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President’s Opening Remarkhs

Fellows Members and guests of the College it is a great
pleasure to me to welcome you again to the Royal College of
Physiclans for this the third of our post-graduate conferences
It is also a great peracnal pleasure that they have become so
popular but it 1s I am afraid a disappointment to a good many
who had to be turned away after the ballot They are not here
80 I cannot apologize to them We will see whether we can
improve this and whether there is some way of letting people
know more quickly whether they can get a place or not But I
think our original decision is correct to keep these conferences
down to about 100 people which together with speakers and
Chairmen means 120 or so to dine which is the most we can manage
in our present premises though of course we shall have larger
premises soon about which I shall speak at dinner time I
think our decision to limit the numbers in this way was right
We do not want the conferences to grow so large that people have
no opportunity to get to know a few new colleagues and in very
large gatherings it is more difficult to make people get up and
talk and join in the discussions which I think are such an
essential part of a conference of this kind I hope today you
w11l not hesitate to get up during the periods of discussion
You will notice from the programme that the arrangement is that
there are one two or three speakers and then an interval for
discussion Returning to the questlon of our being over sub-
scribed it is rather interesting that I have had amongst other
letters a letter from a senior Fellow of the College in London
regretting that he was not able to come and asking couldn't a
1ittle priority be given to such as him ' and a letter from a
rather junior member in the periphery saying couldn't a little
priority be given to such as him as they have not so many oppor-
tunities and to both I gave the same reply namely that we want
these conferences to be for all Fellows and Members to meet
together and not for one particular section to be singled out
As you know we aim at a high level but not 3o high in a technical
sense that the practising physiclan would lose his interest



There are some ¢:monstrations and one which is very important
is a radioclogical one which Dr Bull has put up in the Committee
Room Dr MhcDonald has a demonstration in the Library where
you will be going for coffee and luncheon later on Ve are
hoping also for a demonstration from Dr Poole in the Library
1 am not sure if it has been set up yet Now with regard te
the speakers there are as you see a mixture of some of the
distinguished names whom you have known for years and a number
of younger men whose names you may not know so well the only
selection being that they are people who are and have been
actively engaged in research and study of the subjects about
which they are going to talk

As you will see from your programme the conference divides
itself conveniently into four sections first of all the
section on Pathogenesis and then the three djvisions the Cerebral
Circulatfon the Coronary Circulation and the Peripheral
Circulation

Mow I think my opening five minutes s up and we start the
conference with Dr Dible %ould you please open the conference
for us Dr Dible with your communication on Atheroma
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Atheroma
| H DIBLE

Tt is unnecessary to describe to an audience of this sort
the anatomical structure of the atheromatous lesion What I
shall rather attempt to do is to trace its morphogenesis and
from this to see what we can learn of its pathogenesis - both
imperfectly understood subjects It is however necessary to
ask that we should be more explicit than perhaps we generally
are in the use of the term artery ™ All arteries do not have
the same Structure and doubtless this variation between let
us say the aorta and a digital artery indicates a difference
in function in nutrition and possibly in mode of reaction to
injury This in the subject we are considering 1s well
illustrated by the fact that below a certaln size arterles are
not subject to atheroma In an analysis of the distribution
of obstructive lesions in ischaemlc legs most of them subjected
to amputation I found the following result -

Table T

Incidence of athero-thrombotic occlusive
lesions in the arteries of chronically ischaemic legs

Ant  Post Peronl Dors  Lat Med Digirl
tib  tib pedis  planer  plantr

#holly or

partially 87 &4 57 24 27 15 0

obstructed

Patent 14 16 43 76 73 85 100

(The figures are percentages}

thich shows the decline of the disease with the diminution in
rterial size
Moreover an artery" is a complex organ with at least four
main structures which are lnvolved in disease and may be involved
independently or to different degrees These are the intima
‘the internal elastic lamina the middle coat and the vasa
vasorum
Coming now to the details of the histogenesis af atheroma
I propose to devote myself in this brief sketch more enartallv
to the musculo elastic arteries of the 1imds which have

3
P



suffered some neglect in favour of the aorta and coronary
arteries which is perhaps a pity The pathological lesion in
the aorta has been described ad nauseam albeit without much
light being thrown on its genesis and Professor Crawford is
to deal with the coronary arteries Views on the pathogenesis
) of atheroma have passed through three main phases 1 The
inflammatory-degenerative doctrine of Virchow which has more
or less held the fleld for nigh on a hundred years 2 The
slightly earlier thrombotic or incrustation theory of Rokitansky,
which Virchaw was thought to have discredited 3 The lipoid
infiltration theory which gained its greatest £illip from the
experiments of Anitschkow on feeding rabbits with large doses
of cholesterol These different points of view are not mutually
exclusive but represent foci around which discussions on the
pathogenesis of the disease have centred Within the last ten
years the throgbotic theory has been most ably resuscitated
and extended in scope and detail by the work and writings of
J B Duguid and I would say at once that for the purpose of
this short communication I wholly accept Duguid s views which
seem to offer the only satisfactory explanation of the very
diverse and different plctures seen in atheroma But I would
add that they need to be considered in conjunction with the
pecullarities of the circulation in the arterial wall and mode
of nutrition of its conatituent parts The general hypothesia
is simple enough the atheromatcous patch represents a mural
thrombus which has become covered with endothelium which partly
\rorganises 1t from the surface whilst the deeper layers
degenerate as a result of being excluded from the nourishment
$f the circulating blood
Atheroma ia a degenerative disease and is intimately bound
up with seneacence 4in fact the philosophical argument of where
the one begins to overtake the other is a matter which could be
long debated In an attempt to follow the changes which occur
in the vesasls of the lower extremity and if possible to learn
something of the genesis of atheroma Dr Duncan Taylor at my
request removed samples of the anterior and posterior tibial
arterles and of the dorsalis pedis at a stated level in an
unselected series of bodies coming to post-mortem These were
all examtned by paraffin and frozen sections  Altogether I
have examined fifty bodies or 1limbs of this group the age
distribution and incidence of classical atheromatous lesions
being shown in the accompanying chart
There 13 the expected relationship between age and the
incidence of atheroma ard in addition it was found that all
tut one of the cases showing atheroma had eviden e of hyperten-
sion in the shape of hearteweight in excess of the accepted

4
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maximm The relstionship with [ onckeverg s medial caleifica-
tion is also shown six out of the nine atheromatous vessels
showing the condition wh reas only three cases showed
Monckeberg s disease alone * would stress that we are not
dealing with the complete examination of the arteries I have
named but only with a single sample of each at a stated level
The result in so restricted an examination emphasizes haw wide-
spread must the disease be in the later age groups *It also
shows the close association between I onckeberg s sclerosis and
ath rona wrilst Honckeberg s sclercsis can occur alone

