scar
was found to have ruptured along most of 1ts length howeser the
baby as well as the mother survived This case shows that 1t 1s possible
to push the attempt to obtain a vaginal delivery too far especially
with a fairly marked pelvic contraction and a uterine scar even of
lower segment type

One last point concerning the mother must not be forgotten although
1t was impossible to measure 1t in the present sertes I mean the
gynecological legacy of difficult vaginal delivery 1n contracted pelvis
The cases of prolapse third degree tear cervical laceration and per
manent pelvic pam are only too common to permit us to forget them
for long

From the results obtained m these last two years what lessons
are to be learnt 1n the future management of contracted pelvis ? The
first essential 15 early and accurate diagnosis so that adequate arrange
ments for the delnnery can be made I think everyone 1s agreed that
there 15 only one place for a woman with contracted pelvrs 1n labour—
an adequately staffed and equipped maternity hospital As T have
already mentioned 2 great many potential cases of contracted pelus
can be booked at their first antenatal visit merely by measuring the
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height The average height of women 1 Scotland 15 5 ft 31n (1 6m)
so that by booking those under 5 ft (1 52 m) only, we are booking
something like 300 women per annum of whom possibly 55 will have a
contracted pelvis One mught argue that this 1s wasteful but 1t must
be realsed that a great many of these women would be booked for
hospital delivery anyway in this area  Possibly 1t 1s one defect i our
present system of booking patients for hospital delnvery, that, 1f they
e not accepted at the first antenatal visit they never return unless
specially sent back but go elsewhere to search for a bed

I have already mentioned that 1t 1s often difficult if not impossible,
to reach the promontory of the sacrum in a patient with a high inclina
tion of the pelvic bim even although the pelvis 1s contracted  This s
even more difficult in the unco operatrve patient, and mn this type of
patient, if the head 1s lugh, an X ray picture 1s invaluable If the head
ts high and free within three weeks of term m a primugravid woman
and cannot be made to fit in to the pelvic brim one must make absolutely
certam that there 1s nothing mn the pelvis preventing it engaging
Fibroids and ovarian cysts are not uncommonly found and for this
reason alone I think every patient should have a vagmal exanunation
earlv in the antenatal period Placenta praevia although uncommon
1s occistonally a cause of high free head near term  If 1t 15 suspected
of being present soft tissue X rays should be taken with the patient
standing Having excluded these one should next make certam that
the feetus 1s normal The commonest feetal abnormahty preventing
engagement of the head is hydrocephalus This 1s not a common
condition but 1t was shown tn our January paper that no less than 1t
women had a Cesarean section for disproportion the babies having
hydrocephalus X ray of the feetus would have prevented some of
these but not all as the munor degrees of hydrocephalus are hard to
decipher by \ ray alone One of the reasons for this 1s that if the
feetal head 1s nearer the X ray tube than the pelus it 1s magnified on
the film If one 1s not certamn 1f hydrocephalus 1s present or not 1t 1S
far better to let the pattent go mto labour and when the cervix 1s half
ditated palpate the head directly This will often reveal the separated
sutures and large fontanelles of hydrocephalus I wught add here
that before doing a Casarean section for any cause whatsoever one
should always try to obtain an X\ ray picture of the whole foetus It 1s
bad enough for a baby with a congenital abnormality to be born
vagnally but to deliser 1t by elective section 1s tragic  The presence
of hydramuos mahes this ™\ ray even more imperative but as Macafee
(1950) has shown an X ray cannot show abnormahties of abdominal
or thoractc organs and even munor abnormalities of the spine may not
be vistble

As I am still on the subject of X rays I think it 15 an opportune
moment to consider % ray pelvimetry This has revolutionised the
accurate diagnosis of contracted pelvis because it enables us to use
our most highly developed sense  To be able to see the whole pelvs

.
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1ts shape inchination  to be able to measure its s1ze accurately and to
see the feetal head 1n ats relationship to the brim are a great advance
on palpation alone  The much quoted aphorism of Freeland Barbour
The feetal head ts the best pelvimter s stull true as far as the bim

15 concerned but to hnow exactly the size of the whole pelvis bnim
canty and outlet 15 invaluable because difficulty miy anse below the
leve of the brim of the pelyis

Whether evers pregnant woman should hasve her pelvis measured
by A rays once 15 a debatable point but it would appear as
worthy of domng as routine chest Nrays which every pregnant
woman 15 offered the chance ot having performed  If 1t were possible
o hav¢ one lateral film taken which would show the two most important
measurements—the antero postestor of inlet and outlet—t would be a
wise investment  Perhaps in the next few vears 1t will be possible to
record these measurements on mimature films and pick out the ones
suspected of hating contracted pelvis for full pelvimetry

1 mght add that in our cases only those women suspected of having
1 contracted pelvis on clinical examination have been sent for X ray
pelvimetry The one exception to this 15 i malpresentation the
commonest by far of which 1re breech pr External cephal
version 15 usually attempted before pelvimetry 15 performed but if
unsuccessful no breech cases should be allowed to go mto labour
without X rav pelvimetn hawving been undertaken The feetal loss
m breech delnery can be substantially fowered by making sure the
peluss 1s normal before embarking on vaginal delisery 1 mught suggest
here that if one finds a breech presentation w a case of mildly con
tracted pelvis one should alwavs consider external cephalic version
even under anasthesta because otherwise a ( wsarean section at term
wifl be necessary

Having diagnosed a contracted pelvis clinically measured 1t
accuratcdy by X ray pelvimetry and also shown the feetus 1s normat
what should be the modern hine of treatment > Twelve years ago the
problem was quite different Sepsis still took 1ts toll in spite of the
sulphonamides while none of the anubiotics were 1 common use
Vaginal examimation so necessary to judge the progress of a trial of
labour accurately was strongly discouraged because of the risk of
sepsis  Casarean section was nearly always of classical type and of 2t
could be dane as an operation of election with intact membranes so
much the better  Anzsthesia 1n the labouring woman was not so well
understood especially the fact that food tends to lie i the stomach
for a long time Many babies and not a few mothers were lost because
of mhalation of vomitus at operatn e delivery

In view of this one can undertand why it was customary to admit
these patients to hospital and under anasthesta 1f necessary attempt
to fit the head into the brim of the pelvis  If one succeeded labour
was allowed to start spontaneously 1f not elective Casarean section
was performed shortly before term  Unfortunately this method
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of treat had s 1 , beeause af the lower segment was
nat properly taken up, it was smpossible to mahe the head fit into
the brim of the pelvis  Alse high inchnation of the pelvic brim made
this manceuvre difficult in many cases

Nowadays the position has changed and I would submit that any
primigravida with a flat pelvis in whom the foetus 15 presenting by
the vertex, and m whom the obstetrical conjugate 1s over 35 1
(8 75 em) should be allowed to go nto labour I would specifically
exclude elderly primigravida, not only those of npe age but those who
have been married for many years without becoming pregnant  All
malpresentations  especially breeches of course would be excluded
Table V shows that there 15 over 75 per cent success 1 this group
obtaining vaginal deltvery

TABLE Vv

Type of Delrvery by St o of Peluss
(Acatindle Conpugate of Brim)

Frimigravide Only
! Cmmmsean | 57 Sr’;'lwmtgg"g:_‘ Cravsotacns-
4 and over {outlet) ' 3 {1 ¢l ctve} 7 3 [ 1
161 4in ti{s 15 20 1
35 and under 52 ) 3 2
Not recorded 26 ) 1
Toral 1 z1 {9 Y ; & 1 25 1 H

What 15 to be gamned by ths ltne of treatiment ?  Fustly one »
certatn that the patient 1s at term or as near term as she s hihely to go
1t 15 often difficult to assess the size of a baby and by allowing labour
to start naturzlly one 15 prevented from domg s Cmsarean sectton
too soon and possibly delivery of a baby a month premature

Secondly 1t ensures that the patient 1s given a fatr chance to dehver
herself vaginally One 15 often surprised to find delivery i a prims
gravida extraordmnanly easy where one anticipated difficulty in vaginal
delwery if not faslure Labour 15 nat generally so wiolent that o
saginal delivery appears impossible a lower segment Ceesarean section
cannot be performed with safety to mother and baby

Thurdly should Casarean section have to be performed for any
associated cause ta spite of contracted pelviz such as malpresentation
prolapsed cord or inco ordinate uterine action vagmai debvery
2 subsequent labour 1s much more probable if the cervin has been
allowed some ddatation

The table also shows that m only 12 out of the 63 prmgravide
allowed any labour at all was Ciesarean section necessary  As already

entioned some of the labours were extremely short in those having
abhdommal delivery and one can only assume that the patient went
snto labour before elective Csarean section could be carned out
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As was stated already delivery must be undertaken in a properly
equipped mstitution with medical aid available at a moment s notice
If the patient has been assessed properly before term there 15 probably
no need to admt her to hospital till labour starts  The only shight risk
1s prolapse of the umbilical cord should the membranes rupture before
she reaches hospital Very early rupture of the membranes before
labour 1s properly established 1s not a good prognostic sign 1n a tnal
of labour because 1t often heralds a long labour with an inco ordinate
uterus When the membranes rupture if the head 1s high 1t 1s 2 very
wise precaution to examine the patient vagmally to exclude prolapse
of the umbilical cord  If found with an undiated cervix and a high
head Casarean section 1s the only answer for the safe delivery of the
baby

In a trial of labour a nurse should be with the patient the whole
fime not only to keep up her morale but to ascertain the length
1nterval between and strength of the uterme contractions She should
also heep a careful ear on the feetal heart as after all this 1s our only
method of judging how the fetus 15 standing up to labour The patient
should be encouraged to drink plenty of fluids contammg glucose
She should not be given much solid food as she has more than a 50 per
cent chance of an instrumental delivery and nothmg precipitates
anesthetic vomiting like 2 three course lunch

One should always remember that this 1s a trial of labour and to
obtain a successful result the pattent must have uterine contractions
to dilate her cervix  Over kindness 1n the early stages imahdates
many a trial labour and one must beware of oversedation Pethidine
15 an invaluable drug when gnen at the right hme namely when
regular sustained contractions are occurring and the cervix 1s 2 3
fingers dilated Earlier than this one should be content with syrup
of chloral  Morphia 15 a valuable drug to give the labouring woman
a restful sleep but must not be used withm four hours of antreipated
deliveny

In assessing the progress of a tral of labour much can be learnt
from abdommal evamunatton  the postion degree of ficxion and
descent of the foetal head One essential fact which cannot be found
by this means however 1s the degree of cervical dilatation  If labour
appears to be progressing well with regular pains 1t 1s probably un
hecessary to assess the degree of cervical dilatation before the membranes
rupture  If the trial 1s progressing well the bead may be 1n the pelvis
and the cervix fully dilated when this occurs  However 1t may be quite
the reverse the head high and the cervix hardly dilated at all Vaginal
€Xamination 15 the only certain way to find out how dilated the cervix
15 wath absolute accuracy  Rectal exammation has a small place when
there 15 a normal pelvis with the head deeply engaged but in cases of

contracted pelvis 1s not only indefinite but dangerously misleading  One
should never hesitate to exarmine vagnally on more than one occasion
should there be doubt as to the progress of labour One can also feel
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the degree of moulding and accurately diagnosc the posiion of the
feetal head in the pelvis with relation to the degree of engagement,
and also whether the vertex 1s anterior, transverse or pasterior
malpresentations such as face or brow can be excluded  Good prog
nostic signs when the membranes rupture are a head fittimg well mnto
the cervical nng, dilatation bang at least four fingers and the leading
part of the head approaching the sschial spanes  On the other hand a
high head with the cervix hanging down hhe a curtam m front of it
13 of poor prognostic value

Just how long a trial of labour should be allowed to continue before
active interference 1s undertaken depends on the progress made  If the
cervix 55 approachang full dilatation, and the head 1s engaged a vagmal
delivery can be anticipated  Sturrock (1938) has shown that after thirsy
hours of labour both the maternal and feetal death rate rise whether
disproportion 1s present or not I would therefore suggest that after
twenty four hours in labour the position should be entically reviewed
An abdominal exanunation should be made to assess the descent of
the head and whether an occipito posterar posttion 15 possthly causing
an inco ordinate type of labour Even if the membranes are mtact
a vaginal examnation should be made to assess the diatation of the
cervix and the position of the vertex  If there 1s a large caput or
excessive moulding the head may appear to be lower mn the pelvis
than 1s actually true as regards the greatest diameter of the feetal skuil
In such cases a single lateral X ray photograph may be of great value
in showing the true state of affarrs and prevent embarkation on 2
vaginal delivery which may be difficult or impossible

Should the examnation show that cervical dilatation 15 nearly
complete and the head descending one shouid let labour continue as
a vagmal dehivery possibly assisted should ke obtatned within 3 few
hours On the other hand 1f the head 15 suil high and free and the
cerviz only dilated a fingers breadth or two one should seriously
consider termuinating labour by Cmsarean sectton  Inco ordinate
utertne action of etther the hypotome or hypertonic type 1s supposed
to be common i cases of contracted pelvis  In my senes of both
abdomunal and vaginal deliveries labour lasted over thirty hours
1 16 cases that 1s roughly a quarter of all the prmsgravida
who were allowed any labour This 15 more than twice the rate for
prmugravidze taken as a group In § of the 16 cases Crsarcan
section was performed mamly because of the fatlure of the cervix
to dslate It has always been considered madvisable to gne uterne
stimulants such as pitocin to women with contracted pelves because of
the danger of ruptured uterus In the last few years a newn drug
has appeared in the treatment of inceo ordmate uterine action
namely dihvdroergotamne In the pauent with a normal pelvrs 1t
has been found to be an mvaluable drug but we have not used 1t
in cases of contracted pelvis comphicated by disordered utenne actiont
Gill and Farsar (19,1) showed that the number of prolonged labours
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could be substantially reduced by the use of this drug and consider
that 1t acts by reducing the tone of the uterus If labour appears to be
progressing well after twenty four hours even although dilatation
1s pot far advanced one should let it continue for another twelve hours
before reviewing the position again  If progress has been mamtamed
and delivery appears hkely soon one should let well alone but 1f
there 1s Iittle or no progress Ceasarean section 1s strongly indicated
One may cnnase this labour by the clock but the fact remams that
1f an eye 1s not kept on the duration of labour 1t may dnft on for days
with the feetus less able to withstand the ulumate Csarean section
What other factors might lead one to termuinate the trial before
vagmal delivery was posstble ? I have already mentioned the necessity
of keeping a careful check on the feetal heart Sometimes when the
head 13 moulding through the pelvic brim marked slowng of the feetal
heart 15 noticed This should only be a temporary phase however
and should the feetal heart fail to return to normal one must constder
abdominal delivery There has been a tendency n recent years to
mimmuse the value of Listenung to the feetal heart 1n labour and even at
the Brntish Congress of Obstetriczans 1n 1949 Feeney stated that
obstetricians should not be unduly fussed by the feetal heart It should
be stated however that he was soon challenged by Nixon because as
tswell known 1t 1s the only way one can assess how the feetus 15 standing
Up to the trial of labour The fact remains that some feetuses just
will not stand the pressure and possibly anoxzmia of a trial labour
and 1f not rescued 1n time will die even with ntact membranes
notice that two of the Cesarean sections m mj series were performed
for feetal distress one at four fingers dilatation and the other at a tip
with ruptured membranes while another was performed for prolapse
of the umbilical cord 1 mught mention here that fresh mecositum m a
Yertex presentation 1s another ominous sign and should wam one to
listen most carefully to the fcetal heart Sometimes when a Cesarean
section 1s performed for mertia or possibly gross disproportion early
mn labour one 15 surprised to find the amniotic sac full of thick
mecomum even although the feetal heart 1s normal  Thus 1s the type of
<ase m which the foetal heart stops suddenly and 15 most commonly
found 1n elderly primugravide and cases of post matunity 1 would
like to pomt out here that the only reliable signs of feetal distress are
Vamatons n the rate of the feetal heart usually marked slowing
althcugh occasionallv a rate of over 160 per minute heralds severe
fetal distress 1 do not think the so called muffling  of the feetal
heart 15 of any value at all because as the head descends the back
;}omtes and changes in the audibility of the feetal heart occur A foetal
ot?a,; rate persistently below 100 per minute calls for tmmediate delivery
the foetus by forceps or Casarean section depending on the dila
tation of the cervix and ease of delivery
Another factor that may occasionally force one s hand 1s maternal

distress but if the patient has been adequately prepared for labour



190 ROBLRT BROWN

by relaxation exercises and the posttion explaned to her as regards
vagnal delivery, these cases should be rare As a matter of fact 1t
1s the patient who has had an elective Casarean section for any cause
n her first pregnancy who often takes labour very badly m the next
one and demands a repeat section early m labour In both types an
adequate sedative such as morphra usually relieves the pam temporartly
but these patients are poor subjects for an extended trial of labout, as
often as not they have disordered action of the uterus, possibly caused
by the emotional upset A timely Casarean section i this type of
woman may be justified as it also may be necessary m the woman
who has been promused 1t elsewhere and nothing will convince her
1t 1S not necessary as an elective procedure

A third factor that may cause the trial of labour to be abandoned
1s the fact that the head 1s not able to descend nto the pelvis I would
like to emphasise here that while 1t 1s not necessary to let the cervix
dilate fully before abandoning a trial of labour, it 1s necessary to let
labour continue for some time with ruptured membranes Often on
vagmally examiming these patients one finds a large bag of membranes
with the head perhaps a half inch behind  Once the membranes
rupture the head often fits snugly into the cervix and labour proceeds
rapidly

What should be done when the cervry reaches full dilatation but
the greatest diameter of the head remams high m the pelvis—just at
the bim? This to my mind 1s the most difficult case to deal with of
all because vagmal delivery 1s theoretrcally possible and having got
this far one 1s reluctant to change ones tactics However the fact
remains that a forceps at this level 1s dangerous to both mother and
baby a lower segment Ceesarean sectton 1s to be preferred It 15 some
times alleged that there will be difficulty in disempacting the feetal
head but 1n practice this 1s rarely found It 1s usuallv possible to hft
the head out manually but some operators prefer one or both blades
of the obstetric forceps Sometimes upward pressure on the anterior
shoulder makes delivery easter  The one stillbarth in a forceps delivery
m a primgravida was 1n a case hhe this where the head was
arrested high in the pelvis the actual cause of death bemng cerebral
hzmorrhage

If the trial labour has been successful and I have shown that in
over two thirds of the cases of contracted pelvis in primugravide this
occurred one must be prepared to deliver by forceps m 5o per cent
of the cases Therefore once the head 15 well into the pelvis and labour
not progressing 1t 15 far better to examne the patient vagmally to
find out 1f the delay 1s caused by malposition of the head erther occipito
postertor or transverse  To wait for signs of foetal or maternal distress
15 poor obstetrics and gravely prejudices the results It 1s ot inferest
to note that mn this series roughly half of the cases had a malposition
1n the occiput deep transverse arrest being that most commonly found
As a control 1 heep a record of a similar number of primigravide
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with normal pelves and found that wiile only 18 per cent required
mstrumental delnery lateral or posterror position of the vertex was
even more commonly an indication for interference One factor
which plays a large part 1n safe delnery 1 this typeof patient 1s adequate
anesthesia  If a fawrly difficult manual rotation of the head 1s necessary
good uterine relaxation 1s required  The only two drugs which make
this posstble are chloroform and ether neither of wluch find much
favour with the modern anmsthetist  In all types of transverse arrest
haelland s forceps have proved their value if manual rotation s 1m
possible but I do feel that 1t should be tried first