I shall now turr to the cases in which atheroma was not
found at the levels examined and ask were there any pre-
atheromatous changes Here we come up against the problem
of senescence and the recognition and interpretation of minimal



le<t r is the individual grows older the arteries of the
lower 1imb show changes in the internal elastic lamina which
re well recognized but difficult to interpret I show you
pictures of these and you will see that there are changes in
/\the intima which take various forms but in general lead to
the production of numercus layers in place of the single layer
of early 1ife which itself generally persists and is recog-
nisable This is often called a‘"splitting of the internal
elastic lamina “but I think the expression 18 inexact The
new elastlc tissue 1s dafferent in appearsnce and stains more
weakly than the primary layer and the new secondary layers are
not made up of a single homogeneous membrane like the primary
layer but each consists of enormous numbers of new fine fibres
mostly orientated in the long axis of the vessel and in trans-
verse section appearing like the vertical posts of a stockade
and 50 close together that when cut across they give the appear-
nce of a single granular lamina on casual examination The
ccompanying chart shows the incidence and thickness of this new
Wntemal layer in the series of cases we are now considering
These new elastic layers enclose between them cellular
elements some of which are fibrous others muscular which lie
in a ground which hi 2 fon indicates
to contain a muco polysaccharide #hat is the cause of this
change and what is its purpose® 1e do not know It does not
appear to be constantly related to blood pressure as judged by
heart weight It 4s related to age The only hint I can give
of its abnormal production is that it is found in the larger
renal arterioles in hypertension and in the Single striking

example of its precccious appearance in the present group it
was associated with fatal hypertension

Is this a pre atheromatous condition and i. it a necessary
basis for the next stager I propose to show You how the trane
sition to atheroma may occur but there seems to be a missing
factor in pathogenesis between the two conditlons and I have
frankly been disappointed in the paucity of transition stages
whick have appeared in this analysis Possibly in a larger
series this would not have been the case le find from time
to time evidence of two layers {at least) in the thickened
Intina suggesting, phases of production which
sy~ports tre incrustation theory In these the normal
senescent thickenirg which I have termed the secondary layer
1s overlaid with a less mature-looking tertiary elastic layer
and aczetimes at the surface of this we find fibro-cellular
activity waich may include foamy cells  the whole beinp
covered with & thin layer of endothelium Thess foamy cella
stain for fat though the others ray not dn 50 This ia much

&
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what Duguid and others (Crawford Levine Rannie} have found
on the surface of the aorta and coronary arteries  An iden-
tical appearance is often to be found at the (growing) edge
of a clasaical athercmatous patch where it abuts the secondary
layer of intima which supports the view that the formation 1
have described is an atheromstous plaque in geneais

This is all comparatively plain sailing but we have yet
a long way to g0 to reach the fully developed lealon and
8til) further to explain it I think much of the explanation
of this complex picture with 1ts superficial fibrous layer
its porridgy mass of fatty ant caseous material its occaslonal
deep blood veasels its anomalous deep fibrin and the haemor-
rhages both superficial and deep to which such attention has
been paid 1s to be found in a consideration of the circulatory
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conditions which develop parl passu with the further progress
of the plague The necrosis has always been explained as a
result of ischaemia developing in the depths of the plague -
but this explanation is only acceptable if we assume that there
are conditions present which prevent its vascularization In
most situations in the body an ingrowth of vessels from all
around would vascularize such an area but in the atheromatous
plaque there are special conditions arising from the speclal
blood supply An artery of the order we are considering has
two sources of supply - the circulating blood and the vasa
vasorum the two being and not ing directly
The barrier level dividing these territories I believe to be
at the internal elastic lamina  On the intimal side the presence
of a mural platelet or dense fibrin thrombus provokes feeble
and relatively ineffective attempts at vascularization - this
has been admirably demonstrated by Crawford Levene Geiringer
and others The medial vessels receive but little stimulus
and their ingress is inhibited by or near the internal elastic
lamina  And so the vascularization fails I 4s instructive
to contrast this with what occurs in a vessel which is acutely
occluded by a rapidly forming red mixed or loose fibrin
thrombus Here we see the most active growth of endothelisl
cells macrophages histiocytes etc and in short time the
canalization and transformation of the thrombus intoc a sponges
work of ecirculatory chamnels which may g0 on to a partial
reatoration of the circulation In the most successful cases
the new vessels develop an arterial structure {venous in

veins, and sometimes a single new trunk may be formed within
the old vessel {arteria in arteria) Such a picture may well
be associated with an adjacent atheromatous focus which has
precipitated the thrombosis but this is often not realised
unless the vessel is cut in longitudinal section or the lesion
followed in serial sections as was done by Duguid This
canalization I believe to be easentially intra-arterfal 1its
function to restore a through-circulation and it does not
primarily involve the vasa vasorum But the story does not end
here If you examine a number of old atheromatous lesions you
will £ind that in sone of them there iz an irruption of vasa
vasorun towards the base of the plaque this however seems to
take place at sites where the internal elastic lamina has
disappeared I therefare suggest that the vascularization of
the depths of the plague which might prevent its necrosis and
allow it to develop into a fibrous layer by the ordinary process
of erganization 1is prevented by the internal elastica barrier
waich has thia function and exhibits it exquisitely in the
process of cansl{zation Put once this barrier goes it becomes




possible for vessels from the external and middle coats to
reach the depths of the plaque This they sometimes do and
give us the picture of a fibrous instead of & necrotic base
but this development 13 & late one uncertain and not very
effective

The internal elastic lamina is also entitled to considera-
tion in the genesis of atheroma on other grounds Often it is
a site of early calcification the deposited calcium sometimes
surrounding the lamina as if a special chemical affinity were
present The fact that such calcium is later found deep in
the plaque supports the view of the growth of the latter by
progressive surface deposition Moreover the elastica itself
is often a site of fat accumulation which suggests to some
that the primary lesion may be at this structure and which may
explain how we sometimes se¢ two layers of fat in a well
developed plaque

Finally we turn to the muscular middle coat In many
atheromatous vessels the muscle is deficient indeed Thoma
based a theory of causation on this finding Professor Crawford
is also interested in this subject and you will have the benefit
of hearing his views Not only may the muscle be deficient
but the media may be unduly fibrous I have made an analysis
of this charge in the group of peripheral vessels I have
concentrated upen in this paper and find that 1t is closely
assoclated with the incidence of peripheral atheroma coronary
atheroma excessive thickening of the intima a large heart
hypertension and death from such cardio vascular conditions
A common cause of fibrosi. in par organs is isch
and since myocardial ischaemia is a result of coronary arterial
disease and the coronary arteries are only specially developed
vasa vasorum snalogy suggests that the vasa may play a role
in the genesis of this puzzling condition

I am afraid T have done little beyond directing your
attention to the various pleces of this jig-saw puzzle Vhether
they are all on the board and merely need more skilful orienta
ting or mhether the key piece 1s yet in the box the future will
show