A case of prolonged labour cul mg n a farly suff mid cawaty
forceps 1s apt to show some degree of shock after delivery I have
found that an intravenous glucose dnip for a few hours before delnery

TABLE VI
Type of Deltery by Ueight of Baby
Primigravida Only

Weght fBEes | Caa ean Secton i Boom | gy | pheed) |c otomy
91b and over ﬁ: 3 (1 elective) ’ 1 !
&g ig | 1t o !
7 6 }
671> S ) K b 1 s '
Under 6 1b 1o ) - 7 I
i [{tpr twn ) | (1 pr twms) .
T tal i 21 (9 ) 1 , f 6 [ 1
\_ |

1s 2 very good prophylactic measure and consider that a pint of flurd
before delivery 1s of more value than a pmt of blood after delnvery
Also if there 15 any question of intravenous therapy 1t 1s a wise obstet
ncan who gets there first before the anmsthetist needs all the veins
for hus polypharmacy

The mam factor which appears to decide whether vaginal delivery
will be spontaneous or not 1s the size of the feetus  Table VI shows
that 1f the foetus 15 over 8 Ib (3 6 hg) a forceps delivery 15 the rule
It also shows that the Camsarean sectton babres were of all weights
although there were a significant number over 9lb (4 1kg)

Turning now to the parous patient the treatment depends on two
mam factors in the previous history There are firstly the number
of Ining children and secondly whether a Cewmsarean section has
been performed or not 1 mught just repeat here that before embarking
on the delvery of a parous patient with contracted pelvis one should
assess the case as carefully as the primgravida with X ray peluumetry
2 well as clinical exammation
Obs:;one or mote vagmal deliveries have resulted in feetal loss the
> Tician 1s reluctant to try for another vagimnal delivery lest the

me result may occur  As I mentioned earlier the previous history
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of many of these parous women 1s extremely bad and one may be
compelled to offer the patient a Czesarean section 1n the hope of obtain
ing a lving child  While elective Caesarean section 1s not the perfect
answer to the problem the fact does remain that i1t does give these
women a better chance of a live chuld  In the present sertes 2 babres
to all appearances perfectly normal were lost at or after electne
Casarean section  Thus, out of 39 1s probably higher than normal for
the operation but nevertheless permuts those who consider Casarean
section the correct treatment for all cases of contracted pelvis to see its
Limitations

While vaginal delivery in cases of contracted pelvis with a Czsarean
scar 15 often possible and indeed occurred i 13 of my sertes I think
we must be very cautious as to the advisability of allowing this to occur
I have no hesitation in advocating vaginal delivery after a previous
lower segment Cesarean section where the pelvis 15 normal but
consider when proved contraction 1s present this 1s subjecting the
uterus to a big stran While 1t must be admutted there was only one
case of rupture of a previous lower segment Cesarean section scar
tn my sertes there were only 13 of these women who had any labour
at all Another important pomt was shown in our January paper
that the babies are nearly always heavier m a subsequent pregnancy
whether vaginal or abdominal delivery 15 undertaken

If vaginal delivery possibly instrumental, 1n the previous preg
nancies has resulted in living children we find that as a rule spontaneous
delivery can be anticipated 1n the subsequent labours  Possibly the
most surprising feature of this whole paper was the low incrdence of
forceps delivery 1n the parous women One must however not be
unduly complacent about vaginal delivery because as has been shown
Casarean section was necessary 1n 10 women who had had vagmal
delivery only previously One should never make sterilisation the
excuse for doing an unnecessary Cazsarean section

Finally to sum up I do feel that if we are to reduce the number
of unnecessary Cesarean sections m contracted pelvis we must focus
our attention on the primigravid patient  Provided the pelvis 1s not
grossly contracted these women should be allowed a good trial of
labour as 1 have described not just a token one which 1s valueless
We must however heep an open mund and if progress 1s poor or the
feetus not standing the trial well we must be prepared to step in and
perform a low er segment Czesarean sectton At the same time we must
be careful that 1n our attempts to obtain vagmnal delivery we do not

lean over backwards and refuse to do a Cesarean section when the

need for 1t 1s obvious It 15 interesting to note that mn the last three
years a total of only 31 Cesarean sections m primigravidz were per
formed for contracted pelvis in the Simpson Matermty Pavilion
constdering that in 1947 no less than 46 were performed we are obviously
heading 1 the right direchion
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SOME PHENOMENA OF TONE IN THE GASTRO
INTESTINAL TRACT

By JOHN B KING

THE choice of subject indicates no failure to appreciate the difficulties
of discussing any aspect of tone whether 1n voluntary or plamn muscle
and I have indeed an acute awareness of the extent to which it 1s properly
the province of the physiologist None the less there are many
phenomena of normal and abnormal tonic states 1n the gastro intestinal
tract which are constantly evident in routine climcal X ray work
but which evade observation 1n the laboratory by chinical examunation
or at operation It 1s to some features of these conditions that I wall
confine myself

In the cesophagus the Plummer Vinson or Paterson Kelly syndrome
and cardiospasm are both conditions which by their intermingling of
functional element and organic change would suit this subject well,
but so vast 1s their Iiterature and so attractive are the conflicting theories
associated with them that st may be better to consider an upset of tone
which if rather rarer 1s not so mvolved 1n some of these difficulties
The only case history given here will be that of a patient with 2 diffuse
hypertonic state of the whole lature of the phagus not
because of the relative rarty of the condition but because 1t exemplifies
so well features to be mentioned at other sites mn the alimentary tract
and b cesophagoscopy makes possible direct observation of the
spastic state here 1n a way not possible elsewhere (Plate, Fig )

This man aged 64 had been admutted to the Royal Infirmary
Edinburgh on four occasions in the previous five years, and was known
to be suffering from cirrhosts of the liver bronchiectasis cardac fatlure
and marked vitamin A deficiency His dysphagra was only mild had
been present for an indefimte period certainly for sev eral years and
there was no reason to relate 1t to his many established organic dis
abilities  While the difficulty 1n swallowing was noticeably intermuttent
the very abnormal state of the cesophagus was constant at all X ray
examunations and had been the subject of interest dursng the previous
penods of admission to hospital  (Esophagoscopy done on more than
one occaston confirmed the essentially spastic nature of the ring hke
contractions 1t was suggested that when pentothal was used the con
strictrons seemed to be deeper but to relax with less pressure than when
no general anzsthetic was used No autopsy findings are available
on this case but such examnation 1n precisely simular cases have failed
to reveal any organic g 1 1 the pt and none of
these cases which have been fully investigated appear to give ground

Read 3rd May 1951
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(a) @
FIC 3—Game patient upnght posture  Six weeks wterval (q) Atony due to gastric ulcer
of middle of lesser curvature No pylonc or duodenal obstruction (8) Recovery of
postural tone following healing of gastnc ulcer

N

Fig 4 —Amow at A indicates spastic segment of di tal colon which can remain filled with gas
and shov no contraction while an enema fils th proxmal calon
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for beheving that the condition in this pauent was secondary to the
vitammin A deficiency

Here then 1s a gross extenssse and apy Iy fi 1 d
of fong standing of entwely unknown mtiology assocated with no
detectible post mortem changes By itself it 15 essentially symptomless
only occastonally becormung evident to the patient by the difficulty
snallowing which 1t produces

The antithesis of this conditton also occurs as  diopathic  paralysss
of the axsophagus m which the entie esophageal wall appears healthy
but flacesd does not contract on a bolus of food and shows no visible
perstalyis on X ray examunation while naturally the dysphagia 1s
postutal as gravity alone 1s avaslable to pass the food nto the stomach

Once established nesther of those conditions seems to be progresswve
and the cases which have been followed up have died of apparently
unrelated disease  As nesther the simple reporung of ssolated cases
with elaboration of nomenclature nor the formation of unsubstantiated
theory are likely to advance the und: ding of such cond what
15 surely requsted here and i many sumlfar gastro mtestinal conditions
1s insestigation by co operation with physiologist end pharmacologs

1f only by the very difference of 1ts motor function 1t s natural that
the tone of the gastric 3 ¢ should be 1 very different
ways from that of the cesophagus  Here more than at any ather part
of the gastro intestinal tract 15 seen postural wisceral tane that form of
adaptation of & hotlow viscus to the form of sts content never absent
during hife but ever varying 1 degree

Unfortunately the fime has not yet passed when the small high
stomach of the short broad individual s described as hypertonie and
atonierty attnibuted to the normal state of the stomach in the long and
lean  Such stomachs are no more than normal varsatons of anatomtcal
formation therr shape 15 in no way related to any aspect of muscle
Y;_me a)nd recogmuon of this 18 not withaut cliucal application (Plate

g

Pastural tone 1n the healthy stomach 15 most sumply scen at % ray
examunation n the upright positton s that state of contraction which
heeps the opague meal i the form of a coluran mamntamed aganst
gravsty and not as a simple level pool  With recumbency the demand
an the gastnc musculature to mantam postural tone 18 removed or at
least greatly diminished and this release of strain 1s immmedaately made
eudent by an mcrease of penstaltic contraction both n depth and
frequency  This close re p between postural tone and the local
intermittent tore state of penistalsis 1s a novmat phenomenon which be
comes greatly exaggerated in the early stages of pyloric occlusion besng
wdeed the eathest X ray evidence of this state  These tomsc changes
are of more than academtc interest  thus Torathing 1§ an exaggerated
chinseal of hyper and 1ts severity and speed of
development can be sery signuficant of the cause of the obstructing
condition It 18 not really 2 common symptom of that stage of a duodenal
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assoctated with gastnic ulcer less well known but of great interest 1s
that atony and dilatation which 1s present 1n some cases of peptic ulcer
m the region of the mcsura angulans  The whole \ ray appearance
1n the upright position 1s that of pyloric stenosts of long standing with
complete or almost complete loss of peristalsis but examiation 1n the
prone position demonstrates that there 1s no antral pyloric er duodenal
obstructing condition  The mud lesser curvature gastric ulcer has in
fact produced a failure of both postural tone and penstaltic actiaty
the mechamsm by which this effect 1s produced remains unknown (Plate
Fig 3 aand 8}

But all vanations of tone are by no means of phystcal ongin there
15 that sudden and sometimes complete Joss of both postural tone and
persstaltic contraction which follows fright A banged door, 2 dropped
tray even an mept remark during fluoroscopic examnation and it 1s
common to see a stomach of normal tone allow 1ts content to sag and
take on all the appearances of organsc dilatation  Here n mmvoluntary
muscle 1s 2 mamfestation of that feature of which Shernington? wrote

Of all the reflexes 1t 1s the tonic reflexes ¢ g of ordinary posture

that are 1n my experience the most eastly interrupted by other reflexes
It 1s this Joss of gastric tone unpercerved by the indwvidual just as much
as the pylonic spasm of fear that 1s the cause of that gastric stasts of
psychological origin which may persist to the extent of causing a
twenty four hour retention of food

The problems of sphinctenic tone mvolved m pyloric actiity are
of an excessive complexaty  In the first part of the duodenum there 1s
that great tendency to local spastic contracton which makes possible
a reasonable accuracy of X ray diagnosis in peptic ulcer and 1t 1s
because spasm here may be so closely simulated by scarring that
naccuracy persists to a serious degree What seems to remain for
mvestigation 1s the extent to which the extreme liability to local toric
<contraction here 1s due to the same underlying physiological basis as
1s the tendency to ulcer formation

In great contrast 1s the distal small intestine tn which the tone 1s
such that an anatomical Jength of over twenty feet has to be equated
with a phystological length of under seven feet yet this remarkable
degree of constant contraction 15 consistent with an almost entire
absence of any hability to local spastic phenomena It 1s true that
ulcerating lesions are rare but they d and adh are
and when wnvolving the colon it 1s there that spasm tends to take place
But of the tonic phenomena here 1t 1s that mvolvng the conception
of reverse peristalsis which requires comment since there 15 wide
spread acceptance of such action ewssting  Certamly the rapidity of
the progressive movements of the small intestine makes their study
difficult but I know of no X ray evidence in favour of adoral perstalsis
as a physiological action or under pathological If a seg
of bowel contracts symmetrically 1ts content wall tend to pass equallvy
forwards or bachwards and if a progressive movement takes place
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ulcer when there 1s internuttent pyloric spasm, or of the early phase of 2
slowly developmg fibrous stricture but ss frequent 1 rapid occluston
whether by true tumour or inflammatory mass The next reaction of
gastric tone to persisting or progressive pylonc obstructron 1s a diminu
tion of both postural tone and penstaltic actrvity and as might be
expected the rate at which the atonic state becomes evident 1s 1n direct
proportion to the speed of the occlusion thus advanced gastric atony
known to have developed over a short period ts more suggestive of
obstruction from tumour than from ulcer stenosts  Much later in the
formation of pyloric stenosis, when dilatation has des eloped and postural
tone has ceased to be maintained no penistalsis 15 detectible with the
patient upright, but deep contractions will still develop with recumbency,
and be even more marked 1n the prone posttion than when supme  The
mvoluntary muscle of the stomach 1s here showing the state of which
Sherrington ! wrote * The warung of a reflex under long mamtamed
excitaton 1s one of the many phenomena that pass in physiology under
the name of fatigue’ * These phenomena are also found in that
relatively rare but interesting group of cases m which a true hyper
trophic pyloric stenosis causes symptoms only Jate 1 Ife  Here the
gastric musculature has been equal to the strain of passing food through
a narrow pylorus until with increasing years the power of tomic con
traction becomes prematurely weakened similarly some of these cases
only came to hight under the undue fatigue of active service m war

Patients with great dilatation and atony from chromc stenosing
duodenal ulcers are becoming rare formerly so common, therr chinical
hustory followed a most consistent pattern each stage corresponding
to the tonic changes 1n the stomach The acute dyspepsia of the early
active phase had often been almost forgotten while the memory of
the vomting of the later hypertomc state remamed clear With the
development of gastric atony vomiting ceased sometimes for years,
only to recur in the terminal stages of advanced stenosts by which ime
the cachexia and anorexa so frequently simulated carcinoma  Surgery
perhaps more than medicine has found 1t necessary to consider and
deal with some of the manifestations of tonme change as mn acute post
operative dil of the h or small 1leus but the more
chronic changes are of no less importance In the era of gastro
jejunostomy an anastomosis made at the optimum point 1n an atonic
stomach not infrequently proved to be undesirably high followmng
recovery of normal postural gastric tone and more recently the effects
on gastric tone of simple vagotomy were of interest if only because of
therr long term unpredictabiity though the immediate tendency
to post operative atony was indeed defimte

Peptic ulcer of the lesser cunature 15 classically assocrated with a
spastic indentation of the opposite greater curvature but why this
spasm only occurs in Certain €ases 1s not known nor 1s there any evident
relationship between the size of the uleer in width or depth and the
presence of the spasm Another form of tonic change in the stomach
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A parallel but probably quite distinct group of cases are those 1n which
sudden atony of an otherwise normal colon sufficiently marked to
produce obstructine symptoms may be the first sign of advanced failure
of renal function  In the transverse and descending colon there 1s that
normal formation known as haustration which 1s probably to some
degree a manifestation of tone  Attnnbution of haustration solely to the
hmuting effect of the tmma coli cannot be accepted for 1f the temae
are divided haustration to a large extent persists moreover 1n those
pathological states in which the haustration disappears there 15 no reason
to believe that there 1s any alteration in the length of the teniz  There
seems little doubt that the tzenize act as fixed pomnts for the contraction
of the arrcular musculature and that the haustration 1s i part due to
such 2 tonic state  Research here would be of chirueal value of 1t
established the relationship betw een the extent of inflammatory involve
ment of bonel wall and that disappearance of haustration which 1s
known to occur 1n ulcerating conditions

The spasm which so commonly occurs at the distal end of the
descending colon 15 another and very different type of local tonic upset
Just as pylonic spasm was for so many years a functional entity the
existence of which was 1gnored or actually dented by many chmcrans
so the importance of persistent local spasm confined to an mnch or two
of distal colon and not related to any pathological condition has only
slonly been appreciated While the state of general spasticity of the
whole descending colon 1s readily accepted since it constitutes an entity
which 15 chinically palpable the quite distinct state in which local
spasm always occurs at the same point presents itself at X ray examt
nation as an entirely different conditton and of all gastro-intestinal
tonic changes 1s apparently the one most frequently of psychological
origin It 15 ndeed strange that scepticism about this should be met
€ven among those familiar with the capaaity of fear to blanch the
mucous membrane of the pelvic colon  No explanation seems to be
known of the actual mechansm by which 1t 1s constantly possible to
fill the entire proxumal colon and czscum through such a spastic segment
of bowel which relaxes to pass the enema but at no moment fills with
the opaque medwim (Plate Fig 4)

§lr John Fraser used to suggest an ecological outlook on these

of defi nervous co ord of the gastro-mntestmal

tract  From the purely myenteric contraction of the sponge through
the rudimentary nervous system of the sea anemone by a slow evolu
tionary elaboration of voluntary and nvoluntary nervous svstems he
52w the whole group of achalasias esophageal pylonc 1leal and rectal
as falures 1n the f of a har system Less

b y 1t may be pted that man 1n rasing himself from hus
pamitive pronograde posture has increased his lability to visceral
tonie strain
“hs}': :eneagc Ogilvie® has pomted out that astorushig extent to

exaggerated disgust with all aspects of colon function 1s a
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against a closed point there will be a backward surge of the content
proportional 1n vigour to the strength of the forward moving contrac-
ton  The presence of bile 1n the stomach or indeed of facal vonuting
1s not evidence of reverse peristalsis  While the numerous references
from the days of medicated enemata to complamts by the patients of
the taste of the substance introduced are explicable by transpiration
from the pulmonary circulation the repeated experimental finding n
the mouth, of Iycopodium spores mtroduced nto the rectum twenty
four hours previously, are admuttedly more difficult to understand
Recently there have been attempts to relate absorption abnormalities
of the small mtestine to changes 1 the mucous membrane form and
thus to attach importance to the X ray appearances in these conditions
and while certamn deficiency states are no doubt associated with topic
changes 1n the small intestine, 1t 15 more than doubtful 1f any diagnostic
X ray appearances have yet been established

One of the most nteresting features of the 1leo czcal sphuncter 15
that a structure so well defined anatomically gres so httle evidence of
function radiologically and there seems to be no evidence that 1t 15
capable of spastic contraction 1ndeed the so called competence or
ineompetence of this vale s difficult of as the
of quite low pressure for a few munutes will allow an enema to enter the
tleumn 1n every case in which there 15 not organic obstruction and there
seems to be no condition of ileal stasis unassocrated with demonstrable
obstructive lesions 1n the ileum, czeum or colon  Further evidence
that the valvular effect by the 1leo cacal sphincter 1s indeed small 15
seen on X ray exammation after the evacuation of a banum enema
when the czcal contraction will almost always be found to have passed
some of 1ts contents to the sleum and indeed this feature 1s or should
be part of the routine procedure in the X ray examination of the 1leo
czcal region

That dilatation of the czcum which 1s such a constant finding 1n
cases of distal colon spasm or indeed of any distal obstructive lesion s
not indicative of atony but merely reflects the relative lack of muscu
lature at this pomnt It 1s becoming increasingly realised that at any
one moment the amournt of gas in the alimentary tracts 1s for all practical
purposes the amount of ar which has been recently swallowed
and that the passage of mgested air from the stomach to the colon
can take place 1n under fifteen minutes 7The actuil distribution of
the gas 1n the bowel depends on its degree of toruc contriction or
dilatation, which 1s why gas not normally seen in the small mntesttae
becomes of diagnostic value here 1n obstructwve conditions A distinet
entity 15 that gas distenston of the colon scen 1 cases of renal colic
which may be in part but 1s certamnly not wholly due to excessive
swallonng duning the attacks of pan  Distension of the renal peluis
would appear ta cause 1ntestinal relaxation hence the large proportion
of cases In which there 15 a great mcrease i the amount of gas
during the short pertod required to carry out retrograde pyelography




CANCER OF THE LARINY
By Dr I SINISON HALL and DrJ F O MITCHELL

CANCER of the larynx has been known since the earliest days of
medicine but at first 1t was confused with other granulomatous
condstions In fact even mto the latter part of the last century it
was held to be rare and 1t was not uatil Emmanuel Garcia 1n 1854
introduced the laryngoscope that 1t became possible to examine the
vocal cords and the larynx itself so that differentiation between cancer
of the larynx and other conditions became possible

Prior to the days in which mspection of the larynx was posstble
it was believed that cancer of the larynx was a disease occurring
the lower part of the pharynx and growing upwards It was thought
then that extrinsic cancer of the larynx was the common disease
The possibility of accurate examunation of the larynx and the vocal
cords altered the conception and mtrinsic cancer soon became known
as the commoner form of the disease This knowledge was not
developed immediately and as late as 1894 Sir Felix Semon reported
55 cases of intrinsic disease but as these were all advanced 1t was
impossible to determine the pomnt of origin

It was only by the gradual accurnulation of experience that we
have come to realise the true distribution of cancer of the larynx

The early history of cancer of the larynx and sts treatment 1s the
story of the development of the operation of thyrotomy or larvnge
fissure  Alton Buck in Amenica and Duncan Gibb in England in
1851 and 1864 respectively appear to have been the first to operate
successfully upon intrinsic cancer of the larynx

All authorities of that day d d or laryngofissure
heartily and 1t was only 1n the closing years of the century that Sir Felix
Semon and Buthn published figures showing that their operative
treatments were meeting with greater success Even so the tale of
unreheved falures which 15 the story of the treatment of cancer of
the larynx at that ime cannot but evoke admiration for the frankness
with which the cases are discussed and the disasters recorded

It 1s probable that the devel n surgery n general the
development of anwmsthesta and “the pre operatrie preparation of

patients were the factors which helped greatly to reduce the hazards
of the operation

Read 13th November 19,2
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feature of primitive races, and may it be that the lach of scientific
interest 1n the gross phenomena of intestinal function arises from a
persistence of such atavistic mhibitions ?

Fischer 4 1n suggesting that the difference in the physiology of striped
and smooth muscle have been over elaborated, writes —

! Since the contractile mechanism in smooth muscle 1s so similar
to that of strated muscle, where 1t can be studied under much more
favourable conditions, the mamn task for the future concerning the
phystology of vertebrate smooth muscles will be the analysis of the
mechamsms by which contractton of the single muscle cells are inte-
grated 1nto the specific functions of the vartous smooth muscle organs '

Such a view may indeed be correct, but I have hoped to show that a
vast field of readily accessible phenomena exist 1n the human subject
the further investigation of which would advance physiological know
ledge on lines of great clinical value

REFERENCES

1 SHERRINGTON C (1947) JTntegratve Action of the Nervous System p 223
t Ihd p 232

3 Ocivie H (1951) Proc Roy Soc Med 44 200-206

¢ FIScHER E (1944) Physiol Rev 24 467 490



CANCER OF THE LARYNX °

carried out by different people that one realises how confused the
situation 18

The surgeon tends to classify the disease according to its operability
m the sites 1n which experience has taught him the cancer 1s amenable
to surgical treatment

The radiotherapist tends to classify the disease irrespective of its
site nto forms which are amenable to treatment by his particular
method That 1s to say the stage at which the disease 15 found whether
extensne or not extensne wmfltrating or not infiltrating and its
pathological charactenistics are the points upon which his treatment
very often 1s planned

Naturally to a surgeon the surgical classification 1s the one which
appeals most and 1t 1s proposed to divide cancer into the time honoured
groups of intrinsic and extrinsic  Intrinsic cancer 1s that which 1s
n some part of the larynx between the midline of the ventricular band
and the sub glottic space  Extrinsic cancer includes all those growths
oceurring above the mid point of the ventricular band and including the
epiglottis and the outer surfaces or pharyngeal surfaces of the larynx

SyYMPTOMS

The symptoms of cancer of the larynx might have been thought
to be so well known to everyone that early diagnosis of cancer would
be the rule Speciahist practitioner and student alike have all been
tmpressed with the necessity that cases of unexplained hoarseness
lasting more than six weeks should be exammed by someone who
has the necessary shill to see the vocal cords clearly But the fact
remains that cases of cancer of the larynx which are advanced are
frequently seen and which in many cases are past the stage of
operability when seen

The fear of what 1s likely to be found prevents some people coming
for early advice but these must be comparatiely few Therefore
the conclusion which can be drawn 1s that the symptoms of cancer
instead of being early and obvious are later and equnocal

Should the cancer occur on the vacal cord itself then interference
with phonation 15 caused with the probable result that early diagnosis
s as ured In some cases however this type of disease 15 not seen 1n
the earliest stages for the reason that there ts some other condition
present which masks the early cancer so that the patient 1s under
the impression that the symptoms of malignant disease are merely
an exaggeration of the normal Such conditions as chronic catarth
or a smokher s cough are common examples

In other cases where the cancer takes origin 1n the subglottic space
1 the anterior commussure or in the vestibule nothing but an occastonal
clouding of the voice may be noticed or clearing of the throat and
even the cancer may on occasions be found to have caused symptoms
which can disappear for weeks or even months and then reappear
as the growth spreads and mnvolves the moving parts of the larynx
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In Britamn in the early years of this century the operation of
thyrotomy or laryngofissure was accepted quite readily In America
1t was more slowly accepted, while 1n Scandinavia 1t made little or no
progress  The reason for this 1s fairly plain  There 15 no doubt that
Sir St Clair Thomson, who 1n the days before the war was accepted
as the doyen of laryngology 1n this country by his outstanding shill
and personality raised the treatment of cancer to a new level of success
and ensured acceptance of his ideas  Sir St Clair Thomson and his
associate and colleague Mr Lionel Colledge were the pioncers of
modern laryngeal surgery in this country

Radiation treatment of cancer of the larynx did not show any
progress unti] Coutard 1n 1921 developed the method of fractionated
treatment which 1s essentially the modern treatment of cancer by
N rays

Shortly afterwards Ledoux and following mm Harmer developed
the techmique of fenestration of the thyroid cartilage in which by
window resection radium needles were inserted close to the laryngeal
mucous membrane and thus radiation of the tumour was obtained

Radration treatment at first had a poor record comparatrely for
surgery had a long start and 1ts success was already established but
recently radiation treatment of cancer has made such progress that
1t 1s now bemng maintained 1n many quarters that treatment by radiation
15 superior to treatment by surgery One thing which must be
remembered 15 that radiation while not 1n 1ts infancy, 1s still n a state
of development

This has been taken to mean by some that surgery has run its
course and 1s now outmoded but 1t seems that any prophecy along
these lines 1s foolish for only a few years ago 1t would not have been
thought that the introduction of antibiotics would have rendered the
after treatment of laryngectomy comparatvely simple and robbed
that operation of virtually all its dangers

Who can say what the future will hold or 1n what way laryngeal
surgery can make use of general advances in medicine and therapeutics ?

INCIDENCF
The medence of cancer of the larynx as a disease 1s not the subject
of the discussion at the moment but 1t cannot be said to be a2 common
disease The fact that leading authorities in this and other countries
can muster only a very few hundred cases shows that it cannot be
classed among the d It 1s pred ntly a disease
of males

CLASSIFICATION

It might have been thought that a classification of a disease such
as this 15 comparatively sumple It 15 only however when one attempts
to make comparisons between the results of various forms of treatment
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PATHOLOGY

The nature of the tumour has been determmed in every case in
this series A very few cases had unusual forms of growth which have
been excluded from this study and therefore in all those cases which
are described 1n detail squamous epithelioma was confirmed

Considerable use has been made of pathological classification as
an indication for treatment by one method or the other Broders
classification was considered to be of considerable importance but
apart from a broad imdication 1t 1s not relied upon to determine
treatment It has been found difficult to distinguish between Broder s
classification Nos 2 and 3 for 1t has become evident that tissue taken
from different portions of a tumour may show different histological
charactenstics

It has been the custom therefore to drvide the tumours mto three
groups the highly differentiated the moderately differentiated and
the undifferentrated  Further 1t has been shown by more than one
warker that differentiation and curability are not antagomstic ' While
1t 15 possible therapeutically to elmmate a Broder s class 4 type of
tumour with rapidity, experience has shown that permanent cure
either by surgery or by radsation is extremely unlikely and the results
in these classes of tumour have becn poor

The meaning, therefore, of pathology from the pont of view of
treatment 1s that in the highly differentiated tumours and those that
are not undifferentiated the possibility of cure 1s very much greater
than 1n the less differentiated whether surgery or radiation 1s decided
upon  There 15 one qualification to this in that where metastases are
shown to be of highly differentiated type surgery rather than radiation
1s indicated

TREATMENT

In mtrinsic cancer we have available surgery or radiatton in its
vartous forms Surgery may consist of larvngofissure or of laryn
gectomy In radiation there 1s available radiotherapy teleradium or
the local insertton of radium by the Finzi Harmer techmque

The laryngofissure operation 1s 1n most cases a simple procedure
1ts mortality 1s practically il and the interference with function 1s
comparatively small The operation consists of splitting the larynx
in the mudline and thereafter the resectton of the affected vocal cord
and 1ts underlying cartilage and obviously such treatment 1 only
available for those cases m which 1t 1s possible to resect the tumour
completely with a safe area of normal tissue surrounding 1t It can
be applied however not only to those cases of limited cancer 1n the
mddle of the vocal cord but it can be used 1 those cases m which
the cancer has crossed the mudline by what 15 known as the mudhne
technique suggested by Jachson i which the cartilage only 15 spht
tn the first mstance and the soft tissues contarming the tumour are
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Where attention has been drawn to the larynx and when cancer
easts m or around the larynx the diagnosts 15 comparatively easy
to those with the necessary shill The important point 1s that the
person making the diagnosis should realse the responsibility of
a negative finding  That 1s to say, while 1t 1s perfectly simple for the
comparatively inexperienced to diagnose a cancer which 1s well
established 1t 1s after all in the earliest stages that 1t 15 necessary to
make our diagnosis because in the earliest stages there 15 the best
chance of making a cure Should therefore such a growth be present
it 15 possible that those unaccustomed to examumng the larynx
constantly may miss the earliest stage of the disease and deprive the
patient of his best chance of survival

Therefore if the person examining the pattent 1s not completely
certain that every portion of the larynx has been seen clearly and i
a good light that patient should not be dismissed with a negative
diagnosts  And further, where a clear conclusion has not been reached
the patient should be warned that further examination will be required
within a very few weeks No patient should be dismussed without
the instructton that should the symptoms contmue for another three
or four weeks further examination must be carried out

The appearances of the established carcinoma of the larynx are
well known  The shightly reddened rough excrescence tvpically at
the junction of the anterior and middle thirds of the vocal cord are
farmliar, but 1t 1s where the appearances are not typical that the
difficulties 1n diagnosis may arise

Where any deviation from the normal i the appearance of the
vocal cords or any part of the larynx exists the routine which 1s general
1n all abnormalities of the mucous membrane of the upper respiratory
passages must be followed 1n that the blood Wassermann reaction
X ray of the chest and a biopsy are carried out  From the information
yielded by these examunations a diagnosis can be made in most
nstances

It 1s possible however that even after these precautions have been
taken the diagnosis may not be certan  Occastonally where epithelal
overgrowth occurs such as m a pachydermia of the larynx or the
condition known as keratosis the appearances may be uncertain
Continued observation 1s requred in these cases because further
exammation may show the breaking down of the tissue and tl’{e
aberrent growth typical of carcinoma

From observation of many of these cases over prolonged periods
st 1s recommended that a hmited keratosis of the larynx should be
removed end lly if suffi ly small If too large for this
condition then laryngofissure or thyrotomy 1s justified  If the conditron
and becomes generalised mn the larynx the probability 1s that
dition will become malignant and if it does so there 1s no

spreads
that con
alternative to laryngectomy
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anterror commussute  mobility also should be ummpawred This
type of case 1s called the himited chordal cancer
Where there 1s anterior commussure involvement subglottic involve
ment or vocal process involvement the prospect of surgical success
15 considerably modified
All cases reported must satisfy the five year criterion n that they
are alive and free of cancer for five years followmng operation
TABLE I
Total number of cases seen 175
Total number of cases Intrinsic 81
Total number of cases extnnsic [-X3
Treated by surgery 32
Treated by radiation therapy 103
Treated by surgery and radiation (fenestratton) 12
Unfit for any treatment or given palltatrve treatment
only

175

One of the chief criticisms against surgical reports 15 that they are
of selected groups of cases that only the less hikely cases for treatment
are handed over to radiotherapy and that therefore all cases are
not included and a true picture 1s not obtamned

TABLE 11

Period 1933 1942
Number of cases 40
Intrinsic .
‘Extnnsic
> year survival 4 (10 per cent)
Radwum tmplantation 7
, year survival 2 (28 per cent)
Tatzl number for this pertod 47
General survival rate 13 per cent

It 15 possible here to make a farr comparison between surgery
and radiation for between the vears 1933 and 1942 no surgery whatever
was carried out upon the larynx for the cure of cancer All cases m
this period were handed over for radiation treatment The only
operations performed were done for the msertion of radium needles
by Finzi Harmer technique This occurred on seven occasions during
this period

Durmng this period the five year sunvival rate for radiotherapy mn
all cases 15 10 per cent and one must admut at once that this 1s probably
not a farr estimate because 7 cases probably very well swited to
radiation were extracted for the purpose of Finzi Harmer treatment
If however these are mcluded with the radiation cases which

they should be the percentage of five year survmval 15 13 per cent
(Table IT)
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resected in one block with a sufficient margin of healthy tissue which
includes the anterior part of the other vocal cord

RADIUM FENESTRATION QPERATION

This operation, known as the Finz1 Harmer operation, consists of
the insertion of a palisade of radium needles agarnst the cancer bearing
portion of the mucous membrane of the larynx  They are inserted
through a window cut mn the thyroid cartitage The disadvantage of
this form of treatment 1s that dosage of radiation 1s extremely difficult
to caleulate with any accuracy Secondly the dose 15 fixed and once
the radum needles are inserted there 15 no possibility of modifying
the treatment  On the other hand there 15 no doubt that the functional
result 15 excellent and the general disturbance of the patient 1s probably
less than with any other form of treatment ‘Treatment in the hands
of some by this method has been good

TREATMENT OF EXTRINSIC CANCER

Extrinsic cancer of the larynx mav be treated either bv surgery
or radiation  Surgically speaking laryngectomy 1s the only operation
which 1s of value except mn certamn very localised conditions for
nstance w here cancer has attacked the epiglottis, epiglottidectomy may
be successful 1n curing the disease On the other hand where the
cancer has progressed beyond the larynx, laryngo pharyngectonty
sometimes offers a chance of survival but the survival rate of this
particular form of treatment 1s so low that 1t 15 probable that radiation
will do as much if not more than surgery and with a great deal less
suffering to the patient

Where the cancer has progressed beyond the larynx to the gland
dramnage areas and produced metastatic deposits the condition may
be treated either by surgery or with radiation In the past reliance
has been placed chiefly upon radiation in this particular condition but
a study of the results of others has induced the opinion that surgery
by block dissection 1s the correct method of treatment and will gne
better results where a possibility of cure exists than radiation

RESULTS OF TREATMENT

A sertes of 175 cases of squamous epithelioma of the larynx which
have been seen in the Unit under one authors charge mn the Roval
Infirmary Edmburgh have been analysed In this series trinsic
and extrinsic cancer are farrly evenly drided and a general classifica
tion of these cases 1s given (Table I)

In considering results in mtrmsic cancer 1t 1s first necessary to
give a further classification of intrinsic cancer from the poimnt of view
of surgery The 1deal case for surgical treatment 1s that 1 which the
cancer 15 himited to the free edge of the vacal cord itself 1n which

1t does not touch the vocal process and does not extend into the
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FENESTRATION OF THE LARYMX

The operation of fenestration of the laryngeal cartilage by the
Finz Harmer technique has been carried out on twelve occastons
The results are shown 1 Table VI  Although at first sight the figures
are not impressite 1t 1s noteworthy that while the first 7 cases of the

TABLE VI
Finzs Harmer Operations
Total cases 12 Five year survival 7==,8 3 per cent

12 were comparatively unsatisfactory the last 5 cases represent very
much improved results The last 5 cases m fact have all survived
the critical five year period It 1s probable with such a small number
that comcidence has played a large part in the production of this
result but the surgeon naturally can be excused for wishing to think
that increased ability mn the selection of cases and ncrease tn shill
in the performance of the operation have had some part in the production
of this recovery rate of 100 per cent

The results recorded by others are shown as a comparative table
compiled from some of the most recent and up to-date results in
hmted chordal cancer of the larynx as recorded in the literature
There 15 no doubt that one of the outstanding surgical series has
been produced by Gordon “ew and his co workers 1n the Mayo Clmic
when they can record over 93 per cent of success m a sertes of cases
of cancer of the vocal cord  Adruttedly this sertes 1s a highly selected
one they are cases which must be considered as absolutely ideal for
the treatment of cancer but that any recogmused form of cancer can
be considered as over go per cent curable 1s 1 1tself a remarhable
achtevement It 1s only very recently that radiation has produced
results approaching this (Table VII)

TABLE VII
Surgery Radiaton
Hayes Martin - 9y percent Baclesse 1951 9O percent
ew 1947 917 Neilson 1951 8
Tucker 1958 86 Hams 1951 87
Jackson 1938 81 Lenz 1937 %o
Colledge 1945 85 Lederman 1952 83

Up till the last eighteen months results of radiation treatment
fell considerably below the published figures of surgery particularly
m this country but attention 15 drawn to the figures produced by
Lederman of the National Throat Nose and Ear Hospital and the
Royal Cancer Hospital who using teleradium has given a most
encouraging report of this particular form of treatment Although
his results do not yet equal the best figures obtained by surgery at
least they seem to be a considerable adsance upon anything else so
far published here

[s]
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Within the next five years up to 1947 surgery was agamn brought
wto use, and over this period 1including those cases which were
submutted to radiation treatment with the mtention of obtaiming cure
the survival rate was 35 1 per cent Again 1t must be emphasised
that at this period radiation was far from the developed science which
1t 35 to day, while surgery was probably 1n a more advanced condition
and therefore the picture 1s biased towards surgery and comparison
1s unfair