Other Occlusive Arterial Diseases
C V HARRISON

The 1ist of “other occlusive arterial diseases™ is a fairly
lengthy one I have interpreted it as meaning those diseases in
which the effects of arterial occlusion form a major clinical
aymptom or sign and I have further restricted it to the systemic
circulation Even with this definition there are six separate
diseases that can properly be included though I shall restrict
my remarks mainly to two of them The aix diseases in order of
the size of artery involved are pulseless disease giant cell
arteritis Buerger's disease polyarteritis nodosa acleroderma
and thrombotic microangiopathy
Pulseless Disease

Let me confess that I have never seen an autopsy on a case
of pulseless disease

The arterles involved are occluded by organized or organi-
zing thrombus  There Is a variable degree of intimal fibrous
proliferation The elastic tissue is fragmented and there is a
heavy cellular infiltration of the media without fibrinoid
necrosis The cells include histiocytes plasma cells and
lymphocytes There are often granulomatous foci resembling
tuberculosia with epithelioid cells and glant cells but acid
fast bacllli are not found and guinea pig inoculations have
proved negative There is a spread of inflammatory infilt-ation
to the adventitia In some cases the aorta has shown medial
damage resecbling that of syphilfs Veins are not affected
Some authors have likened the appearances to those of Buerger a
disease others have noted a likeness to glant cell arteritis
though neither disease ordinarily affects young women or involves
these arteries

Lessoff and Clynn have questicned whether the disease ia
really an entity So far the recorded data do not really justify
any firm opinion as to the nature of the disease and I think we
st reserve judgment Certeinly we should be glad of the oppor-
tunity £0 exanine material from any well established clinical
cases



Pulseless disease

Age and Sex
Toung women Onset about age 20

Site of lesion
Innominate subclavians and carotids

Site of ischaemia
Face {atrophy] Eyes (peripapillary anastomoses)
Brain (vertigo) Arms {pulseless)

Structural change
Thrombosis and intimal fibrosis leading to obliteration
Medial arteritis with elastic destruction coften with giant
cells Aorta may be involved but not obliterated Veins
not involved

Giant Cell Arteritis is an undoubted entity both clinically and
morphologically Most of you will know the clintcal aspects
better than I do but some pointa in the pathology may not be so
well known

Fguel Gantc llarte tia T mpo alart y howing intimal
th knog c lUular nf hratonand g ant llsa ound th ot nal

last lam naand { b o is of adventit a {H & E x 40} (From R € nt
Advan & n Pathology 6th Edtom Churchill)



Figure 2 Giant cell arteritia Higher powerofpa tof F g 1to
ahow glant cells around the {ragmented elastic (H & E x 200)
{From Recent Advances n Pathology 6th Edition Chu chill)

Firstly the extent of involvement of different arteries is
much greater than was first thought  Although the temporal
arteries are most frequently and most prominently recognisable
other cranlal arteries are frequently involved In addition
the following have been described as affected in published cases
carotid cerebral aubclavian Supr lar acroois $13
exis radial, aorta, coronary 1iliac femoral and dorsalis pedis

Although occlusion of the lumen is the reason for including
the disease in the present context aneurysmal dilatation can
also occur Ocelusion with consequent ischaemia occurs in the
cerebral and ocular circulation and gives rise to the two serious
complications of the disease A small minority of patients
suffer cerebral softening tut & far larger proportion suffer
ocular ischaemia  Fortunately this is transitory and incomplete
in the majority but permanent blindness of one or even both eyes
oceurs in & significant minority of cases

On the other hand sneurysm formation occurs in some cases
;.nicuhrly in the larger arteries Before trying to discover
why soze arteries occlude and others dilate it will be convenient
o describe the histoleogical lesions The brunt of the damage
appesrs 0 fall on the innermost layera of the media in the
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region of the internal elastic lamina Here there 1s a brisk
inflammatory reaction of mixed cell type including histiocytes,
polymorphonuclears lymphocytes and plasma cells but rarely
eosinophila At the same time the internal elastic lamina
becomss fragmented and giunt cells appear These are of foreign
body type and lie in relation to the fragmented elastic
Kimmelstiel et al (1952) have suggested that they arise in
response to the damaged elastica The adjacent media may show
fibrinold necrosis The intima shows a brisk cellular hyper-
plasia of lcose mucoid connective tissue 30 that the luren
rapidly becomes reduced to a 811t or pin point  Thrombosis of
minor degree may overlie this but 1s not a significant factor
in the reduction of the lumen Apart from these more striking
changes there s a lesser diffuse inflasmatory infiltration of
the whole media ard adveatitia I should like to suggest that
the fate of the arterial lumen depends on a race between the

Figu 3 G ntcellateit Bfloet tmnt(H&Ex34)
{By kind permissionof the Edto B st hM d¢ 1 Journal)



Figure 4 Giant cell arteritls Same patfent as Fig 3
By kind permis lon of the Editor British Medical Journal)

medial damage and the intimal fibrosis If the former predomi-
nates the result is an aneurysm if the latter the result is
ocelusion To some extent the result depends on the size of the
original artery If this Is small it requires relatively little
cellular proliferation to produce occlusion If on the cther
hand the lumen 18 wide great proliferation is needed to cause
occlusion In addition to thia, the diatending force of the
blood pressure is greater in a large artery The extreme exarple
of this 1a seen in the morta where the diseass if 1t has any
effect at all, produces an aneurysm This zmay be of two types
either a saccular aneurysz or a partial rupture of the wall

with a greater or lesser degree of dimsection A rumber of
deaths have been recorded from ruptured aneuryszs Thare fs

"



I think no doubt that glant cell arteritis is a real entity
both clinically and morphologically but we have as yet no clue
to its aetlolegy

Glant cell arteritis

Age and Sex
Either sex Middle age or elderly

Site of lesion
Temporal occipital carotid subclavian others
occasionally

Site of ischaemia
Eyes Sometimes cerebral

Structural change
Ceclusion by intimal fibrosis sometimes minor thrombosis
Medial infl Elastic ruction Giant cells
around fragmented elastic Veins very rarely involved

Buerger's Disease

Clinically this closely resembles ordinary atheroaclerosis
but it oceurs at an earlier age and affects males almost
exclusively The curious legend that it is apecially common
in Jews dies hard It 1s unfortunate for the pathologist that
by the time gangrene makes amputation necessary the arterial
lesions are usually in the state of scarring and in fact many
of the jllustrations in text books are of such old scarred
lesions At this stage it is difficult to distinguish Buerger's
disease from the late effects of simple thrombosis and some
workers have even denied the existence of Buerger s disease as
an entity In fact the early stages are quite different The
earliest change appears to be a sudden thrombosis in situ with
a red unlaminated clot Very scon a series of acute inflam~
matory foci form in the periphery of the thrombus These contain
numercus polymorphonuclears and may contain glant cells There
is a loose cellular infiltration of the wall and a brisk vascular
response by the vasa vasorum which stream through the media
from the adventitia into the thrombus One imoortant point is
that the media doe% not suffer necrosis and the elastic lamina
remains unbroken The result is that in the scarred stage the
elastic lamina remains as a deeply crenated band surrounded by
a contracted but intact media One further difference is that
in Buerger s disease there is a great deal more perivascular
inflanmation and subsequent Scarring than in ordinary thrombosis