A detailed analysis of the results of laryngofissure 1s shown
Tables III and IV  Experience 1s hinuted to 25 cases of laryngo

TABLE III
Laryngofissure operations 24
Over 5 years Alwe and well Percentage
15 12 75

fissure and the general survival rate1s 75 per cent  the number available
for five year analysis 1s 15 For himuted chordal cancer nine out of
ten survive the five year test

TABLE 1V
Distributson of Growth
Site 5 year survnal
Limited chordal 10 9
Antenior commisure 3 "
Vocal process i 1
Antenor commisure and vocal process T o

The results of radiation treatment 1 cases of intrinsic cancer of
the larynx are given 1n Table VA total of 42 cases was submutted

TABLE V
Radiation Treatment

Intninsic cancer 42

Radiotherapy 24

Finz: Harmer 12

Mass Unit 6
Five year survival 34 2 per cent
Limited chordal cancer 12
Fuve year survival 66 per cent

to radiation and the survival rate 1s 34 2 per cent In considering
these results 1t 1s important to remember that the alternative surgical
treatment 1n many Instances was laryngectomy These results
therefore cannot be dered 1 a p ve sense with those
shown 1n Tables III and IV which were selected as suitable for
conservative surgery Amongst these cases however ts a group of 1z
which come under the heading of Iimated chordal cancer and amongst
these the five year survival rate ts 66 per cent
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Only a short time before the war one of the leading Continental
authorities declared that he now did not attempt to obtain primary
closure of the pharynx  The introduction of antibiotics has revolu
tionised treatment mn this operation for now 1t 1s expected m the
vast majority of cases that primary healing 1s obtained and that
there 1s no leahage and no fistula formation m the nech

There 15 a variety of methods by which the operation 1s carried out
A straight mudline incision 1s used for the techmque known as the
narrow field operation There are also the wide H shaped incision
and the long U flap of Sorensen Each has 1ts use but the midhne
or narrow field techmique is steadily gaming popularity from the
laryngologst s point of view

The wide technique which 1s sometimes used in America on the
Continent and 1n this country has the advantage that should complete
dissection of the glands of the neck be desired at the same time 1t
permuts of such wide excision  Whether this treatment can be judged
appropriate where there are already metastanc deposits present in
the glands of the neck 1s open to question  Some prefer to rely upon
radiotherapy because the results of laryngectomy and gland excision
where metastatic deposits have already occurred are extremely poor
and the patient s chances of survival are very slender by any method
of treatment

The U incision was designed to gne added support to the weahness
which was inevitably caused by the removal of the pre tracheal muscles
and 1t has been criticised as bemng the least well supplied flap as regards
blood and therefore more liable to necrosis than any other It has
been said that where previous radiation has taken place 1t ought not
to be employed  Curiously enough 1t 1s just 1n that particular situation
the writer has found 1t of the greatest use In laryngectomy after
radiation 1t 1s difficult sometimes to be perfectly certam just how
wide the excision of pharyngeal wall must be even of part of the
asophagus and this particular form of mncision allows the greatest
latitude and covers the largest number of possibihities where the
exciston may have to be extended By a modification of the usual
technique trouble from lack of viability 1n this flap has been avoided
The flap 1s raised completely ten days or so prior to the laryngectomy
and then stitched back into place so that when the mam operation 15
carried out the flap has already established 1ts collateral blood supph
and there 15 no difficulty ansing from the iterruption of the normal
flow It has the further advantage that where there 1s marked fibro 1s
mn the ussues of the neck following radiation 1t can be dealt with in
a vade field  In addition there 1s nothing to prevent the narrow field
techmque beng undertaken after the flap 1s raised and in some ways
the advantages of both a wide exposure and a narrow field technique
are obtaned

‘The midline method was suggested first of all by Crowe and 1n 1t

the pre tracheal muscles are removed only 1n part The sternohyoid
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It 1s the custom in many articles, particularly on the results of
radiotherapy, to declare that while the results of surgery are good
1s good results or better can be obtained by radiotherapy while the
function obtained after radiotherapy ss very much better than that
after surgery  Thus seems to be an overstatement for results of treatment
must be judged by those which are obtained on the average, and while
radiation therapy results are outstanding i a few mstances they have
not yet reached the generally high percentage of success which s
obtained by surgical means The necessity of the precervaton of
function has been exaggerated, for a shght superority 1n funetion 15
+ high price to pay for say a 10 per cent smaller chance of survival

Although 1t may be said that subsequent laryngectomy alwavs
gwes a second chance the surgeon has one good chance only of
curing cancer and that 1s 1n his first selection of a suitable form of
treatment  Should the question of function be that of absolute economic
importance then the 1ssue must be put plamnly to the patient and his
must be the decision to forego the best form of treatment n favour
of another which will give lmm the greater chance of continuing to
carn a living

EXTRINSIC CANCER OF THE LARYNX

Seventy eight cases of extrinsic disease have come under my
observation  Treatment in this group consisted of X rav therapy
or palhiative surgery with the possible exception of one case of
epsthelioma of the epiglotis in which radical excision was possible

Laryngectomy was undertaken 1 one or two cases of subglottic
extension after radiotherapy but without great hopes ot cure

The results of treatment i this group of cases are uniformly
depressing  Only $4 cases were considered fikelv to benefit from
treatment and of these two have survned five years

Of those treated with palhative surgery none survned one year

In spite of this there 15 no doubt that in the majonty of cases
treatment gave a valuable prolongation of hife and reduced suffering
This renders 1t well worth while continuing this form of treatment

LARYNGECTOMY

Laryngectomy 15 practically speaking the only surgical operanon
which 15 available 1n the majority of cases for extrinsic cancer It
must be farly obvious therefore that it must take second place 1n
general to radiotherapy The operation ot laryngectomy was first
carmed out 1 Edinburgh by Patrick Heron Warson but the credat 1s
comewhat les ened when one learns that the operation was proved
1o have been carried out for syphilts rather than for cancer

The operative mortality for laryngectomv for many years was
tugh, owing o the mncidence of sepsis and lung complications  One
of the chief disadvantages was the breal ing down ot the pharyngeal
wound and the formation of a pharyngostome
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speech and for those there are other methods such as the use of an
artificial larynx which at least enables them to form words and make
themselves understood

There 15 no doubt that loss of one of the most important functions
1s a serious blow to 2 pattent but these advances do a great deal to
render the loss tolerable

The surinal rates of extrinsic cancer make sorry reading and the
chief hope of improvement 1s 1n finding these cases at an earlier stage
How far that 1s possible is not clear for the earliest signs of cancer
of the external portions of the larynx are so mashed and so equrocal
that 1t 1s comparatnely rarely a diagnosis 1s made m time for curative
treatment  All that can be done at present 1s to study and mprove
the methods of treatment but 1t 1s probable that in radiotherapy the
greatest advances 1n treatment of extrinsic cancer will be made

The wnters wich to pomnt out that in many mstances i the work described
¢ thewr part has been that of diagnos:s only and the credit for the success of treatment
1s due to the care and skill of the staff of the Radiotherapeutic Department m the
Edmburgh Royal Infirmary under the charge of Professor Robert McWhirter
To the devotion and shill of the Nursing Staff of the Otolaryngological Department
many of the patients owe their lives and the surgeon s burdens have been immeasurably
lightened by their constant help and co-operatior  All the operations referred to
have been carned out by the wniters with the exception of one by the late Dr G Ewart
Martm and three by Dr A Brownle Smith
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muscles are used 1 a muscle overlap n order to strengthen the midline
«nd 1n stitching the second laver of sutures of the pharyngeal wall 2
bite of muscle 15 included in each suture with the result that the
pharyngeal opeming 1s welded closelv to the muscular sheath and the
other muscle 15 overlapped on the tap giving a solidity and a support
which in the majonty of cases secures primary union
A further advantage i carrving out this technique 15 that the
tmd portion of the hyord bone can be resected in the course of the
operation  Although this 15 not strictly necessary 1t has the added
advantage of enabling wide retraction of the sterno hyoid muscle
and also gwves added facility and access i the accurate stitchimng ot
the pharyngeal wall
In all cases therefore where the cancer has extended beyond the
hiats which have been defined for the laryngofissure operation, this
operation 1s the method of treatment chiefly employed where surgery
15 decided upon
As far as the majonity of these cases of extrinsic cancer are con
cerned radiotherapy should 1n the mamn be the first choice  This does
not mean that radiatherapy s to be given the chance of salvage
treatment only but sifice 1t depends not so much upon the location
of the growth as upon its state of development, radiotherapy will
stand as good & chance or better of gning good results without the
mutilating gperation which surgery would mnvolve  This 1s an aspect
of the subject 1 which further mnformation 1s required and 1t 1s difficult
for tne surgeon to see sufficient cases on which to form a hard opmion
Impressions may be erroneous and further evidence 1s needed from
the work of many to enable accurate conclusions to be drawn
The after treatment ot these cases does not require much comment
Feeding by nasal tube 1s required for approxumately twelve to fourteen
days The ninth and the tenth are the crucial days m which fistulz
. will make their appearance if they are going to form
No account of the operation of laryng 1y would be T
without some reference to the loss of the chuef function of the larvny,
for the deprivation of voice mav cause profound psvrhological disturb
ance 1 some patients and they have to be prepared for 1t with care
There 15 no doubt that the development of cesophageal speech
has done a great deal to relieve the operation of some of its terrors
for the patient and such use can be made of this that patients can
continue to earn a hving in occupations which demand talkang as
part of the job  Intell and deters are of prime importance
and we have found that example 15 one of the most effective method
of teachung  For a panent waiting to have suech an operation to be
wsited by another patient who has been through 1t and to find that
they can be cheerful and can carry on a conversation ts most heartening
and a sure method of bringing the patient to the operating theatre

1n the proper frame of mind
Nof all patients however succeed 1n learning to use cesophageal

1




THE FFFFCTS OF ENVIROVMENTAL HFAT 1y

1 this country m the early 19205 although there was a long delay
before the lessons learned there were applied to hot climates

Attempts to obtain e 1n the und ding of the effects of
environmental heat from the medical Iiterature are handicapped by an
nadequate terminology 1n which some of the names used appear to be
freely interchangeable among different syndromes This lack of a
standard terminology 1s probably one of the factors which have per
petuated confusion  Since the various physical components of the
environment can be accurately measured and a great deal 1s known
about the physiological responses of the body to heat 1t ought to be
possible to deduce what the effects will be when physiological limuts
are overstepped In no group of diseases should apphed physiology
be of greater value 1n forecasting and interpreting pathology and in
treatment

My object 15 to show that there 1s a close relationship between
chmatology apphlied physiology and pathology and on this basis to
present a classification and termunology of the various heat effects
syndromes These are not necessanly defimtive since there are still
gaps mn our knowledge of the subject but 1t 1s hoped that they will
help to clarify the present confusing situatton It will be possible to
refer here only very briefly to the cliical features of the different
syndromes and only indirecthy to theiwr treatment More profitable
will be emphasss on the physical physiological and climatic principles
nvolved

PHysicaL ASPECTS OF HEAT REGULATION OF THE Bopy

The human body 15 homoiothermic but it 1s capable of functioning
over a constderable range of temperature although brain cells cannot
survive long when the blood temperature 1s much above 106 F
(41 C) The optimum temperature of approxmmately 68 F (368 C)
15 maintained by a balance being struck between heat gain  and

heat loss

Heat production 1n the body s the result of chemical reactions
and 1t 1s considerably increased by physical exertion and 1n fever
‘When the environment 1s hotter than the body heat 15 transferred to the
latter by the physical processes of radiation and convection The
degree of effort required to dissip the bined bolic and
exogenous heat (heat gain) in order to mamtamn thermal equilibrium
18 known as keat stress (heat strain heat load) Heat loss from the body
can take place by means of radiation convectron and evaporation
conduction plays almost no part except in the transfer between the
deeper tissues and the skin  The rate of exchange of heat by radiatron
and convection depends on the difference in temperature between the
body and its environment being less as the two are approximated
Heat transfer 15 of course modified by clothing

For all practical purposes the skin radzates as a perfect blach body




THE EFFECTS OF ENVIRONMENTAL HEAT

By G O HORNE, PAD FRCPE
Fron the General Infirmary Leeds

INTRODUCTION

THERF 15 a great deal of misunderstanding about the effects of environ
mental heat on the human body @nd gnorance and confusion have
undoubtedly contributed to the large number of heat casualties that
have occurred especially dusing the tvo world v ars It 1s still some
tumes necessary for peaple to be exposed to the hazards of ens ronmental
heat and casualties are known to be still occurring and sometimes
unnecessartly It must be admutted, of course that even  hen all the
problems concerned are tharoughly understood heat casualties may not
always be preventable especially under active mulitary servace conditions
when the ‘exigencies ot the sifuation  may be outwith the control of
medical science  Nevertheless the occurrence of some syndromes 1s
now as ble as 15 the g of any of them when they
do occur

Only when military personnel are on active seruice can large numbers
of heat effects syndromes be studied in the field, and the circumstances
m which they occur are rarely favourable for research  Lattle interest
was shown between the wars on the effects of neat and experimental
smve tigations were undertaken too late n the second war to reap much
renard A certain amount of enthusiasm for the subject has persisted
since the end of the last « ar and immportant contrtbutions have recenth
been made by various imvestigation uruts sponsored by the Medieal
Research Council and the Royal Navy and by phystological teams
m America

Heat effects syndromes are usually associated in the mind with the
hot climates of the tropies and subtropics and with heatwaves in
temperate climates but they are also encountered n other naturally
occurring  hot environments such as deep mmes and m artificialiv
pmduccd hot environments such as steel mills and boiler rooms  Indeed
some of the pioneer worh on the effects of heat was done in deep munes

Read ~gth O-tober 1953
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The principal factor influencing heat exchange by radiation 1s the
temperature of the surrounding objects relative to the shin but the
humudity of the air interferes with the transfer of radiant energy
Radsation occurs from approximately 85 per cent of the surface of the
body and so posture may be an important factor m heat regulation
when radiation temperatures are high  Heat transfer by contection
vanes with the temperature of the arr but does not vary much with its
bumdity  1t1s considerably enhanced by air movement up to a velocty
of about 70 mules per hour

If the environment 15 cooler than the body metabolic heat can be
dissipated by radiation and convection but at higher temperatures
eraporation s essential 1f thermal equilibrium 15 to be mantamed
The loss of heat by esaporation from the lungs 1s relatnely so small
as to be ummportant A small amount of heat ts continuously bemng
lost from the skin as a result of evaporation of insensible perspiration
(the flurd that reaches the surface by diffuston through the epidermis)
but when the air temperature reaches about 84° F (29° C) the hghtly
clothed body even at rest requires the secretion and evaporation of sweat
in order to maintan thermal equlibrium

The preater the heat stress the more sweat for evaporation s required
but sweat that drops off the shin gives no contribution to heat loss
The rate of evaporation of water vames imversely with the relative
humdity of the air and can be greatly augmented by increasing air
movement Sweating alse has the effect of allowing more heat to be
lost to the air without increase of surface temperature since the relative
humidity of the skin vartes closelv with its thermal conductivity
Sweat contans approvimately 0 2 to o 3 per cent of salt

The regulation of heat balance 15 probably controlled mamly by
centres m the hypothalmus which operate through the autonomic
system  The principal mechamcal factors concerned are the distn
bution of the blood the circulation rate and the blood volume and when
these are madequate for heat loss sweating These factors are dis
cussed Jater

The dry bulb temperature by 1itself 1s an 1nadequate evpression of
heat stress imposed by the environment i view of the importance m
bodv temperature regulation of the humidity of the ar and air move
ment  More informative 1s the effective temperature which takes into
account both of these other factors An even more accurate mdex
1s the corrected effective temperature which also considers the radiation

temperature  The estimation and calculation of these expresstons 1s
relatively simple (Fig 1)

PHYSIOLOGICAL ADAPTATION TO HEAT

The body has a remarhable power of adapting itself to heat and thus
allowing existence and even healthy activity 1 hot environments
Many factors are concerned in thss process of adaptation
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CHART  SHOWING  8ASIC  SCALE OF  CORRECTED  EFFECTIVE

[or EFFecTivE] T wPERATURE

Fi¢ 1-—Chart showing normal scale of corrected effective (or effective) temperatures (for
persons wearing normal clothmg)

‘The nght hand vertical scale represents the wet bulb temperature The left hand

scale the globe or the ar according

to whether one 15 determuning the corrected effective temperature or the effe tive tem

perature
The sloping gnd consists of & senies of curves each of which 1s a scale of corrected

effective {or effective) temperature corresponding to the air veloaity shown at the lower
end of the curve Tines are drawn through pomts on the different curves representing
1dentical corvected effective (or effective) temperatures so that values for intermediate
a1e velocities can be accurately read —(From Environmental IVarmth and sts Measure

ment Bediord 1946 By permussion of HM S 0)
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of these temperatures but they do not necessarily mantamn them at a
normal level even when the body s functioming adequately There
appears 1o be an alteration n the thermostat setting and work may be
done hbetter when the rectal temperature 1s shghtly raised  Only when
the temp €15 derably raised do symp become pr

and danger ;immunent  The upper himt of sustained rectal temperature
compauble with sunival 1s probably about 106° F (41°C)

Respiratron —Pulmonary ventilation plays a relatrely small part
1 the maintenance of thermal equiltbnum though 1t is definitely
increased when the bods temperature 15 raised This hyperpneea
may cause alkalosis

Basal Vletabolism —There 1s no conclusne evidence that basal
metabolism 1s greatly altered in the process of adaptation to heat

TOLERANCE TO HEAT

Dramatic expermments i the past have illustrated the amazng
capaaty of the body to withstand great extremes of heat for short
periods of ime but these are of little other than historic importance
since they are very rarely necessary Nowhere on earth does the daily
maumum shade temperature average wmore than 120°F (488 C)
1n the hottest month of the vear Conditrons worse than this howeser
may occur in artificially hot environments such as the stoheholds of
ships and 1n deep mnes

The ltmit of human tolerance to heat 1n terms of environmental
temperature levels and time can be calculated on the theoretical con
sideration of hea exchange between the body and its enmvironment
Attempts have also been made to determine expenmentally himtting
environmental conditions for example for men uruformly dressed and
working at different rates  Other attempts have been made to define
the imit of tolerance by studyng the occurrence of heat casualties
1n retation to cimatic conditions  Many of these studies hasve 2 limuted
application 1n the field however because of important factors which
are sometimes neglected in the caleul Men work
~vithout casualties 1n environments which are beyond the theoretical
and expertmental himuts of tolerance and tice rersa heat casualties
sometimes occur well within these himuts  There seems to be little
doubt however that in practce the wet bulb temperature 1s the limting
factor which determnes the ability of man to maintain thermal balance
in hot surroundings  air moiement 1s also very mportant In other
words oné of the most important Imiting factors 1n the environment
1s the rate at which sweat can evaporate