15



Figure 5 Buerge  disea e The lumen 1s occupted by actively
S gamising thromba  There & fibrous thickening of the adv nt ta
(From Recent Adv nc  in Pathotogy 6th Edition Churchill)

As you know the veins are regularly involved in Buerger 8
dfseaze and the lesions in them are remarkably like those in the
arteries Since trey are often used for biopsy in order to
establish the diagnosis much of our knowledge and experience 1s
based on the study of the venous lesions - many of Buerger 5
original 1llustrations were of veins This i3 incidentslly a
sharp point of difference from glant cell arteritis in which
yeins are very rarely imvolved though I have seen one case with
wenous involvezent and a few have been described in the litera-
ture

16
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Buerger's disease
Age and Sex
Males 30-50 years
Site of lesion
Popliteal to foot 0dd reports in other sites
Site of ischaemia
Foot and leg
Structural change
Segmental or focal Thrombosis follewed by inflammation
with peripheral in thrombus  Diffuse infl
of media and adventitia and periarterial connective vissue
without necrosis Veins involved

Polyarteritis Nodosa
Under this heading I should like to make one poirt that
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the disease can take three rather different forms First there
is what one may perhaps term the classical form This is the
one that may give rise to ischaemia in various organs or tissues
Secondly there is the form recognised by Rose and Spencer as
polyarteritis with pulmonary invelvement This ia the form that
comrences with a chronic granulomatous lesion scmewhere in the
upper respiratory tract and later shows signs of arterial
involvement and produces granulomatous and arterial lesions in
the lungs and which also produces curious granulomatous lesions
in various organs Finally there is the type described a few
years ago by Dawson Ball and Platt and characterized by involve-
ment of very small arteries or arterioles and accompanied by an
explosive glomerulitis This form usually has singularly little
involvement of medium-sized arteries and a8 consequent absence

of ischaemlic changes

Figure 7 Polya terits nodosa Aorta showing patchy m dial
and ove lying intimal th ¢k ning (The pale foci repre ent ar as
of loss of 1 stic tissue } (Elastic and van Gieson x 36)

To return for a moment to the classical form of polyarteri~
tis one of the places where it produces ischaemia is in the
xidneys and Rose and Spencer offer evidence for the view that
any hypertension that accompanies polyarteritis is a secondary
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one due to renal ischaemia On~ recent point I have recently
had a ¢ase of polyarteritis in which the media of the aorta was
involved This may be of no significance but it is perhaps
worth considering the possibility of polyarteritis and looking
at other smaller arteries in those occasional cases of unex-
plained non-syphilitic aortitis that we encounter every now and
then

Polyarteritis Nodosa
Age and Sex
Both sexes  Any age
Site of lesion
Three variants
1) Classical
2) with pulmonary involvement
3] Microscopic
Affects visceral arterles
Site of ischaemia
Visceral and nerves
Structural change
Medial necrosis with scarring Elastic always destroyed
Intimal fibrosis and thrombosis Veins often involved
Heavy cellular infiltration
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Ezxperimental Atheroma
Sir HOWARD FLOREY

I have been asked to Speak on experamental atheroma and
I suppose that what 1s required is something about how lesions
resembling atheroma in man can be produced in animals ¥hy do
we go to the trouble of trying to produce lesions in animals
when they are unfortunately so admirably and frequently displayed
in man? At the present time we can do a number of experiments
on man for example by employing the methods elaborated by
chemists and blochemists it is possible to follow the level of
cholesterol and other 1iplds in the blaod to determine the
effect of sex hormones on this level to observe the effects of
unsaturated fatty acids and 5o on  Vhy then do we need an
animal with atheromatous lesions I think the short answer 1s
that we cannot vary the diet and other environmental facters of
man in a completely uninhibited fashion and there is from the
experimental point of view the regrettable feature that it {s
not possible to kill our subject at any given moment o we
fall back on animals and as is true for most chronic diseases
1t has proved difficult to reproduce in an animal a lesion which
everyone acrepts as being exactly similar to that which occurs
naturally in man The literature on the work done on anirals
4s vast and there are many extensive and competent reviews on
this subject {Anitachkow 1933 Hueper 1944 1945 Duff and
McMillan 1951) This morning I shall only be able to pick out
a few points from this vast array of data - points which I
personally think are important and possibly of interest to you

The experiments which are most widely known and whick so
far have had most influence on ways of considering the pathogene-
sis of atheroma in man are those dating from the work of
Ignatovsky in 1908 He found that rabbits fed what he thought
was a protein-rich diet developed lesions in the aorta It was
shown by Anitschkow and Chalatoff in 1912 and 1913 that athero
matous leslons could be produced in rabbits by feeding large
quantities of cholesterol independently of protein

The rabbit a herbivorous animal normally has a low level
of cholesterol in the blood but if it is fed cholesterol
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dissolved in ofl or mixed with its food in other ways it
quickly develops very high cholesterol levels in the blood and
macroscopically visible atheromatous lesions in the aortic
intima follow in & matter of a month or s¢

The lesions that appear particularly in the thoracic aorta
are characterized by the early accumulation of 1lipids in the
subendothelial tissue

How does the fatty material reach the intima® Does it
pass through or between the endothelial cells or is it carried
in by mobile cells? Perhaps it might interest you to see two
electron micrographs of the intima of the rabbit which enable
one to visualize it more clearly than is possible with more
usual methods {see Flgures 1 and 2)

During cholesterol feeding more and more cells collect in
the space between the endothelium and the internsl elastic
lamina  Anttschkow thought that the endothelium was not involved
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endothelial cell on the urfac in some of which nuclel can be
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fibres betweenIL and E The fine dots 2 collag n fibril  SM
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F pur 2 Normal rabbtaorta Th 1 tte g m ans the same ae
for F g 1 Inthis specimen a cell {A) canbe e ninte pos d
between the endoth lium and th 1nt rnal elastic lamina Mag X
10 500

1n this process but recently Poole Sanders and I {1959) have
been able to show that in fact the endothelium takes up sudano-
phil material

This observation has been amplified by Parker (1960) wao
has demonatrated that in the cholesterolaemic rabbit "caps®
probably composed of protein and 1ipid are seen to be applied
to some of the endothelisl cells of the coronary arteriea
Small projections from these caps appear to be entering little
caveolae on the surface of the cell which are then supposed to
be nipped off thus enclosing the 1ipid within the cytoplasn
de has also demonstrated some large vesicles probably caused
by lipid accumulation in the endothelial cells

There is then good evidence that in this form of experi-
mental the helial cells are in the
process I mention this because as far as buman lesions are
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congerned, I belfeve that very little attention has as yet been
paid to the possibility that initial lesions may occur in the
endothelium Possibly macrophages are imvolved in the transport
of 1ipid into the intima Leary in particular believes that
the collection of macrophsges in experimental atheroma i1s a
collection of cella which have arrived there from the blood
stream This may be posaible, as we have seen macrophages on
the surfaces of rabbit plagues and between endothelial cells
but it is not known in shich direction they are moving (Poole

et a1 1959}

Other changes were obderved by Dr Parker in cholesterol
fed rabbits He observed very early changes in parts of the
internal elastie lamina which appeared to swell up and to alter
its appearance This change could occur within 24 to 48 hours
of the institution of acute lipaemia

With the passage of time the lesions in the rabbit provided
the diet is continued increase in size the amount of fibrous
tissue increases the internal elastic lamina breaks up and
some of the fat is liberated from macrophages to form a pool of
free fat at the base of the lesion There may be calcification
in this, but at no time {a there any ulceration such as occurs
in the human lesion nor has thrombosis been observed either in
the aorta or in the coronary vessels Lesions are not found in
cerebral vessels

There is another substantial difference also from the human
disease and that is that in the rabbit not only is the choles-
terol deposited in the walls of the aorta and coronary veasels
but 1t also accumulates in large amounts in certain organs
particularly the liver and spleen

The main point then 1s that from the cbservations on
rabbits subjected to dietary manipulation lesions can be
produced in the sorta and coronary vessels which bear a con-
siderable resemblance to the lesions of man though they are not
identical

It has alao been found that lesicns can be produced in

by feeding cholesterol and a great deal of work has
been done on chicken atheroma Again the lesions are assoclated
with a high blood cholesterol consequent on the feeding of large
arounts of cholesterol in the diet Such chickens have been
subjected to many experimental procedures which I shall not have
time to mention here There 1s a monograph on the subject (Katz
and Stazler 1953)

Until relatively recently it had not proved possible to
produce aimilar atheromatous changes by feeding diets rich in
choleaterol to such an animal as the dog but Steiner Kendall
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and Bevans {1949) discovered that changes could be produced in
the intima of dogs if they were fed a diet high in cholesterol
after having had their thyroid function depressed by the adminis-
tration of thiouracil You will recall that athercma is apt to
be much more marked than usual in myxobdematous persons

Intimal lesions have also been produced in Cebus menkeys
by feeding a cholesterol-rich diet in which there was a lack of
the amino acid methionine (Mann Andrus McNally and Stare
1953)  All these changes have as their root the feeding of
excessive amounts of cholesterol

Quite recently it has been shown that it is possible to
produce athercmatous lesiona in rabbits without feeding an
excess of cholesterol and indeed on a fat-free diet Malmros
and Wwigand {1959) gave rabbits a semi-synthetic diet which
contained little or no fat They noted that there was a very
steep rise in the blood cholesterol which is normally well
below 50 mg per cent What might be of interest to human
pathology is that on this diet which produces a high level of
blood cholesterol a dramatic charige was caused by adding to
the diet oils rich in poly-unsaturated fatty acids the acids
which some people like to call essential fatty acids It may
be that this experimental work on rabbits will be of very con-
siderable significance in assessing the possible role of a lack
of poly-unsaturated acids in the diet in the genesis of human
lesions

Rinehart and Greenberg {1951} have shown that pyridoxine
deficiency in monkeys will result in atheroma-like changes in
the sorta The changes are characterised particularly by the
accumulation of wiich stain m cally
with toluidine blue

Although these lesions can be produced in monkeys by the
deprivation of pyridoxine there is no evidence that they have
any relationship to the lesion which occurs in man for it fs
improbable that man frequently suffers from a sufficlent degree
of pyridoxine deficlency

I should like to mention another line of work Recently
a very interesting paper was published by Clarkson Prichard
Netsky and Lofland {1959) on a naturally occurring atheroma in
pigeons The lesions which they describe and which they figure
are almost if not quite indistinguishable from those occurring
in man They are apparently real stheromatous lesions with
aceunulation of cholesterol and macrophsges fibrous tissue and
all the rest The particularly interesting thing about this
natural athercma is that it is not produced by dietary manipu-
lation The pigeons were fed solely on various gralns It has
‘been found that only certain strains of pigeon are subject to
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this form of atheroma whereas pigeons fed on the same dieta
but of different atrains seemed to be quite immune The inves~
tigations, which are now no doubt being actively pursued in the
United States have clearly shown that there is no sex differen-
tiation in the liability of the pigecns to contract atheroma
It is apparently entirely genetically controlled and it does
not appear to be associated with dietary facters The future
will show whether this lesfon in pigeons can throw light on the
development of the human lesion

There are other possibilities in the investigation of what
might be called naturally occurring atheroma Lesions have been
described in a very large number of wild and domestic animals
Recently we had an opportunity to examine in some detail part
of the vascular system of a pig which had been in the department
for over seven years during the last four of which it had been
consuming a diet which was rather poor in fatty material Never-
theless 1t had well marked atheromatous plaques in the aorta and
what perhaps is rather more interesting there were lesions in
the coronary and cerebral vessels These plaques were strikingly
similar to some lesions occurring in man

These observations perhaps make more significant those
reported by Rowsell Downle and Mustard (1958}, who kept young
pigs on varjous diets They found that atheromatous lesiona
were more prominent in the pigs fed butter than in those fed
margarine or no fatty supplement

Baboons also appear to develop atheroma and they are being
inveatigated but this animal is not very convenient to handle

It is clear from what I have said that I do not consider
that any of the experiments so far performed have given a clear
cut answer to the many problems posed by human atheroma but
what 1s I think quite apparent {s that it may now be possible
to elaborate observatlons made on man in a more comprehensive
manner on animals than is possible on man  Experimental
pathology must be very closely linked with experimental medicine,

and I think that the way i{s now fairly clear for such to be
possible

I #m indebted to Mr O W Jerrome for making the sections
for the electron micrographs and to Mr F Bradley for assistance
with photography
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Metabolism of Lipids in Relation to
Atheroma

G ] POPJAK

The hypothesis that a correlation exists between the
pathogenesis of atheroma and metabolism of lipids is worthy of
attention, (a) because the earliest lesion the pathologist sees
in atheroma is the accumulation of 1ipid material in intimal
cells and intimal thickenings (b} becauss of the greater
prevalence of atheroma in patients with disturbed 1ipid matabo-
1ism, particularly with a permanently elevated blood cholasterol
level  (c) because patients suffering from atherosclerosis
taken as a group have plasma 1ipid levels (especially plasma
cholesterol levels) higher than those not similarly afflicted
and {d) because the only means by which a lesion atimulating
human atheroma may be produced in experimental animals is the
induction of hypercholesterclaemis by dietary means Far be it
from me to say that a disturbance in 1ipid metabolism is the
aole cause of atheroma nevertheless an association between
athercma and 1ipids cannot be denied and appears to be the most
common thread linking the varied forms of this disease vogether