Whilst 1t 15 therefore difficult to define the luymits of tolerance to
heat 1n terms of environmental conditions 1t 1s known that mduwrdual
tolerance to any particular environment can be considerably nereased
Ths ph 15 known as acel, 0 heat
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€ renlation —Whilst a certam amount of heat can be transferred
from the deeper tissues of the body to the surface by conduction the
main burden 13 borne by the crculatory system and sts adjustment
for the task 1s essentsal 1f thermal equilibrium 15 fo be mamtamed
It acts by mncreasing the blood flow through many parts of the body,
mcluding the skin and voluntary muscles {to assist with condushon
comvection and radution and to provide fluid for the sweat glands),
the Jungs (to provide adequate respiratory exchange) and the almen
tary tract {to assist m the transfer of fluid to the surface) The adjust
ment 15 made by an increase 1n the minute volume of the heart {similar
to the mcrease produced sn response to physical exertion), by sltera
tions mn the vasomo or mechamsms, and by an increase in the blood
volume  Physical work puts an addinonal stress on the circulattan
and even maintenance of the erect posture will mcrease the stress
because of the gravitational poohng of blood i the lower part of the
body On exposure to heat there must be a continuaj struggle between
cutaneous ‘asodilatation tn order to lose heat and vasoconstrichion to
avoud pochng

Water and Salt Balence —The water output of the body i 2 hot
environment depends principally on the amount of sweating required
to mamtawn thermal equiibrium  There 15 considerable mdisidual
vatiaton m sweating function but the rate of sweating, depends mamly
on shin temgerature and extremely igh rates (up to 3 or 4 hitres per
hour) can be achieved for short perirds  The sneating mechamsm
appears 10 be fauguable when cxtremely high rates are called for more
s0 in bumid thin m dev heat  There 1< great indmidual yanation
11 the chloride concentration of the sweat but high rates of sweating
always fead to hypochiorzma unless the salt loss 1s replaced (in desert
clumates men frequently lose as much as § or 10 litres of sweat ¢on
taming up to 20 g of salt n twenty four hours)

Thrst 1s the prncipal factor regulating water intake but 1t does
not necessarily reflect the state of hvdration of the subject Lven
expertenced and fully acchmatised men worlang m the heat neter
voluntarily drink as much water as thev lose in the sweat 1lthough the
deficit may be restored during periods of rest  There is no human
<ensation inalogous to thirst which indicates salt deficiency ond
sertous hypachlorzmia can oceur without the subsect bemng aware of 1t

Kraney Furetror —Dunng sweanng the hidner helps to mamtamn
water and salt balance by reducing the excretion of the ¢ substances
The volume of urine may be reduced to about 560 mi per dnv and
chloride may dissppear entirely from it although the speeihc gravity
rises on account of an increased concentration of other dissolied
substances

Body Tewperature —When the subject 15 exposed to wnereasng
environmental heat both the rectal and shin temperatures nse though at
different rates and to a greater extent when work 1s also done  The
<daptations alceady discussed are ulumately concerned in the control
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Hot Dry (Deserty Chunate —This 1s characterised by very high dry
bulb temperatures (up to about 120°F (48 8°C)) nd high solar
radation but low air hurmdity  There 1s a distinct seasonal variation
and several months of the year may be quite cold  There 1s also diurnal
\arration and even at the hottest time of the yeai 1t may be quite cool
overight  The shy 1s usually clear thus allowing free transfer of
radiant energy  Sudden and severe windstorms frequently occur
and may be loaded with dust or sand  The terram 1s characterised
by sparse vegetation sand and rocks affording httle protection from the
heat and increasing the effects of radiatton The Sahara Desert the
desert region of Arizona and Califorma and parts of Central Australin
the Middle East and Northern India are representative of this type of
chmate
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F1e 2—Tollustr te the principal differences between  Jungle and  desert chimates —
(F om Horne and Mole 1950) dp = dew pomt

(a) Jungl  Karachs 1946 (ongnal data)
(2) Desert  Shaiba 1943 { edrawn from Ladell ea/ 1944)

In a desert climate the stress tmposed on the body mn its attempt to
mamtan thermal equilibrium 15 directed to a great extent on the sweat
glands as well as on the arcutation  During the day the air temperature
15 constantly much higher than the body temperature and so heat
cannot be lost by means of convection and radiation both of which
processes will probably add heat to the body Hot winds may con
sderably increase the heat stress  Sweating alone must therefore
remove all metabolic as well as accumulated environmental heat
Overught however when the dry bulb temnperature may be well
below the body temperature heat will be lost without recourse to
sweating  The clear sky will allow considerable cooling by radiation
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ACCLIMATISATION TO HEAT

The abihity of the human body to function properly in a hot environ
ment depends primarily on its ability to adapt uts heat dissipating
mechamism  The limut of tolerance therefore dipends also on the
hmit of adaptability of the two principal factors concerned with this
mechamsm—the circulatory and sweating systems  This adaptability
1s not fully revealed at the mmtial exposure to heat, and the optimum
response 15 obtained only after prolonged exposure at levels below
the lmut of tolerance, or after repeated mterrupted exposures By
means of thi< process the body can exentually tolerate ensironments that
would be lethal in the 1 d state  The acel d subject
15 able to live 1n a hot environment 1n reasonable comfort and to work
1t with a mimmal disturbance of pulse rate blood pressure and body
temperature and with an optimal sweating rate  Acchmatisation 13
quite rapidly lost on withdrawal from a hot environment

Studies on acchmausation carried out m artificial hot environments
{such as labaratory hot rooms) have contributed a great deal to the
understanding of this phenomenon but they have a hrmted appl
<ation to actual hife 1in hot climates  One reason s that in a hot chmate
1t 15 essential that there should also be a psvchological adaptation not
only to the measurable features of the chmate but to all the other
mmeasurable aspects of the environment associated with the climate—
a process for which the word accustomusation  has been used  The
monotony ot the tropical chimate itself may be an important meteoro
logical factor 1o be rechoned with 1n tropical adaptation

Other adjustments also have been made even i shin refleses
for example the gooseflesh reflex has been ehated 1n indviduals long
acchimatised to tropical heat when they entered an air conditioned room
with an effective temperature of 70° F (21 1°C) which would be
quite 2 warm atmosphere for a temperate chimate  Even disinciination
for physical activity (not allowed for in experimental work) may be a
feature of acchmatisation to heat The often crincised lethargy of
natives of the tropics at least spares their heat dissipating mechantem
and may belp to account for the relatwely low incidence of heat casualties
compared with Europeans  There 15 one factor to which adaptation
may be well mgh impossible  adequate sleep so essential for general
well being and for the successful performance of work may be serv
difficult to obtain under certain chimatic conditioas

Types OF HOT ENVIRGAMENT

Men have to Ine and work 1n a large range of hot environments
both naturally occurring and artificsal and the exact nature of the
stress smposed an the body will depend partly on the type of environ
ment There are two contrasting types of hot chmate that can be
easly distinguished—the dry (or desert) and the humud (or jungle)

(Figs 2 and 3)
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Hot Dry (Desert) Chimate —This 1s characterised by very high dry
bulb temperatures (up to about 120°F (48 8°C)) and high solar
radiation but low air hurmdity  There 1s a distinct seasonal vaniation
and several months of the year may be quite cold  There 15 also drnal
vartation and even at the hottest time of the yeat 1t may be quite cool
overmight The sky 1s usually clear thus allowing free transfer of
radiant energy Sudden and severe windstorms frequently occur
and may be loaded with dust or sand The terran 1s characterised
by sparse vegetation sand and rocks affording little protection from the
heat and increasing the effects of radiation The Sahara Desert the
desert region of Arizona and Cahfornia and parts of Central Austraha
the Middle East and Northern India are representative of this type of
climate
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Fic 2 —To llustrate the pncipal d fferences between jungle and  desert climates —
(From Horne and Mole 1950) dp = dew pomt

(a) Jungle Ka achi 1046 {ongnal data)

(s) Desert Shaba 1943 ( edrawn from Ladell £a/ 1944)

In a desert chimate the stress imposed on the body in ts attempt to
‘mantam thermal equilibrium 1s directed to a great extent on the sweat
glands as well 2s on the circulation  During the day the air temperature
1s constantly much higher than the body temperature and so heat
cannot be lost by means of convection and radration both of which
processes will probably add heat to the body Hot winds may con
siderably increase the heat stress Sweating alone must therefore
remove all bolic as well as lated envir 1 heat
Overnight however when the dry bulb temperature may be well
below the body temperature heat will be lost without recourse to
sweating  The clear sky will allow considerable cooling by radiation
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and blankets may be required for comfort Even when sweating 1s
occurring at very high rates the shin will still feel dry since the low
humdity and high air movement allow the evaporation of sweat as
fast as 1t 15 secreted  This may Jead to the false wmpression that actwve
sweating 1s not occurring  Since even when sheltered from the sun
the body has heat transferred to 1t from the atmosphere suitable clothing
will reduce heat stress
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Fic 3 —To tllustrate the dirnal varation 1n different types of chmates (at the height of the
hot season) The vertical lines indicate mdmight
(o) Jungle Karachi 1947 (ongmal data)
(8) Desert  Hinadi 1930 (redrawn from Morton 193 )

Hot Humid (Jungle) Clhimate —This 1s characterised by relatively
low dry bulb temperatures (rarely above g0° F (32 2° C )) and low solar
radiation but igh ar humdity  In some areas there 1s a seasonal
varation and several months of the year may be quite cool and dry
but more characteristic 1s the constancy of the climate  Also there 1s
relatively Dittle dwurnal vanation espectally during the hotter part of
the year and the mght may be even more unpleasant than the day
Thus a feature of the climate 1s 1ts monotony The sky 1 often clouded
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and there are frequent heavy showers but these seldom give relief
the cooling effect being neutralised by the increased humidity Wind
selocities are usually low except for occasional storms and always
drop overnight The terrain 1s characterised by heavy vegetation
which senes to retain moisture and increase the humudity  Whilst
areas having this type of climate are less clear cut than those with
the desert type of climate coastal areas of India Malaya and
Afnica are typical

The stress unposed on the body 1n its attempt to mantain thermal
equilibrium 1s somewhat different 1n this type of climate  The transfer
of heat by radiation and convection may be away from the body and
50 sweating unnecessary at rest  shelter is often available as protection
when the heat transfer 1s the other way ~When evaporative cooling
1s required 1t 1s imuted by the high humudity of the arr and ar move
ment becomes an important factor mn allowing heat loss  The chmatic
conditions are sometimes such that because of the limted dwrnal
varation uminterrupted sweating even at rest may occur for weehs on
end The high hurudity and absence of wind under these circumstances
Jeaves the <kin continually wet and this may cause considerable
discomfort and even dwtress The false impresston may be gamed
that a great deal of salt and water are bemng Jost through sweating
although the loss 1s really much less than in the desert The mmmum
of clothing 1s ndicated for this type of chimate

In any one area of course the cltmate may not conform to either
of these extremes and a large range of varying conditions 1s encountered
Artificral hot environments can be similarly analvsed and may mmic
one or other of these types of chmate For example steel foundries
may have a very high dry bulb temperature and high radiation
temperature with a relatively low humidity  stokeholds of ships very
high dry and wet bulb temperatures

INFLUENCE OF ENVIRONMENT ON TYPE OF SYNDROME
PRODUCED

It1s now possible to predict the influence of the type of environment
on the ways 1 which a fatlure of the heat regulatory mechanism wall
show atself  Very high body temperatures and syndromes due to water
and salt deficiency will be likely to occur in desert climates with high
dry bulb temperatures and high sweating rates The unrelteved
sweating and continually wet skin 4 with humid ol will
produce different effects on the skin and sweat glands from the inter
muttent (though more profuse) sweating and continually dry shin
associated with desert chimates A shght degree of impairment of
sweating will be more likely to lead to symptoms 1n 2 desert chimate

while mnability to sweat at 2all mught even be compatible with life m a
Jungle climate
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Although all hot countries do not have one or other of these two
distinct types of climates and considerable mixtures occur there should
be 2 sumilar correlation betw een the pathological effects of en ironmentnl
heat and different parts of the world

FACTORS ENCOURAGING THE DEVELOPMENT OF HEAT
EFFECTS SYNDROMES

It should also be possible to predict the factors which will act as
additional hazards and increase the sk of heat casualties occurrmng
in hot environments Experience shows that these factors do act in
this way

(@) Lack of Acclimatisation —Subjects suddenly exposed to hot
environments without the opportunity of acquiring acclimatisation
will obviously be prone to succumb since the cardiovascular and
sweating systems cannot be expected to make the necessary adjustments
rapidly enough There have been many examples of this—for mnstance
the large number of heat casualtres reported among troops immediately
after disembarkation in the tropics and among the civilian population
1 America during sudden heat waves

(8) Limrted Adaptability of Important Systems —Older people
and especially those with cardiovascular disease are notoriously prone
to succumb to the effects of heat People with an rnadequate number of
sweat glands (as for example in the anhdrotic type of heredrtary
ectodermal defect) are unable to tolerate hot environments Those
who are unable to adapt the psyche to a hot environment and its
accompaniments will be ltkely to become psychologrcal casualties

(c) Additsonal Stress to the Heat Regulating Mechanism —Heat
casualties would be expected to be more hkely to occur when subjects
are exerting themselves especially if they are not physically fit if
they are unsuitably clothed for the heat or work without shade or in
badly ventilated premuses  Febrile conditions and dehydration (as
for example 1n malana and dysentery) are obviously additional
hazards that will lead to an earhier breakdown Excessive alcohol
smpairs the functioming of the vasomotor system and alcoholics are
well known to be prone to heatstroke Prolonged standing will also
put an extra strain on the vasomotor system and increase the risk of

syncope
HEeAT EFFECTS SYNDROMES

The principal climical features of the syndromes resulting from
exposure to ent ronmental heat are excessively high body temperature
exhaustion and collapse pamful muscle cramps and neurasthemc
symptoms The various syndromes will be very briefly discussed under
these four head anda ble ter logy proposed (Table I) This
termunology 1s based on names hallowed by tradition but modified in
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TABLF 1
A Termnology of Heat Effects Syndromes

Synd m i P palFeat e

Heat Hyperpyrexia Excessively high body temperature (atbt

ranly above 106 F (41 C))
Heat Stroke Ditto  with complete anhidros s and p ©
found chmeal d sturbances including
deltum or pa tial ar complete lo  of
consciousness

b
Fxererse \r haustion (without dehydration or anhi

drosis)
Heat Exhaustion { Dehydration  (Hypo
chloremic) Exhau tion  dehydration (may be cramps)

Anhidrotic Exhaustion  chromic anhidros:

Collapse (without dehvdrat on o

oremic,

Heat Collapse fbeh’d“‘"‘" (Hypo
Lavh e

Coliapse dehydration ohigaemia
Collapse chronic antudrosis

Heat Syncope Syncope
Heat Cramps Pamnful muscle cr mps  salt defictency

Tropical Neurasthema (T opical Fatigue
etc) Neurasthenic svmptoms

|
Other Syndromes Heat cedema sunbura prckly heat water deficiency
Seco d ryh  hyp moyr @ 0 daryh ttk wh th ispy walllnes addu t bt
s

TABLE 1f
A Classtfication of Heat Effects Syndromes by Etiology)

M Etol geal F 1 Cl cal Synd mes
) Exercx e precipitated heat exhaustion and
Circulatory deficiency { =P i
N Hea! syncope
Dehvdration  (bypochloremic) heat ex
Chlonde defic ency 1{ haustion and collapse
Heat cramps
! {Anhudrotic heat exhaustion nd collap e
Sweating deficiency Heat hyperpyresia
Heat stroke
Heat regulating centre deficency Heat stroke
Psychologrcal deficiency Trop cal ney asthen a etc

Other Syndromes  Heat ced ma unburn pn kly h at water defica ncy
T heat ¢t L th 1 mplet b fwt
thopomrycavs fth ydrm wh b '.h(xll

entr or wheth both types fca  occu

kow wh falf 1 d
STW b e o bet g ®
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Although all hot countries do not have one or other of these two
distinct types of chmates and considerable mixtures occur there should
be a simular correlation between the pathological effects of ent ironmental
heat and different parts of the world

FACTORS ENCOURAGING THE DEVELOPMENT OF HEAT
EFFECTS SYNDROMES

It should also be possible to predict the factors which will act as
additional hazards and increase the risk of heat casualties occurning
i hot environments Experience shows that these factors do act mn
this way

(@) Lack of Acclmatisation —Subjects suddenly exposed to hot
environments without the opportunity of acquiring acclhmatisation
will obviously be prone to succumb since the cardiovascular and
sweating systems cannot be expected to make the necessary adjustments
rapidly enough There have been many examples of this—for mstance
the large number of heat casualties reported among troops immediately
after disembarhation in the tropies and among the civilian population
1n America during sudden heat waves

(8) Limuted Adaptabiltty of Important Systems-—Older people
and especially those with cardiovascular disease are notoriously prone
to succumb to the effects of heat  People with an inadequate number of
sweat glands (as for example in the anhdrotic type of hereditary
ectodermal defect) are unable to tolerate hot environments Those
who are unable to adapt the psyche to a hot environment and its
accompamments will be likely to become psychological casualties

(6) Addstional Stress to the Heat Regulating Mechanism —Heat
casualties would be expected to be more hikely to occur when subjects
are exerting themselves especially if they are not physically fit 1f
they are unsuitably clothed for the heat or work without shade or 1n
badly ventilated premises Febrile conditions and debydration (as
for example n malaria and dysentery) ire obviously additional
hazards that will lead to an earlier breakdown Excessne alcohol
impairs the functiomng of the vasomotor system and alcoholics are
well known to be prone to heatstrohe  Prolonged standing will also
put an extra strain on the vasomotor system and mcrease the rish of

syncope
HeAT EFFECTS SYNDROMES

The prncipal chinical features of the syndromes resulting from
exposure to em jronmental heat are excessnvely gh body temperature
exhaustion and collapse painful muscle cramps and neurasthenc
symptoms The various syndromes will be very briefly discussed under
these four headings and a suttable terminology proposed (Table I) This
terrunology 1s based on names hallowed by tradition but modified m
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relatnely httle physical exertion or even spontancously The terms
anladrotic heat exhaustion and ankidrotic heat collapse are recom
mended for these now well recognised syndromes in which chromc
anhidross 15 a feature

The term keat syncote should be reserved for the classical syndrome
(sudden fanting lly after prolonged ding) well known
ordinary environments but obviously more prone to occur when there
1s the additional stram on the arculation imposed by the necessity for
the mantenance of thermal equilibrium 11 a hot environment  Syncope
may occur follow ing strenuous exertion mn the heat and especially when
the erect posture 15 assumed and mamtained after exertion  Whilst
such a syndrome mught be called exeraise precipitated heat collapse
an exact classification may be difficult and fortunately 1s relatively

portant since the t of syncopal syndromes 1s simular

Auscle Cramps —Pamnful spasms of voluntars muscles may
occur following muscular actinity in hot environments Therr exact
mechanism s unknown but they occur when there 15 salt defictency
and especially after flud has been replaced without salt  Cramps
may occur even without muscular activity when salt deficiency 1s severe
The term /at cramps 1s surtable for this syndrome provided that 1t 1s
borne 1n mind that cramps may coewst with other hypochlorzmc
syndromes

Neurasthenic Sympton s —Residence n the tropies mav have
profound psychological effects of a deleterious type <ometimes justi-
fying the title of a syndrome which has received vartous names such as
tropscal nenrasthemsa and tropical fatigue Morzle can compensate
only to a limuted extent for the physiological stresses of exposure to
heat and specific effects such as salt deficiency and 1nadequate sweating
must of course be ruled out before symptoms are labelled psycho
logical It 1s often difficult to determune to what extent the syndrome
1s attributable solelt to chmatic conditions

OTHER SY\DROMES

Heat Edema —This 1s the name usually applied to cedema of the
extrernities commonly experienced mn hot climates The alternatne
name deck ankles indicates that 1t commonly occurs on board ship
in transit to the tropics It 15 presumably attnbutable to alterations
1n the vasomotor system and rapidly clears up with acchmatisation

Sunburn (Erythema Solare) —Tlus 15 a direct result of exposure
to sunlight  Its importance 1n a hot climate 1s that 1t may contribute
to a breakdown of the thermoregulatory mechanism  firstly because
v control 1s p 1ly lost over the erythematous areas
and secondly because these areas do not sweat and mav remamn anht
drotic for several weeks

Prickly Heat —This well known condstion 1s of great importance
since 1 addition to the distress 1t sometimes causes 1t 1s followed by
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such a way as to indicate the @tiology and clineal features of the syn
dromes (Table II) It also has the advantage that from it the appro
priate treatment can be deduced

Excessrvdy High Body Temperature —The term  hyperpyresa
15 usually employed arbitrarily when the body temperature rises above
106° F (41°C) When this 1s due solely to the effects of environmental
heat and there are no complicating features 1t 15 recommended that
the term /eat kyperpyrevia be used Heat stroke should be confined
to the classical syndrome—symbolised by the word stroke —in
which there are complete anhidrosis and profound clinical disturbances
including delinum or partial or plete loss of cor and m
which the body temperature 1s usually very ligh  These two syndromes
tend of course to merge into each other and the former 15 frequently
a forerunner of the latter

In a hot ehvironment these two syndromes may superivene on a
febrile illness and under these circy 1ces the terms dary
heat hyperpy rexia and secondary heat stroke should be used 1n order to
ndicate that there 1s an additional pathology  Because of the frequent
occurrence 1n tropacal cl of febrile 1l dafficult to d
1t may not always be possible to be certain whether disease has made
any contribution to the raised temperature

Exhaustion and Collapse —Some syndromes are characterssed
by a number of symptoms which together constitute the condition
called “ exhaustion  sometimes severe enough to lead to  collapse
in which there 1s at least partial loss of consciousness Exhaustion
and collapse also merge into each other and the former 1s frequently
a forerunner of the latter but they usually differ sufficiently to justify
the recogmtion of two types of syndromes keaz exkaustion and heat
collapse  Each of these two syndromes can be further qualified 1n such
a way as to indicate the principal mechamsm (actually the failure of a
mechamsm) concerned (Table II) although in some cases mixed
@tiologies may be present and 1t 1s not always possible to attribute
the syndrome entirely to one of them

The symptoms of exhaustion and collapse are due largely to inade
quate crrculation of the blood and can of course be precipitated 1n
healthy and even well acchmatised subjects as a result of phvsieal
exertiont 1n the heat The terms evercise precrpitated heat exhaustion
and evercise precipitated heat collapse are recommended for the
syndromes when they occur under these circumstances If there 15
salt defictency and dehydration exhaustion and collapse will obviously
be more easily precipitated by exertion and may even occur spon
taneously ~ Under these crcumstances the terms dekydration (or
2 hloramic) heat exh and dehyds (or hypochle
lxe;t collapse are recommended  Dehydrating diseases such as
entery may of course contribute to the syndrome as pyrevial
e to hyperpyrexia and heatstroke
hidrosts these symptoms may develop after

dys!
slinesses may contrzbut
Also 1f there 15 an
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approimately the same number of men were at sk 1 1045 there
were probably a few cases (the syndrome had not been recognised then)
This stnhing difference 1 1ncidence of the syndrome over the three
years can be correlated with cimatic differences  The summer of 1946
was very much more uncomfortable than either 1945 or 1947 although

TABLE III
Incrdence of Heat Lffects Syndromes in Jungle and Desert Climates

Type of chmate Juncre DesERT
Place ¥ rachi India Shaba Iraq
Source of data Personal chservations Ladell ez a?
(3944)
Year 1945 l 1936 1947 1943
Number of men at nsk (approximate) | at least o000 5000 not stated
6000
Heat st oke l o 3 o 12t
Heat hyperpyrewia (primaty) naknown ot o 128
Heat hyperpyremia (secondary to |
febnle 1tiness s) unknown afew o some but no
not stated
Chlonde deficrency (due to effects of
heat] o ) 45
Heat syncope and exetc1 e preapitated
Teat exhaustion and collapse unknown | 030 afew not stated
Anhiudrotic heat exhaustion and
collapse—
(a) complete anhidronis few af 38, z 5>
(8) sncomplete anh dro 1s any ° 2 {varieties not
distinguished
but probably
1ncomplete)
Prckly beat very very very | fanly common
common | common | common
but not and but not
sevre | severe | severe

Comled { om hospital ecord daoless ompl te and less rehabl thanth oth rew years.
4 Desembed ax byperpyrexis, b all N - cases b ¥ troh

1 aseofsnhid on b at xb wstio F dan altempeat ¢ [ o6 F (4 C)
§ D scntedss bod lnebyperpyr 13, with sn % tmpe W of 4
sembled fiyperpyr 1a cat - p anth actualh yhe [ b temperature and buen
pera

£ o Th y
Th enteno { byppyr aw  rectal temy T o7 Fisr6 CY

<)
meatal | fus o

the only measurable d nce was that the dry bulb tem
perature and the dew point were a few degrees hugher m 1946 (F1g 4)
In the outbreak of 1946 the geographical distnbution of the cases
n the area could also be correlated with small local differences 1n the
<climate of the same nature (Horne and Mole 1950) These observations
illustrate how relatively small vanations i chmatic conditions can
nfluence the incidence of heat effects syndromes
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varying degrees of reduction of sweating up to complete anhidrosis
In anhidrotic heat exhaustion and collapse there 1s nearly always a
history, and sometimes evidence of severe prickly heat

Water Deficiency —Uncomplicated water deficiency resulting from
heat stress 1s uncommon but may occur for example, m shipwreck
when survivors may be able to replace salt but not water

CORRELATION BETWEEN HEAT EFFECTS SYNDROMES
AND CLIMATE AND ENVIRONMENT

Various attempts have been made 1n the past to analyse the distr
bution of heat effects syndromes mn various parts of the world and to
correlate them with chimatic conditions and with artificial hot environ
ments Whilst 1t has been possible to draw several general conclusions
(such as the gross relation to waves of atmospheric heat, and the
great importance of the wet bulb temperature and air movement and
of Ining and working conditions) the results have been unrewarding
This 1s principally because of madequate data beng available and
because of the different terminologies in use
There appear to have been only two detailed surveys of all cases
of heat effects syndromes occurring mn any one place m one or more
hot seasons surtable for this type of analysis One 1s that made by
the Medical Research Counal team which visited Shaiba Iraq mn
1943 (Ladell Waterlow and Hudson 1944) and the other that made
by Dr R H Mole and myself at Karachi Pakistan in 1945 1946 and
1947 (Horne and Mole 19350) Both of these investigations were carried
out on Service personniel The difference in the climatic condrtions
between Karach: and Shaiba has already been referred to (Figs 2 and 3)
At Karacht even in the hottest part of the three summers the maximum
dry bulb temperature was never more than 95 F (35° C) except for a
few 1solated days in 1947 but there was a very high humdity  karachi,
therefore in spite of being on the edge of the Sind Desert had a humid
jungle type of chmate At Shaiba the chimate was of the dry
desert type with the dry bulb temperature during the summer
ranging from 110°F to 120°F (433 C to 488 C) and a Iow
humdity
Table III summarises all the cases of heat effects at Karachi in
1945 1946 and 1947 and at Shaba in 1943 (hosputal admissions)
At harach there was only one case of feat stroke in all three years and
no cases of Aeat Ay perpyrexia (i 1946 there were a few cases of hyper
pyrexia secondary to such illnesses as chickenpox as well as malaria)
‘At Shaiba there were 12 cases each of keat stroke and heat hyperpyrexia
At Karach: there were no cases of chloride deficzency due solely to
environmental heat  there were 45 cases at Shaiba

In 1946 there was an abrupt outbreak of ankidrotsc heat exkaustion
and collapse at harachi 58 cases nearly all of them occutring 1n the
last fortmght of June In 1047 there were only 4 cases although
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collapse come from humd areas where pnckly heat 15 also more
common and more severe  As would be expected, the syndromes of
cxercise precip d heat ext and collapse occur m both types
of environment and have been reported principally 1n groups of men
dong hard physical work such as soldiers in trating and muners
In very hot environments these syndromes mav be assocrated with
some degree of chloride deficiency Tropical neurasthema appears
to occur more commonly in hot humid climates which are usually of 2
monotonous character such as West Africa Malava and Bengal

Concrusion

By studying the wav 1n which the bodv responds to dufferent types
of heat stress 1t has been possible to clanfy the syndromes which result
when sts heat regulating mechanssm fails and it has been shown that
-even nunor vanauons 1n environment may lead to important differences
in the total and relative ;ncidence of these syndromes  The termunology
‘proposed has been based on phisiological and climeal p les and
xt 18 suppon:d by cxpcnence w the field The adupnon of such a

and ter y b though 1t may seem at first
sight 1s believed to be necessary 1f the causes of heat effects syndromes
are to be understood sf the occurrence of such syndromes 15 to be
prevented whenever possible and if the correct treatment 15 to be
apphed 1n the event of their unavordable occurrence

1 am 1ndebted to Dr R. H Mole with whom many of the onginal observations
and investigations were made and who has assisted me in the presentation of the
<lassification and terminology of the heat effects syndromes
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Since thr lecture was delivered a Commuttes has been formed at the request of
the Chmatic Physiology Commuttee of the Medical Research Council and the R gistrar
General to make recommendations for a new standard nomenclature for diseases
due to the effrets of environmental heat  The report of this Commuttee 15 not et
avaslable but 1t 1s probable that the nomenclature to be recommended will be similar
¢ that descnbed in ths lecture
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Al of these cases of anbudrotic heat exhaustion and collapse i 1646
were completely anhudrotic  two of the four 1 1947 were nat At
Shaba the majority of the 55 cases were probably not completely
anhdrotic  Chese observations substantiate the forecast made earher
1hat when there 1s a hugh dry bulb temperature reduction of sweating
short of complete anhidrosis may be associated with symptoms of
intolerance to heat

Lutle information 1s available about the incidence of keat syncope

and exercise precip; d heat exh and coll. since this type
of case recovers rapidly and rarely reached hospital At Karachi it
B
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F16 4 ~—Comparative metearological data for karacht 1946 and 1937 {ongnal data} —The
continuous hine m each cyse 15 1936 (From Home and Mole 1g,0)

15 known that there were 20 or 30 such cases in 1946 and a few only tn
1947 when the troops were less actve than n the previous year At
Karach prickly heat was always common and moderately severe but
its nadence and severity were greatest in 1946 (Horne 1932) At
Shatba 1t was common and probably fairly severe towards the end of
the summer

Interpretation of other published accounts shows roughly the
same distribution of heat effects syndromes  reports from hot dry
areas emphagise the importance of heat stroke and dehydration heat
exchaustion and collapse teports from humid areas do not  On the
other hand, the majonty of accounts of anhidrotic heat exhaustion and
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factual measurements are of great value Ideas of the quantity and
quality of colour vary a good deal from person to person  The difficulty
may be 1illustrated by the term ¢ bronzed diabetes for hemochroma-
tosts The composition of ancient bronze ranges from 67 to 95 per cent
of copper alloyed with tin zme lead or silver 1n varying proportions
The bronze of present day copper coinage contains 95 5 per cent
copper and the colour of a penny vanes with its age and use

Bronzed , as a term for the description of colour s therefore open
to a very wide interpretation Advanced cases of bronzed diabetes
may have a browmsh colour with a metallic quality due to deposits
of hzmosiderin and increase of melanin 1n the skin  Thus colour 15
more familiar as a local condition of hemosiderosis of the shins so
frequently seen i association with varicose vemns Many cases of
hamochromatosts do not have this brown colour A common descrip
tion 1n the literature 1s that they show a slatey or 2 leaden hue  Such
terms fall prey to a similar temptation to compare with a known
substance whose colour can be musinterpreted Leaden refers to
the dull dark surface of an old lead pipe and not to the bright silvery
metal and 1n hemochromatosts it 1s largely due to increased melamin
in the skin

The interpretation of colour m the skin 1s still further complicated
by the physical properties of ight For example the dark blue of a
tattoo 1s made by the lampblach of indian ink and the blue occupational
tattoo marks of a muner are caused by coal dust while the blue colour
of the veins 15 due to the dark red venous blood within them These
effects are due to the rearrangement of Iight as 1t passes through a
turbid medium  That quantity which 1s transmutted contains a greater
propertion of longer wavelengths (red) while the ight which 1s scattered
to the sides and back to the surface contains a correspondingly large
proportion of shorter wave lengths (blue)

Added to these difficulties it 15 estimated that 30 per cent of the
population have subnormal colour wvision! Clearly some physical
means of measuring the nature the quantity and the distribution of
pigments 1 the skin 15 a desirable objective The Hardy spectro
photometer has been used for this purpose  The reflection from the
shan of hight from a standard <ource 15 measured over the whole width
of the visible spectrum  The pigments present are identified by the
appearance of their charactersstic absorption bands and the quantity
of the substance present 1s proportional to the degree of absorption
of the light  Unfortunately the instrument 15 very costly and its use
15 time consumming and requires a high degree of technical knowledge
and shill The chinical interpretation of results 1s subject to certain
difficulties  The phenomenon of scatter already mentioned gnes a
false colour to pigment lying deeply and melantn 1n sufficient quantity
obscures the absorption bands of other pigments present The instru
ment tahes no account of the clinical features of the patient so that
similar results might be recorded for a normal person with a dark
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In the white races, especially, abnormal colour of the shin and of the
mucous membranes may be a valuable sign 1n the chnical diagnosts
of systemic disease It 15 proposed here first to consider a few general
ponts concerning normal and abnormal colour, and then to discuss
some forms of melamn pigmentation 1 relation to the biochermstry
of melanin formation Many of the known biochemrcal facts will
not be mentioned since they do not yet have any chmcal application

A difficult question which arises at once 1s “ What constitutes
abnormal pigmentation ? *  Considerable vartations 1 colour can be
appreciated by looking around at any gathering of normal people
There may be some with fair hair blue eyes and pink cheeks some
with black hair, brown eyes and dark shin and yet others with auburn
hair and a pale skin mottled with brown freckles These varations
and many others may all be accepted as normal  Sudden and extreme
varations 1n colour such as the ghastly pallor which precedes a fant
are umiversally appreciated as abnormal Changes of more gradual
onset may not be noticed by patients or by those in mtimate contact
with them Doctors are equipped by therr tramming and subsequent
practice 1n Visual observation to appreciate the abnormal  Consultants
may have an even greater advantage for they are unfamiliar with the
appearance of the patient and first impressions ar¢ often the most
valuable However an accurate impression depends upon 1nspection
1n a good light For instance 1t may be impossible to recognise even
considerable degrees of Jaundice in artificial Iight The complexion
of a pattent changes just as the colour of dress materials or of Lipstich
differs 1n electrse ighting or 1n daylight Background 1s also important
Light reflected from the gloss of a coloured wall may have a profound
effect on skin colour Unsuntable conditions for mtervien commonly
suppress or obscure abnormaliies of colour The :deal 1 provided
by mspection 1n sndirect sunlight agamst a light background with a
matt surface It 35 1 the familiar circumstances of the well it surgery
or ward that deviation from normal colour may best be appreciated
In the assessment there 1s a subtle mntegration of the appearance of
the shin with the physiognomy and with the colour and form of the
harr  Physical measurements of hzmoglobin and serum bilirubtn
give an accurate estumation of colour change in appropunate cases
but there are some conditions in which diag by chineal jud

cannot be replaced
For the purposes of description and of recording progress however

Read 3rd December 1953
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(2) Varations in blood flow through the superficial tessels will
alter the components due to heemoglobin
{3) (Edema of the skan will cause palior as in acute nephritis

It s proposed here only to der melamn
some of its abnormahties
The term melanin 1s derned from the Greeh melas black  Howeser
the name s applied to a group of widely distibuted natural substances
responsible for shades of blach brown buff and blue frequently seen
n plants and ammals  Mel o i physiological and patho
logieal condations n man 1s black or 1t is tan 1f st 13 present n the
reduced form  If the pigment hes deeply 1n the tissues 1t has 2 blue
colour as has already been discussed
Melanins hate a high molecular weight and therr formation
ordmantly depends upon the as aifable concentration of three substances
(1) A suttable phenolic substrate
(2} A phenol oxidase
(3) Molecular oxygen

pig and

For example shin melanm 1s formed from the substrate tyroswne
or dihydroxy phenylalaune {DOPA) by the action of the phenol
oudase tyrosmase which 15 a copper protesn comples  Pheynl-
alanime may be comerted mto tyrosine and both these aminc-acids
are absorbed from protein digest in the abmentary wact  Chart 1
indicates the basic steps by which tyrosine undergoes enzymic oxidation
and dehydrogenation and then an unknown degree of polymensation
The transformation 1nto 1 granules req m add a
physical substrate upon which deposition of pigment particles may
tahe place® Protewn usually provides this physical substrate

Melanin pigmentation hownever ocetns elsenwhere than the skin i
certamn rare pathological conditions  The site at which the pigment
1s deposited probably depeads both upon the type of melann produced
and upon the distribution of the suitable physical substrate For

i oct there 15 of the cartiiages the
tendons the hpaments and the sclere  The disease commonly com
pheates that rare heredstary disorder atkaptonuna  The phenohic
substrate 1s probably homogenusic acid

OH

QCH,COOH

N/
OH

Ochronosis may also result from chromie phenol posoning  due
n the recorded nstances to the prolonged apphcation of carbohic
dressings to varicose ulcers ¢ In such cases the substrate is phenol
The oxidase s presumably not tyrosinase for this enzyme 15 found



234 E B FRENCH

shin, a case of Addison’s disease or a sun bathing enthusiast at the
end of a good season  Like other anaillary methods of mvestigation
spectrophotometry can provide quantitative and qualitative measure
ments, which mav help to form the final chnical judgment Probably
1ts greatest value has been to elucidate the distribution and the com
posttion of the pigments which are responsible for skin colour i
normal and pathologcal conditions, and to confirm the results previously
obtaimed by histological methods
The normal colour of skin depends upon four components —

(1) Red due to oxyhzmoglobin

(2) Blue due to reduced hzmoglobin

(3) Yellow due to carotene

(4) Brown or black due to melanmn and to some extent to melanoid
Melanoid 1s distinguished from melamn only by some
absorption of light at the violet end of the spectrum It 1s
found 1n the stratum corneum and the quantity present runs
parallel with the amount of melanin present It 1s thought
to be a product of melanin, and as 1t has no obvious clncal
apphcation, no further reference to 1t will be made