More specifically among the varjous subatances classed as
lipids cholesterol and {ts esters are the most highly favoured
suspects as being the villain of the plece This suspicion has
been harboured perhaps ever since Vogel established in 1843
the invarisble p of chol 1 in

h to leaions,
and was much strergthened by the production of experimental
atheroma in rabbits by Anitschkow and Kalatow at the beginning
of the century by the administration of a diet rich in
cholesterol

In stheromatous leslons 25 to 30 per cent of the dry
matter may consiat of lipids 75 to 80 per cent of which 42
sterol (mostly cholesterol) About two-thirds of the cholesterol
in atheroma is esterified with fatty acids and about one-third
is in the free form Elspath Smith (1959) reported recently
that there 1s also a characteristic change in the phospholipid
compositicn of atheromatous lesions of the human aorta  Whereas
in the lipids of normal sortic intima A5 to 50 per cent of the
total ipid 18 as 1in in
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atheromatous lesions as much as 80 per cent of the phospho-
1ipids 1s apparently sphingomyelin

I feel extremely reluctant to quote any figures beyord
these generalities as to the lipid composition of human

atheromatous lesions I have searched in vain for an account
in which the morphological appearances of the various athera-
matous lesions might have been correlated with data of blochemi-
cal analysis With the present-day methods of microanalysis
such investigation should be quite feasible and offers a good
scope for fruitful collaboration between the pathologist and
the biochemist

In spite of the enormous amount of research all we can
say at the moment 1s that there is an association between the
development of athercma and the metabolism of cholesterol but
as to the closer links no one can offer a hypothesis that might
be universally acceptable There are two main rival ideas
one contends that blood cholesterol associated with B ~lipoprotein
is the causative factor and the other seeks an explanation in
the metabolic activity of the arterial wall itself I would
like to discuss our present-d of
metabolism in relation to these two ideas and to point out
what measures might be at cur disposal to 1nfluence the develop-
ment of atheroma provided either of these two principal ideas
bear any relation to the truth

holesterol 1s an inter ng because it is
exclusively an animal product although there are substances
related to it in plants yeast and fungi none of the main
plant sterols such as ergosterol sitosterol etc which
carry a substituent chemical group on carbon atom 2 is
convertable by animals into cholesterol

As far as man is concerned cholesterol in the body is
derived from two sources one is endogenous synthesis and the
other is the diet  Although many tissues in the body are able
to synthesize cholesterol from the point of view of the origin
of plasma cholesterol we need to concern ourselves only with
the liver

From data obtained by the use of isotople tracers there
is & fairly unanimous agreement among the various inveatigatora
that approximately 1-1 5 g of cholesterol is manufactured daily
in an adult s liver the total cholesterol content of the organ
being 3-5 g Quantitatively the most important pathway for the
elimination of 1 1s {ts tran: into bile acids
the daily production of the latter being about O 8 g Much of
the bile acids secreted into the intestine is reabsorbed only
a small portion equivalent to the daily formation from choles-
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terol being lost in the stoola There is also an intestinal
elimination of cholesterol, the amounts of faecal sterols being
about 0 3-0 5 g /day Plasma cholesterol represents rather a
large pool and its turnover time 1s estimated to be 14-20 days
which means that approximately O 5 g of cholesterol moves cut
of the liver into the plasma each day All these figures add
up to a fairly good balance sheet the daily production being
about equal to the daily elimination This is so provided we
ignore the contribution from the diet which of course is
variable On a dlet which contains 2 eggs 5 ounces of meat
1 pint of milk and 1 ounce of butter our dally intake of
cholesterol may be as much as 1 g equivalent to more than
one-hall of the amount produced by the liver Clearly, an
accumulation of cholesterol in the body may result from a supply
greater than the elimination

I would like to examine now in general terms the possible
means at our disposal to decrease the accumulation of choles-
terol in the body
(1) Inhibition of absorption Generally there is an objfection
against the suggestion that dietary cholesterol might be respon~
sible for an increased plasma cholesterol level on grounds that
deliberate attempta to raise the concentration of plasma choles-
terol in man by choleaterol feeding have largely failed One
might quote in this context the experiment of Cook {Cook et al
1956} who 69¢g of 1 1 in the form of a dish
of 20 scrambled eggs and failed to observe an increase in his
plasma cholesterol in spite of the fact that 5 g of the "dose”
was absorbed One has to assume that these 5 g were deposited
in the tissues Perhaps the levela of cholesterol in the plasma
that we have come to regard as normal are in fact constantly
elevated owing to our regular consumption of cholesterol in the
diet That this is not too wild a suggestion is borne ocut by
the fact that a cholesterol-free diet or adminfatration of
substances which interfere with the absorption of cholesterol
usually lower blood cholesterol levels § -sitosterol a plant
stercl found most abundantly in soya bean has a structure very
simdlar to that of cholestersl except that it carries on the
side-chain In position 24 an ethyl substituent This sterol
1s hardly absorbed at all from the intestine nevertheless it
inhibits very much the absarption of choleaterol It prevents
in experimental animals the production of hyperlipaemia and
atheroma by cholesterol feeding and also lowers plasma choles
terol levels in man To achleve this rather large doses of
sitosterol 8-20 g /day have to be taken The cholesterol
Jowering action of sitosterol may be attributed to the inhibi-
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tion of the absorption not only of dietary choleaterol but

2lso of the absorption of ed into the lumen
of the intestine with the bile
(11) Increased elimination of 1 and_its breakdown

products  In spite of the possibility that the regular
consumption of cholesterol in the diet may be one of the factors
in the initiation of high plasma cholestercl levels and hence (?)
of atheroma the more generally held view is now that not ao
much dietary cholesterol but the nature of the fat in human
dlets 1s the responsible agent No doubt Dr Morris will deal
with this uspect of the problem in detail I might merely
summarize here briefly the results of world wide surveys which
showed very clearly that there was a very strong correlation
between the nature of dietary fat and (a) the incidence of
severe atheroma with clinical complications and (b) plasma
cholesterol levels In countries or in social groups within
a country where the consumption of the fat of land animals is
high there is a high incidence of severe atheroma and of its
clinical manifestations and also of high blood cholesterol
levels Conversely the consumption of liquid vegetable seed
fats favours the lower incidence of atheroma and of lower plasma
cholesterol levels {for review c¢f Bront®-Stewart 1958)
Furthermore it has been shown by carefully conducted experiments
on patients in as widely different centres as New York Cape
Town Ontario California and Sweden that fats which contain a
high percentage of saturated fatty acids raise plaswa choles-
terol and fats which are rich in fatty acids containing more
than one double bond lower the plasma cholesterol Now animal
fats usually contain less than 10 per cent whereas a number
of the vegetable seed fata may contain as much as 50-75 per
cent of these poly-unsaturated fatty acids