The colour of the different races of manhind depends upon variations
in the quantity of melanin mn the skin  Red Indians are not a race
apart n this respect they derived therr name from a custom of
smearing their faces with ochre

Alterations 1n shin colour may depend upon a change m any one
of the four components or 1n several of them simultaneously  Altera
tions 1n colour may also result from other causes

(3) Abnormal compounds of hamoglobin e g methemoglobin,
Ipk lobin carboxyl lobin
(2) Yellow pigments such as bile mepacrine and various industrial
pOlSOnS
(3) Dark pigments such as silver, bismuth and other heavy metals
(4) Msscell ¥4 d with malara

e

porphyria methemalbuminzma

Any colours are liable to be modified by certain non specific factors
Firstly, there are the effects depending upon the phystcal properties
of light, which may alter some colours more than others These have
been mentioned under the discussion of the hghtng arrangements
and the depth of the pigment beneath the shin  Secondly there are
anatomical constderations

(1) Where the eptdermus 1s thich the skin looks yellower  This

shows at the greatest extreme over the heel though 1t 15
true that here also the carotene content 1s high Conversely
the thin skin of the lip 1s almost transparent so that the
colour of the underlying blood can be seen
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Another example of blackish pigmentation vath a speaific distnibu
rien s that which occurs 1 a proportion of persons taking mepacrine
as prophylaxss agamnst malaria ®  The nads of the hands and feet the
hard palate and occastonally the nose bacome brownish blach  The
natyre of this psgment 15 however uncertain but 1t may persist for
many months after the eessation of the treatment

MELANIN PIGMENTATION

Inkibstson Base Inerease
Reguirements
STARVATION Foop  Stamvamov
Prrracra
Scunvy

? Dericiency or Supstrate  Tyrosine  ? Excess oF SuBsTRATE

MeravoCkTES  Maugvawr MELANOMA

ALBINISM TrROSINASY,
ABSENT "'{Vxnuco
THHIBITED BY Drerression oF SH
{x) Surrnvorve Courousps INHIBITORS BY ~-
eg CvstaiNg Urrraviorer Licat
GLUTATHIONE Hear
THIoURACIL CHROVIC IDFLAMMATION
Ban Merars
{2) PARAHYDROXY¥FREWYL EstraGERS
Covrounns ANDROGENS
Repucen Viramn C
MELANDY {TAN)—eoeme M ELANIN (BLACK)
»

Crary o

In the normal human melann 1s elaborated by dendntic cells in
the basal layer of the eprdermis and the harr papille and by sumiar
cells 1n the mucous membranes of the mouth and vagina 1 the weal
tract and i the leptomeninges  There has been considerable confuston
m termunology i the past At the Third Conference on the Biology
of Normal and Atypical Pigment Cell Growth held at New York
1931 1t was proposed unantmously that these pigment formng cells
should be called melanocytes  The dendrites of these cells connect
with one another to form 2 syncytum  Some of the pigment passes
up the dendnitic processes nto the stratum granulosum but for the
most part it 1s depossted m the dermus where w15 taken up by
macrophages

Melanocytes originate 1 the embryo by mipration from the neural
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only mn melanocytes® and melanin formed by them would be expected
m normally pigmented areas  The suitable physical substrate 1s found
at the special sites of deposition

CH CH,
o OH, o
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There may well be a similar explanation for the remarkable distnbu
tion of pigment 1n melanosis colt  The mucosa of the colon looks
prown or black, due to the presence of pigment laden macrophages
in the submucosa  The condition occurs after the prolonged use of
exgessive quanpities of purgatives
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and a great deal of almost blach pigment nside the cheehs  She has
been dark shinned for several years yet there has been no proof that
she has Addison s disease  For some months she has ceased to take
Ephedrine but she d It s p to suggest
that Ephednne acted bere as 2 melanm substrate 1t would otherwise
have to be a remarkable comeidence of two rare phenomena gross
pigmentation and ephedrine addiction  Inadentally her docter
discovered her addiction when he tnied her on lumma) without telhng
her of the change of prescripuion !

CH, CH COOH
PHENYL ALANINE \) t

TYROSINE OCH’ CH €00

OHY CH, CH COOH

bora i

Q

OHy YCHOH CH, NH CH,
ADRENALINE

Ol
EPHEDRINE CHOH C!H NH CH,
CH,
orn™
CATECHOL OH{
OH
PHENOL
Craxrr 3
MELANOCYTES
The vast number of mel tes n o 1 cases of mal

melanoma may give fise to generalised psgmentation of the “skan
multiple pigmented tumours and melanuria  There 15 no reason to
suppose that the enormous quantities of melanin produced are not
formed from normal sources of tyvosme Doubt 15 therefore cast
upon the dea of an excess of tyrosine ever bewng the cause of pigmenta
tion  On the other hand when an abnormal substrate 13 present such
2v homogentisic acid  phenol and possibly ephedrine and others 1t
appears probable on chimacal grounds that excess melanin formation
may take place
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crest Several pomnts are r of therr origin with
nerve cells One 15 their dendritic form and another 1s the poor
response to X ray therapy of the highly malignant melanomata In
addition, anomales of pigmentation may be associated with hereditary
or congemital disorders of the nervous system, ¢ g neurofibromatosis
linear pigmented nzvus

There 15 no explanation for the different distribution of melanin
which characterises certamn clincal conditions in which the basic
mechanism of pigmentation 1s thought to be the same It should be
noted that the inhibitory effect of sulphydryl groups (SH) on the actwity
of tyrosinase 1s an important factor 1n controlling the rate of melanin
production  Some abnormahties of melanin pigmentation of the
skin and mucous membranes will be considered in relation to the
brochemustry of melamin formation as indicated 1n Chart 2

Foop

Both depigmentation and pigmentation are found in association
with starvation ¢ Lack of protein mught result n shortage of tyrosine
and tyrosmnase and 1t has been suggested that vitamn deficiency
(? pantotherc acid) may also be responsible for deficient pigment
formatton  Simularly protemn lack mught result in tissue shortage of
cystemne and glutathione with q e ion  Infl lon
depresses the inhibitory effect of sulphydry! groups and may account
for the pigmentation of pellagra In scurvy the explanation may be
that all melanin 1s present 1n 1ts blach oxidised form, owing to lack
of the reducing action of ascorbic acid  More observations are required
before the complex effects of starvation can be separated

TYROSINE

This amuno acid 15 obtained from protein digestion or 1t can be
made 1n the body from phenylalamine In other words the latter 1s
also a substrate for shkin melanin  In addition to these two compounds
2 large number of naturally occurring phenolic substrates are hnown
The pigment formed from them 1s not always identical with skin
melanin A few of these substances are Iisted 1n Chart 3

Of these ephedrine and phenol are not proven substrates but
they have been imnserted to show thewr chemical symilanties to the
other substances and because of their possible climcal imphications

The position of phenol in relation to the development of Ochronosis
has been mentioned  Ephedrine 1s included because of a remarkable
case shown by Professor Dunlop at 2 meeting of the Heberden Society

h May 1951

" T:t“omayn 2f5 39 years became addicted to Ephedrine which she
began to take at the age of 20 because she thought she had asthma
She would tip from the bottle as many as 30 half gramn tablets and
swallow them all at once She had been accustomed to this dose for
at least five years The patient has dark hair brown eyes dark skin
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hands and arms 8 The affected areas corresponded exactly with the
length of rubber gloves worn i the course of thewr work  Some of
them also showed a patchy loss of pigment elsewhere on the body
The cause of their tomplamt was traced to benzvl ether of hydro
quinone used as an antioxidant for the preservation of the rubber
gloves It can be used as an omntment m the treatment of freckles
chloasma Addison s disease or other forms of melanin pigmentation
Recommended strengths have varted from X to 50 per cent but a
5 per cent omntment applied every morming and evening has recentl
been preferred as the optimum concentration  Shin hypersensitivity
has rarely been encountered and then only after several months
treatment  Perhaps this difficulty will be overcome 1f the recent trials
of the drug by mouth fulfil their mitial promise * The following case
1s an example of the use of the drug

A woman of 55 was seen on 24th January 1940 Addison s disease
was suspected on account of her main complamnt of asthenia and of
the presence of famnt 1ll defined brown areas of skin on the upper part
of her back and pigmentation of an abdomunal scar The blood
pressure was 145 Ioo  Biochemical mnvestigation proved negatne
and she was not seen agamn for erghteen months By then her skin
and the mucous membranes of the mouth and vagina were grossly
pigmented her blood pressure was 80 50 and all the biochernical
tests for Addison s disease were positive  In spite of adequate treatment
with DCA the shin became progressively darker and caused her
great embarrassment  Nesther treatment with ascorbic actd 500 mg
bd by mouth for two months nor with 1 per cent hydroquinone
omtment for one month caused any lightening of her colour Sub
sequently she was mamtained i excellent health by additional treatment
with 12} mg cortisone by mouth daily but her pigmentation was
unaffected  After four months treatment with 20 per cent benzyl
ether of hydroqunone in Ung Aquosum B P her shin has become
very much less black and somewhat pmker Such a colour change
could be measured accurately with a spectrophotometer but 1n her
case 1t 1s so obvious that her fnends are commenting upon 1t It has
also been checked by repeated water colour pamtings and by colour
photographs both of which methods show a great improvement
After rubbing in the omtment crystals are left on the shin and this

tendency can be reduced by making a paste with the crystals in ether
before mixing them with the base

TYROSINASE
Factors Increasing Melamn Formation
Increased melanin formation occurs if the mhibitory action of
sulphydryl compounds 1s reduced This may result from several
separate or combined causes
1 Heavy Metals —Pigmentation may occur when heavy metals
such as arsenic bismuth, ron gold silver and mercury are deposited
O
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TYROSINASE
Factors Decreasing Melamn Formation

In albinos and in the depigmented skin of vitiigo melanocytes are
present n normal numbers, but they contain no tyrosinase It has been
reported that pigment returns to the affected areas of vitiligo 1 many
cases as a result of local or oral treatment with 8 methoxy psoralen ?

NN
e l]
o I L
NSNS
0 OCH, O
A crude extract for external application dertved from plant sources
has been used by the natives of Egypt since the thirteenth century
The active principle was 1solated 1n 1948
The enzyme action of the copper protein complex tyrosinase may
be inhibited by substances containing sulphydryl groups and by
parahydroxypheny! compounds
(1) Swulphydry! Groups —In normal circumstances cystemne and
glutathione play this part and these substances can be demonstrated
1n fugh concentration in white skin  Oral cysteine 1s reported to decrease
the pigmentation of Addison s disease
Thiouracil 15 an example of a therapeutic substance which has a
similar effect  Given to a case of malignant melanoma with melanuria
1t has been shown to decrease the concentration of melanin precursor
1n the urine
It 1s interesting that thyrond hormone 1s derived from tyrosine
for patients with hyperthyroidism are sometumes pigmented Treat
ment with thiouracil may restore both features to normal while 1n
one tnstance a negro developed areas of depigmentation while under
treatment *
BAL may also reduce pigmentation especially that i relation to
chromic arsenic poisonng
(2) Parakydroxyphenyl Compounds —Benzyl ether of hydroquinone

1s the best example
OH

CH,

N

Chnical nterest 1n this substance was first aroused 1n 1939 when

negro workers 1 a factory clatmed damages for depigmentation of the
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of some common discases which may be seen abroad Pigmentary
changes are present also in a number of conditions which are primarily
of dermatological interest Of these acanthosts migricans n its
malignant form 1s umque and 1t deserves spectal mention

Acanthosts nignicans 1s characterised by pigmented, warty excres
cences 1n the axille and other body folds There are bemgn and

mahgnant forms The bemgn form has an early onset even from

birth It progresses at first especially at puberty and later declines
or remans stationary

* Malignant’ acanthosis starts at any age but most commonly
1 adults It 1s always assocrated with widespread adenocarcinoma
and 1n 70 per cent of cases this arises in the stomach The tumour
may precede accompany or follow the onset ot the skin fesion At
autopsv 50 per cent have suprarenal metastases but no clnscal or
brochemical evidence of suprarenal involsement has ever been detected

In conclusion it must be admitted that a number of Briush patients
with dark skin brown eyes black hair and pigment in the mouth
are seen 1n whom no pathological cause of the pigmentation can be
found No intermarnage with a dark skinned race can be traced in
their ancestry  Pigmentation in the mouth has been said to be almost
pathognomonic of Addisan s disease  If this diagnosis 1s suspected on
chinical grounds 1t s true that the finding of pigmentation 1n the mouth
almost chinches the diagnosis  If however the mouth 13 inspected
cntically 1n every patient the presence of pigmentation 1s nothing like
as rare as Addison s discase
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i the skin  How much the metals themselves are concerned with the
skin colour 1s very difficult to say but the clinical features will often
distinguish between these metals Bismuth and mercury may be
assoctated with stomattis and a blue line along the gum margins
Arsenic gives a diffuse brown colour mottled by depigmented areas
the so called ram drop appearance There 1s evidence that metals
sufficiently high concentration may act by competition with copper m
the formation of tyrosinase Such competitive inhibition may explain
the depigmented areas in chronic arsenical pigmentation Hyper
keratosis of the palms and soles 15 a confirmatory clinical pomt 1n
diagnosis  In argyna, the colour has a more metallic appearance than
simple melanin pigmentation and the areas exposed to light are
strikingly affected If a covered area 1s exposed to ultra violet light
a subsequent greyish pigmentation remains for at least a year 10

2 Ultra Violet Light —Exposure to natural or artificral ultra
violet light 1s followed by a variable degree of sun tan

3 Heat—For mstance erythema ab igne occurs on the shins
and a similar mottled pigmentation may result from the frequent
application of a hot water bottle

4 Chrome Inflammation —For example pigmentation occurs
eczema, or after \ ray therapy

5 Hormones —Estrogens inhibit SH groups  If given by mouth
to young women they result i darkening of the areole and mipples
of the linea abdommalis and of moles  Local application has a sumilar
result No such effect 1s produced after the menopause It 1s probable
that the chloasma of pregnancy 1s produced by cestrogens

Similar effects are produced by androgens Eunuchs fail to develop
asuntan butif they are given testosterone their skin responds normally
to sunhght

Finally there 1s a2 group 1 which the mechanism of pigmentation
remams unexplained Foremost among these 1s Addisons disease
It has been suggested that with the loss of the adrenal medulla tyrosme
which 15 no longer required to form adrenaline 1s converted mto melamin
Aganst this simple suggestion are the facts that pigmentation occurs
i atrophy of the suprarenal cortex with the medulla intact It does
not occur 1n hypoadrenalism accompanying Simmond s disease nor
does 1t follow denervation of the suprarenal medulla after sympath
ectomy although there 1s evidence that adrenaline 1s no longer secreted
1n response to stress It 1s probable that the cause of the pigmentation
1s to be sought m the unopposed action of some pituitary hormone

Pigmentation of the skin and the mucous membrane of the mouth
resembling Addison s disease may accompany cachexia due to malignant
disease reticulosts tuberculosis and other chronic diseases It occurs
also in the malabsorption syndrome and in cases of permcious anzmia

by diarrheea

acc‘;?\saozllfidbeypossxble to add a list of rare disorders associated with

2 disturbance of melanin pigmentation occurnng in this country and
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pla ed these necessities beyond the resources of the average private
mdnidual  Thus the day 1s not far off when our own Health Services
vill be forced also to shoulder this add 1 bility—a
responsibility which entails not only the management of e.tablished
cases but the even greater problem 1n preventative medicine

The waidence of cerebral palsy vanes with different authorities
The Amencan figures based largely on the vast chnical expenence
of Phelps suggest that seven children per 100000 of the population
per year are cerebrally palsied Of these one will die before the
age of six to eight years but the other six will Iive 2 normal span
In this country Dr heddie and Dr Holloran place the incidence in

TABLE I

-—Monoplegia 1
Left fo

~Hcm|plegna—r
'—Right 13

~—SPAsTIC—|

|~-Paraplegra 8
—Trglegia® 8
—Quadriplegia 24
CEREBRAL PALSY—| ATHETOID 20
TREMOR AND RIGINITY 5
ATAxiA -
--\I1XED 9

the school populition at about 1 to 2 per 1000 If all ages were
considered and minimal handicaps recogmsed 1t 1s probable that these
last figures might be ligher The problem however is not a static
one but one which increases with the population year by year so that
n America at least it 1s considered to be second m importance only
to that of poliomyehtis

{ Cerebral palsy 1s essentially a neuromuscular disorder due to
damage to disease or developmental defects of the bran which may
oceur before dunng or after birth  The picture 1s frequently com
plicated further by assocrated defects of speech sight hearning intelh
Hence and emotional stability

In a recent analysis of 100 cases of cerebral palsy (Table I) the

frequency of the various forms are shown and the distribution of the
physical handicap demonstrated  The classification which 1s favoured
by The American Academy of Cerebral Palsy adds to the types shown
in Table I two additional but rare forms—the hgh spinal spastic
and the aspastic spastic (Table 1)



SOML ASPECTS OI CEREBRAL PAISY
By GEORGE A POLLOCh

WERE I to chose a text for this paper I doubt if 1 could find one
more appropriate than that in the Acts of the Apostles Chapter III,
and at the second verse —

And a certain man lame from his mother s womb was carned whom they lad
daly at the gate of the temple which 1s called Beautiful to ask alms

The context makes 1t reasonably clear that he was a case of para
plegta who craved alms at the gate of the temple To the best of my
knowledge this 1s the first medical reference to cerebral palsy  Siteen
hundred years were to pass before Shahespeare dramatised the condition
1n the person of Gloucester in Reckard 717 You will recall the words
of that description —

1 that am curtail d of this fair proportion
Cheated of feature by dissembling nature
Deform @ unfimsh d sent before my time
Into this breathing World scarce half made up
and that so lamelv and unfashionable

That dogs bark at me as I halt by them

How poignantly descriptive 1s that passage how hitterly does 1t
draw attention to his deformuty Prematunty developmental defect
and even anoxia can be reid into the hnes  Time still rolls on and
to our shame 1t must be confessed two hundred years were stll to
pass before Lattle penned his classical descriptions n 1843 and 1862
In these two erudite papers Lattle left little or nothng for us to add
to day 1n elaboration of the chinical picture of etiology

In thus country the next events of importance were the establishment
1n 1046 of The Scottish Counail for the Care of Spastics followed
within 2 few davs by the birth in London of The Bntish Counal
These two Socteties were the direct outcome of events in Americt
where some thirty five years ago Bronson Crothers of Boston followed
by Phelps of Baltimore developed and extended the physiotherapeutic
approach to the problem of cerebral palsy

They 1n turn have been brlhantly supported since by the clinical
efforts and expenimental rescarches of Carlson—himself a spastic and
internationally known specialist i cerebral palsy—of Temple 'y
Peristein and others and fo such good effect that to day there are few
sf any States tn the Unton without a cerebral palsy clinte supported by
State or Federal funds  The high cost of medical management and
of educational and vocational tramning of the spastic has already