It has been a well recognized fact for many years now that
a large proportion of the fatty acids associated with esterified
cholesterol is usually of this highly unsaturated type Although
young growing snimals deprived in their diet of the poly-
unsaturated fatty acids develop a definite deficiency syndrome
which can be cured by linoleic and arachidonic acids it is a
matter of controversy whether any disease in man 1s attributable
to deficiency of these so-called essential “atty acids James
and Lovelock {1958} could not demonstrate a significant differ-
ence between the essential fatty acid content of plasma lipids
of normal patients and of those with clinical manifestations
of occlusive arterial disease On the other hand Dr Sinclair
informs me that a German group of workers (Schrade gt al )
reported recently at a meeting in Baden-Baden that they find a
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consistently lower content of essentlal fatty acids in the plasma
lipads of patients with coronary athercma than in the plasma

of matched controls lhatever might be the case iy is an
undeniable fact that fats rich in polyunsaturated fatty acids
decrease plasma cholesterol levels

Although the evidence on the question of the mode of action
of these highly unsaturated fats is far from complete data
reported from several laboratories show that the rate of
elimination of cholesterol and of its breakdown products is

11y iner during ingestion of pol
fats Lewls working at St George's Hospital London
{personal communication) found for example that cholesteryl
esters of the P -lipoproteins which were prepared from the blood
of animals fed a highly unsaturated vegetable fat in their
diet after intravenous injection to normal animals were
eliminated much faster than the cholesteryl esters obtained
from animals kept on a butter-fat diet The evidence suggests
that cholesterol esterified with polyunsaturated fatty acids
is metabolized faster than cholesterol esterified with saturated
fatty aclds
(11i) Inhibition of end synthesis of cholesterol The
blosyntheais of cholesterol is perhaps the most complex of zll
blosynthetic processes yet unravelled Through the work of
Bloch in the U S A  of Lynen in Cermany and of our own we have
come to realize that over twenty distinct enzymic reactlons are
involved in the formation of cholesterol (shown in an abbreviated
form in Figure 1)

Theoretically one could stop the formation of cholesterol
by interfering with any of these reactions One physioclogical
control appears to be between acetyl-coenzyme A and mevalonic
acid very likely between hydroxymethylglutaryl-coenzyme A and
mevalonic acid and the most probable point of actlion of some
hormones (e g of thyroxine) is the reduction of hydroxy-
methylglutaryl-CoA to mevalonic acid A few years ago phenyl
substituted fatty acids phenylacetic and X-diphenylylbutyric
acid, were introduced by Italian workers for the iphibition
of cholesterol sy 2  These have been ~laimed
to reduce plgsma cholesterol levels in patients on prolonged
edministration The mechanism of action of these compounds
seems to be an interference with the formation of acetyl-Cod
tecause of this property I feel that they are rather undesirable
antimetabolites and are likely to ba toxic Acetyl-Cod is a
vital intermediate not only in the synthesis of cholesterol tut
also in several very important petabolic pi and therefor
sprerfererce with its formation 1s most undesirable

There appears to be & new possibility now of a specific
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inhibition of the endogenous synthesis of cholesterol During
the last year we have found in my laboratory that some of the
tes in the bl of cholesterol namely

geranylepyr and farnesyl-pyr are alsoe
metabolized on an alternative pathway to the acids geranic and
farnesoic acld {trans-trans 3 7 ll-trimethyldodeca-2 6 10-
trienoic acid) These acids are not intermediates in the
biosynthesis of cholesterol On the contrary (a) they represent
a route for tne elimination of too high concentration of inter-
med:at s and {b} if present in sufficiently high concentration
they fnhibit cholestercl synthesis This inhibition is brought
about by an interference with mevalonic kinase the enzymé
responsible for the formation of S-phosphomevalonate {5-P« VA
<f Figure 1) and also by preventing the utilization of
farnesyl- and nerolidyl pyrophosphate for the synthesis of
squalene the latter being a near orecursor of cholesterol

It seemed therefore a logical step to test analogues of
these acids s possible inhibitors of cholestercl synthesis
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Ly colleagues Dr and Mrs J 1} Cornforth at the Kational
Institute for .ledical Research synthesized for me farnesoic
acid and its saturated enalogue 3 7 ll-trimethyldodecanoic
acid The Merck Sharp and Dohme Research Laboratories Rahway
New Jersey, U . A provided me with some further analogues
among which one the 3-hydroxy-3 7 ll-trimethyldedecanoic acid,
seems particularly likely to be of some use

The three acids mentioned farnescic acid and its two
analogues have been tested among other substances as inhibitors
of cholesterol synthesfs Until now only small amounts of
material were available for the tests, which were all done
in vitro with liver homogenates The results of Table 1 show

TABLE I

Inhibition of Cholestercl Synthesis from
2-14c_mevalonate in vitrs by Analogues of farnesole acid

Substance Concentration % Inhibition
(as K-salt) M
Dodecancate 10 No inhibition
Farnesoate [ 27 3
10 310
3 7 li-trimethyl 02 350
dodecanoate o4 54 0
10 100 0
3-hydroxy-3 7 l1a 02 2, 0
trimethyl~ 04 93 0
dodecanoate 10 100 O

that all three substances inhibited cholesterol synthesis ith
farnesolc acid the inhibition was moderate the two analogues
on the other hand cansed inhibitions at such low concentrations
that we are encouraged to test them in vive Unfortunately we
have obtained only a few days ago sufficient supplies of these
substances for experiments in whole animals therefore I am
unable to report further on their possidle usefulness

Interference with the absorption of cholestercl from the
intestine an enhancement of sterol elimination and an inhibi.
tion of of chol 1 are the three ways
in which at present we mirht decrea. th~ ¢ olw terol content
of the body and diminish the chances of development of atheroma
if the hypothesis that too much cholesterol in the body is
harmful is correct

I menticned at the beginning that another idea, championed
particularly by some American workers (e g Werthessen 1959
z4lversmit 1959} seeks an explanation in the metabolie
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activity of the arterial wall itself for the development of
atheroma It has been shown in several laboratories that
arterial walls e g the wall of the sorta are quite active
in synthesizing 1ipids particularly cholesterol amd phospha-
1ipids  ¥hether this metabolic activity is _ufficient for the
development of atheromatous deposits is not clear at present
However if the synthetic activity of arterial walls should
Pprove to attain pathological levels the use of specific inhi-
bitors of cholesterol biosynthesis might be aluo of value