Read 4th June 1953
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which may be rapid or slow coarse or fine and are aggravated by
voluntary efforts  The rigidity case shows certain of the suff features
of the spastic but 1s differentiated from the latter by the absence of
alteration 1n the deep reflexes and by the charactenstic feel of the
Iimb when 1t 1s exercised passnvely Passive extension of the elbow
may take place with a cogwheel like character or 1t may give way
gradually as does a lead pipe  hence, the terms lead prpe and cogwheel
ngidities  In other cases the rigidity appears to pass off for no known
reason to appear agamn m an equally unaccountable manner—con

stituting a thied intermuttent form

ASPASTIC SPASTIC

The aspastic spastic 1s one 1 which the lesion 1s considered to
mvolve Area 4 (Brodmann s classification) only ~ Only certatn muscles
are affected and they show the characteristics already described  They
are the alienated or zero cerebral muscles of American literature
muscles which do not atrophy although they do not contract voluntanly
This type 1s exceedingly rare and I have observed these characterstic
findings 1 the anterior tibial muscle alone and i only a few spastic
cases

HIGH SPINAL SPASTIC

The high spinal spastic 1s caused by a subluxation of the odontotd
process during the delivery of the aftercoming head of a breech
presentation or occurs as the result of an acadent after birth  The
odontoid processes dislocates bachwards to cause pressure over the
decussation of the pyramids 1n the medulla and so gives rise to a typical
quadrniplegic spastic paralysis

ATHETOIDS

It 15 1n regard to the athetoid cases that I should like to speak
particularly to day  In my first analysis these represented 20 per cent
of the cases reviewed For the purposes of this paper I have reviened
30 athetords who have been under observation for at least one year
{Table III) These children are remarkable for the purposeless

TABLE III
30 Cases of Athetosts
Vales 21 Females 9
1Q over 8o 13 1Q under 80
{4 over 100) (8 not estimable)
Handedness R 13 L 14 Ambdextrous 3
Birth duquence 1st—14 ~nd—8 1 was Nmth

mvoluntary and inco ordinate movements of their hmbs which usually
affect the muscles of expression also and when this 1s associated with
a marhed drooling of saliva and poor to absent speech 1t 15 not
surpnang that many were considered to be mental defectives The
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SPASTICS

The spastic child 1s a stiff child to whom every voluntary movement
1s an effort It 1s characterised by exaggeration of the deep reflexes
the presence of a positive Babinsh: test with ankle and patellar clonus
but the diagnostic sign 1s the  stretch reflex ™" which 1s elicited by any
sudden voluntary or passtve movement As the result of such an act,
the excursion of the joint movement 1s arrested at a definite pomnt by
spasm of the spastic muscle this 1s known as the threshold of the
reflex  Not all the muscles of the spastic case are spastic some are
normal others particularly those opposing the spastic group are
weak while others agamn depending upon the presence of a lesion in
Area 4 (Brodmanns classification) may be so alenated that they
cannot be made to contract voluntarily  One characteristic feature

TABLE II
Classification of Cerebral Falsy
Spastic
Athetord
Ataia
Mixed
Tremor and Rigidity
Aspastic Spastic
High Spinal Spastic

1s that although these muscles appear to be paralysed they do not
atrophy and they can be tramned to contract by overflow and con
fuston movements

The spastic child 1s a rather introspective indrvtdual who 1s sensitne
to criticism and of failure on his own part to progress normally He
1s frequently considered to be reserved and lacking m affection but
this 1s a protective pose to save himself the pain caused by muscle
spasm so frequently produced by any demonstration of affectron
Mental retardation to the point of mental deficiency 1s present i a
high proportion of these cases not more than 50 per cent 1n my series
were educable

Ataxia

The drunken staggering gait of the ataxic child 1s characteristic
and need only be seen to be easily recogmsed The deep reflexes are
normal or even depressed since the general muscle tone of the ataxic
patient 1s poor The charactenistic pendulum like movement of the
knee jerk 1s also found only n cases of this type Nystagmus loss of
muscle joint sense and a positive Rhomberg test may be found on
clinical examination and the presence of defects of speech are common

TREMORS AND RIGIDITY

These form but a small proportion of the cases of cerebral palsy

The tremors localised or generalised are flewton extension movements
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1 the neck and amm  If we flex one arm and extend the other elhow
the patients head turns tonards the outstretched hand so that we
really have got what amounts to a tomic nech reflex  Dr Phelps speaks
of these children as having  educated feet  they can draw wnite
crechet or pull off and on thesr sochs with their toes  They may hae
a heanng defect also and talh poorly but thus latter 1s probably due to
athetoid morvements of the tongue muscles etc  There was only ene
example of this type tn my sertes

The deaf athetord 1s a very charactensuc chmeal entity  All have
large expressie eyes and all are automatic hp readers  Inability to
rarce the eyes upnards without mosing the head also or to wnakle the
brows 15 a notable chinical observation  The hearing defect 15 a tonal
one which occurs between 1000 and 4oon cieles  The children are
unable to appreciste the § Th and F sounds Therr audiograms
demonstrate a charactenstie fall from 1000 which only begins to nse
atalittle over 000 This type of tracing may be seen also i congenital
defeets of the cochlea  The heanng defect s bilateral both ears
being wittun 10 degrees of each other  As children from 3 to 6 absorb
sound like a sponge to form auditory memorses and pathways 1t s
essentizl that this condition be recognised and treated early  If treat
ment ts delayed beyond the age of 14 the period of extreme receptivity
hag passed and bad patterns have been formed already since the
child has had to struggle aloag without hearing or appreciating the
difference berween certam Early recogs and tr
with hearing aids while not perfect wall probably permut of rezentiont
of 8o per cent of function but if untreated until 13 recovers will
probably not exceed 20 per cent  Many of these children have excessne
pharyngeal lymphoid tissue overgronth winch mav partially block the
eustachian tube and lead eventually to a Jowenng of apprecation ot
the low toned consonants also so that even ordmary speech snapping
of fingers ete ordwarly apprectated by the deaf athetoid are lost
Al cases of this type should be seen by an otolaryngologist alnve to
these possibihties so that the condition can be dealt with surgically
without delay

Hems athetosss 1s seen usually at the Out Pagent Chimse since these
chldren are capable of doing for themselves The athetosis as the
name suggests 15 hmited to one half of the body

The cerebellar release athetnd can be hhened to the reaction of
the ordinary individual as he walks m a rapidly travelhng tram  He
il overcorrect tus tendency to fall to one side by huching violenth
to the other  This over action on the part of the cerebellum can be
parnally corrected by the admumnstranon of cerebellar depressant drugs
such as dilantin or aleohol

The emotional release type 15 characterised by a lack of emotional
control  thus laughter tears and anger are alwnays near the surface
and can be evohed eash  The sudden release of 1nhibitions mas
annoy the patient but it 1s outwsth his control  The brakes seem to
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excessive moivements are aggravated by excitement and by attempts
at purposeful movements They usually involve the entire body but
occasionally may be hmited to one side only  They are absent during
sleep, or during periods of intense concentration such as while reading
or looking at an interesttng  movie They disappear during
anzsthesta and 1t 1s interesting to note that during the stage of recovery
many speah almost clearly unhappily as conscrousness returns to
normal the imntelligibility of the speech as rapidly deteriorates As a
general rule, the deep reflexes are normal although occasionally a
positive Babinsht or 1ll sustained ankle clonus may be elicited  The
stretch reflex  however is absent As the muscles of the athetord

are normal 1t 1s generally accepted that the error whatever 1t may be
lies at a higher level and 1s probablv in the nature of lackh of syn
chromsation  In this we have almost certainly the explanation of the
poor results which have followed tendon transplantation etc

Temperamentally the athetoid 1s a happy go lucky child who
unlike the spastic 1s prepared to laugh at hus failures and to trv agan
Since the leston 1n athetosis was supposed not to mvolve the cortex
1t was believed 1n the past that the athetord was more intelligent than
the spastic child but this has not been my finding  The educabihity
of the athetotd 1s no greater than that of the spastic as a whole, although
the probability 1s that certain members of the athetord group may have
a hugher degree of mntelligence

Phelps Classification of Athetords into 12 main groups 1s based
on certatn characters of manner of movement or of muscular state
and while of very considerable interest 1s probably only of descriptive
mmportance 1 Non tenston 2 Tension 3 Head neck and arm
4 Deaf 5 Hem athetosis 6 Cerebellar release 7 Emotional
release 8 Rotatory 9 Tremor 10 Shudder 11 Flal 12
Dystonic

The non tension athetoid 15 one n which the inco ordinate 1n
voluntary and purposeless movements have full play so that the
himbs may fly about m all directions without any successful attempt
being made at control

The fension athetord 1s one n which according to Phelps an
attempt on the part of the patient to control hs excessive movements
leads to increased tenston in the muscles so that the limbs become
stiff and may even suggest spasticity  There 1s however no stretch
reflex  Asaresult of this tension the muscles hypertrophy abnormally
so that these children may become phenomenally strong  thus when
excited 1t may tahe several men to hold the patient and apply his
braces The author has observed a sumilar degree of tension 1n
an mfant and at an age when attempted voluntary control of the
movements was unlihely and who eventually developed all the
charactenstics of a cuadriplegic tension athetod This was by far

the commonest type 1 this series

Head neck and arm —The athetord movements are more marked
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Unskilled obstetrical care was for long considered to be the principal
factor in the causation of cerebral palsy  There 1s no doubt that manv
cases of cerebral palsy do date from birth but probably less than
10 per cent are attributable directly to faulty and unshilled obstetrics

A long difficult labour may result in damage to the skull and
underlymg bramn from excessive moulding of the skull and lead to
tearing of the cortical vessels with hemorrhage and injury to the bramn
surface where neither drugs nor mstruments have been employed
Excessive or 1l advised anwzsthesta such as spinal etc may lower
the blood pressure to a dangerous level for the child and result in
diminished oxygen supply to the brain A breech birth adds to the
hazards of anowa those of damage to the Vein of Galen from traction
on the aftercoming head Pinching of the cord betneen the pelvic
brim and feetal head or torsion round the neck may also cause anoxia
with petechal hemorrhage in the brain substance Sudden pressure
changes during a precipitate or Cesarean delivery not infrequently
result 1n a spastic p gia from a subft {le cortical hemorrhage
-—developments often outwith the control of the practitioner but not
all beyond his skill to anticipate and perhaps even correct To these
potential actne causes may be added the predisposing factors of
prematurnity prnimigeniture race and sex

In the report of the Registrar General for Scotland 1in 1948 106
children dred at birth from brain mjuries of which number 67 were
males In my figures 68 per cent of cerebral palsied patients were
first and second births (49 per cent were first chuldren) It would
appear therefore that the male child particularly if he 15 the first
born runs a greater rish than the female of cerebral damage

Race also exercises an infl but the expl. ion 15 obscure
1t 15 generally accepted however that cerebral palsy s commoner 1n
the white race than 1n the black and 1s least frequent of all among the
orientals

PATHOLOGY

For teaching purposes 1t has been assumed that lesions affecting
the pyramidal tracts subcortical regions and the precentral gyrus
gie nise to spasticity  that those found in the basal gangla and their

are responsible for the p of athetosis tremors
ngidities and dystonta—the picture varying with the precise area
affected and that ataxia follows upon similar affections of the cerebellum
1ts connectrons and the eighth nerve

This simple geographical pattern no longer meets every case
since certamn patients clinically considered to be examples of extra
pyramdal ngidity were found pathologically to show evidences of an
aplasia of the cerebellum and others which demonstrated during
Iife features of athetosis at mecropsy showed evidence of cortical
damage only ( Infantle Cerebral Palsy Journ Amer Med Assoc
3rd May 1952 vol 149 pp 30-,4 M A Perlsten) The author
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be off In spite of all appearances to the contrary, the patient may not
be greatly upset emotionally

Rotatory athetord —In this conditron the movements are rotator,
so that the shoulders are rotated usually mnwards It differs from the
tremor athetoid in that there 1s no flexion or extension movement

The tremor atheto:d shows a reciprocal action of antagonstic
muscles 1n which there 1s flexion and extension of the jonts The
tremor may be fast or slow, gross or fine

Skudder —Phelps likened this to dropping a piece of 1ce down
the patient’s neck The shudder may be shght or it may be so
severe that the patient falls down The condition 1s not constant
but occurs every few munutes so that the patient may be afraid to
walk unsupported The apphcation of braces will prevent a child
falling and will give him confidence to walk alone

Flail —Dr Phelps admuts that this 1s a poor term  The hmbs are
thrown about 1 a flail like manner the prosumal joints bemng those
principally affected with very little movement taking place in the
more distal ones

Dystome —In this condition the patient assumes distorted postures
from ttme to time holding each for a few minutes before a totalh
different attitude 1s assumed The trunk muscles are tense and more
mvolved than are those of the imbs The cause 1s not hnown The
dystonic type resembles dystorua musculorum deformans which usually
comes on about the sixth year and almost always begins with a weak
or swollen ankle This form was met with only once m the series
reviened

ETIoLoGY

The concept that those factors which give nise to cerebral palsy
may act before, during or after birth has had a more or less general
acceptance

The post natal group 15 clear cut and well recognised but this
cannot be claimed with the same assurance for the other two, as 1t 1s
wirtually mmpossible clinically to differentiate the pre natal from the
natal form at birth

An mjury to the head of the infant during parturition sufficiently
severe to give nse to concern for its survival may clear up n an
astonishing way leaving httle if any obvious sequel n the torm of
emotional or mental instability or spastic defect

We are also equally and unhappily familiar with the apparently
normal mmfant born spontaneously and without incident to young
healthy parents of ummpeachable famly and personal histories who
later on develops all the stigmata of a severe cerebral palsy

There 1s 2 growing weight of evidence to suggest that developmental
defect virus infections Rh factor anomalies and perhaps even endocrine
dysfunction and tosic influences during pregnancy may have an
etiological sigmificance greater than has as yet been accepted
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healthy or was a bit slow but would be all right in tume  Stiffness
of the lumbs discovered at bathmg time difficulty in putting on nappies
unnatural quietness of the child or the presence of & squint and as
the months pass delay in reaching the usual developmental mrlestones
m time all call for fuller investigation and not for reassurance

TREATMENT
Drugs ~There 15 no drug which will cure or permanently lessen
the disabil of this 4 Anticomvulsant drugs are of benefit

but only 1w so far as they control the frequency or seversty of the
convulsive seizures  Perhaps alcohol zlone of all the drugs has the
most unmediate marked but unfortunately only temporary effect

Surgery —Lumbar puncture or repeated subdural tap through
the antenor f fle followed by cr as advised by A N
Guthkelch of Manchester may result 10 a cure but once the chmcal
features are estabhshed there 1s no curative surgical procedure known
to day Cordotomy 1n severe ath orh ph w certam
hemiplegias have thesr advocates but the number of cases so treated
3s still small and a suffient persod of trme hasmot yet elapsed to permut
of a balanced opinion

in the rehabil field orthopadic surgery has a contribution
to make and much benefit has resulted from the surgical fusion of
wrist knee ankle and subtalord joints in both spastic and athetord cases
Muscle lengthening and transplantation n the spastic group has been
of benefit but 15 almost always an unquabified faure i the athetord
This 1s not unexpected since 1n the athetord case the muscles are
normal-—t 1s the integration of movement which 1s at favit—a condition
which will not respond to peripheral surgery  Correction of con
tractures and deformities are still possibly required but earlier diagnosss
and preventative care should 1n time render such procedures un
necessary

In the established case of cerebral palsy the role of surgeny ss to
prepare the way for physiotherapy and occupational measures of
sehabiltation  In the physiotherapeutic treatment of the cerebrafly
palsied child the first essential 1n the case of the athetod 15 10 obtain
refaxation and wn the spastic to work through and overcome the
stretch reflex

Relaxation is obtaned by (1} Jacobson Method or (2) by the
visuo kinwsthetic method we practise at Westerlea  Once this s
obtamned muscle co ordinated patterns of mavement are developed by
the Temple Fay technique

Sooner or later a dectsion must be taken m regard 1o education
e at Westerlea n our mutual g gange the g fevel
i terms of 1 Q

Those children who are educable or have an 1Q over 8o have
equal rights with the normal child to an education even we beheve
af it provides lum m the future with only personal solace For the
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can recall one typical case of athetosis who succumbed to an inter
current infection and 1 whom no pathological signs were found m
the bran , Phelps reported a case of athetosis some nime ago n which
the basal ganglia were found to be absent at the post mortem
examnation

In general developmental defects of the brain result n symmetrical
bilateral lesions of the body and Iimbs while umlateral involvement
of the body 1s almost always secondary to a destructive lesion such
as a hemorrhage, inflammation, or a tumour (Josephy)

DraGNosIs
The earlier cerebral palsy 1s diagnosed and the sooner treatment
15 begun, the better the prospects of successful rehabilitation The
expertenced physician should be capable of estabhishing the diagnos:s
1 almost every case within the first year of life and m many long
before this  Whle 1t 15 1mportant to reach an accurate diagnosss early
for the sake of treatment there are other sociological mmphcations
perhaps of greatest moment that of adoption In the last month the
author has been consulted by the parents of two separately adopted
children both of whom were severely handicapped by cerebral palsy
Although a clean bill of health had been provided 1n good faith by the
authonties concerned 1n the adoption enquiry subsequently ehcited
a far from satisfactory birth history  Both children had been born
limp and blue after a difficult labour and both for several days mn the
neo natal period had required constant care Such a history should
have called for a skilled medical examination prior to adoption and
had this been avatlable the early signs of the condstion could have
been noted and considerable heartache prevented
The most mmportant factor 1n early diagnosis 1s a careful and full
story of the fanuly and personal histories of the parents with particular
regard to the pregnancy of the mother Full details of the birth and
of the early neo natal period must be recorded and should be avarlable
for reference A prolonged labour even 1f 1t terminates spontaneously
may be of significance resuscitation measures post natal irritability
or drowsmess, bulging of the antertor fontanelle and muscle twitching
even where an apparent recovery to normal takes place before the
child 1s discharged from hospital should arouse suspcion and calt for
repeated medical review at three monthly interv als for the first eighteen
months of life before the child 1s considered to be normal  This 1s
particularly necessary where jaundice due to Rh mcompatibilittes has
been present It 1s imperative that these routine examinations be
carried out by experienced physicians and of almost equal importance
1s that the impressions of the prandmothers be not ignored or dismissed
as of httle account In almost 20 per cent of my cases reference to
the famly doctor and to the hospital had been made by the parents
at the mstigation of the grandmother and as eatly as the third month

yet n such instances the parents were assured that the child was
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hughly 1nteligent a University career may be possible but this should
be provided only if there 15 1 possibility of 1ts bemng put to good use
A good degree or a lugh intelligence 1n the presence of a scvere physical
defect as 1n the athetord mav lead to frustration and suicide if a yob
cannot be obtained  Therefore, not only the athetods, but the general
public must be educated to thetr responsibilities with regard to these
handicapped children  For those to whom the gates of learning are
closed contentment and a sense of personal worth may be obtained
by traiming 1n routine shiils 1in gardemng or farmig etc  While for
those whose disabilities preciude even such lunited actrvities sheftered
workshops or residential institutions for permanent care must be
provided to which the stigma of the old asylum must not be attached

POSTSCRIPT
(@) Spastic
(&) Athetotic
{1) Tension
(1) Non tension | Types of Athetosis acceptable to
(tn) Dystomc the Academy to date
() Tremor
(e) Rigudity
(d) Ataxic
{¢) Tremor
(f) Atonic
(g) Mixed
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