This presentation of the possible correlation between lipid
metabolism and atheroma has been of necessity sketchy and
coloured by personal views and interests If I may I should
like to raise one last question If an interference with the
metabolism of cholesterol along the lines I discussed should
prove ultimately of value in inhibiting development of atheroma
at what perjed of an individual = life should such interference
begin? The feeding of highly unsaturated fat to patients with
coronary occlusion has become rather fashionatle but while
the treatment is not harmful I do not think that there is as
yet any evidence to show that such treatment helps the patient
during recovery from an acute occlusion or that it influences
the subsequent course of events I hold with those pathologists
who maintain that atherosclerosis develops in stages th=
earliest of these being the pure atheroma with 2t lapad
deposits th se earllest stages of the disease are more likely
to be reversible than the later ones I feel therefcre tr t
some form of treatment aiming at reduction of plasma lirid
levels should ccrmm nce Years before degenerative arterial
disease manifests itself clinically sn imrractical su. estion
of this sort could come only from a biochemist
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DISCUSSION

DR__RAE GILCHRISTs I find the pathology of arterial disease
unusually cowplex and difficult to understand It ecems to me
that eo much is confectur d and so much is still sp culative
that I would like to ask the pathologist 1s it fair to conclude
that vhat we are seeing in these beautiful alide which they
have hown u represents two proces es & diffuse deg nerative
proce s through the arterinl tree and secondly a local throm-
botic process? Profeasor Dible showed a b autiful slide and
emphasiz d the importance of int rnal thickening I would Ifke
to ask him - does he suppo e that the tertiary layer to which
he referred 1s th result of repeated A position of minor hr ds
of fibrin? It eems to me that you can go on with thi deg a Ta-
nvs process safely for years and years and them s mething

et rmin e the localized @ positlon of the occlu ive lesions
1 would like to a k him if he can offer us any explanation of
the localization of the plaque and is it in his opinion primarily
fibrin? The cond qu tion I wauld like to put 33 are th s
odd forms of arteritis Buerger s disea e giant cell arteritis
etc  reproduceable in the exp rimental animal and with what
results?

PRESIDENT: That seems to call for an answer first by Prof or
Dible and secandly by Profe sor Harrison

PROFESSOR DIBLE: I wag asked wheth r there are twa processes
= diffuse degeneration and a local thrombotic eme I think the
Svidence 3 ¥e I think the diffus degemeration if yom tan
csll it this 4is = change s o lated with s nescence Diffuse
degen ration is & thing we all have and 1t se ms to be inevi-
table The local le fon is which 1s
superimpased without any depr e of inevitability and ometimes
1t 1a of course impo ed upon an arterial wall which for all
practical purposes we must call normal The oth r thing I think
I was asked Tefers to the tertlary layer: is it a result of
repeated d position mnd 1y it made up of £ibrin? T think it
is & r sult of rep ated conth\uo\xs ac retion and I think a good

paTi pa su with an Accomilation of cells  Vhich comea bizst I am
not prepared to say I do not think we have suffi ient Informa-
tion

PROFESSOR FARRISON1 Giant cell art ritiss I mow of no publica-
Tion in which anyane has succ eded in reproducing enything that
Teally look 1ike it Poly-srteritis modo a1 in Rich and
Gregory » work snd in all ubsequent on a they get pretty

n ar the fine type of arterial diseas but I do mat think anyone
ha mansged to produc convincing lesions in larger arteries

Bu rger s dlsea ei th re have been & number of attempt and the
be t T know s that of Dr Sheikh in Cameron s laboratory

at Univ r ity College Mo pital bdut really mot v ry close I
think the enswer in twvo words 1a not yet

PROPESSOR M MICHAEL: I have enjoy ¢ this morning s pspers
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enormously I should like to ask have any of our dietinguished
pathologists got any views on the curious localisation of
atheroma in certain elective sites =pulmonary srteries lower
part of the sorta abdominal aorta particularly occlusive changes
which are singularly prone to develop in the femoral artery
{Hunter a canal) and of course the vessels supplying the brain?
In other parts the deposition of whatever it may be sesms to bo
#0 slight and s0 late

DR__OSBORN: I think the chenges of atheroma are so complex in
the adult that to understand them we have to go back to the
child If I might show you some slides of the beginning of the
atheromatous process in children it might help First of all
in the foetus and newborn we get a 1ot of mucold lesiona of
the great arteries of the aorta and its main branches Just
what they mean I have no idea The artery in this slide
1s & coronary srtery from a boy aged only seventeen who was
killed in a motor car accident and you will see that his main
left descending coronary artery is almost completsly occluded
When we go back to emaller children atill the firat lesions are
found to be en infiltration of mucinous substances and vitel-
loids I am not at all sure which comes first The supply of
material is not great and in =Y cases so far the micins and the
lipids h my is that these
come before there is any cell exudate ot a1l This alide shows
& higher view of this artery of a boy of seventeen and this
mctuslly has the accumulation of lipids and there are mucins
which we will show you in & minute and there is the last lesion
of the lot in the lumen a little mccumulation of fibrin on the
endotheliun This slide 1s stained with toluidine blue and is
somewhat similar to the one that Sir Howard Florey showed us
with purple staining muein shown near the lumen and again
running round the side but not pr sent in the lipid part in
the centre

If you do & trichreme stain you can generally appreciate
the extent of the vascularity of these lesions which you do not
appreciate otherwise Nov I do not know if you can distinguish
through that artery a lot of small capillaries but I feel
:un.a through looking at these in children that the haemorw
and se on are a late stage and that the fibrin part is
ot O orinary ot ail

PRESIDENT) Vould anybody like to enswer Professor McMichael s
Question on lecalisation?

PROFESSOR DIBLEI I do not think anyone knowa the snswer I

would aay that th. mcruud thickened layera er intima which
1 o be greatest
Tound the orifices of the intorcostal arteries vh-rc it 1s
known that atheroma occurs The other fact which always appeals

ship between ayphilitic
Everyone knows that the
arch of the sorta is not one of the sites of major Atheromatous
exchange but in syphilia where we have gross mlterations in
the medim snd also in the vass vasorum we get gross atheroma
t site Those sre two pointers but I do not know what

the complets snswer i3 May I say something about tho other
queations now?

I think the importance of the examination of changes in
children fs very great and I also agres with the sp aker that
sucinous change is often pre ent and I think ¢ y precede
cellulsr accumulations and that cellular -ccumuuuam are not
Snvarisbly aesocisted vith lipids I think that ons has to be
very sceptfcal mbout the interpretation of the capillaries in
these stheromatous plaqu ¢ It is so easy to get cleft that

re not cepillaries and to be led to believe that they are




DR__COWEN: Relating to Professor MeMichael point
I understand that with regard to tho carotid circulatfon the
lesion is nearly always on the internal carotid Ju t above the
Junction with the external carotid Do Professor Dihle and
Professor Harri on find thi area always? It is not at the
Junction but a little higher e&nd seems to be on the vessel
of higher pr ssur rather thsn one of lower pressure

The second question I would like to a k is for Dr Popjlak
I there any real explanation of the twa soTts of fat absorption
in man  the very interesting thoracic duct one - is that a que -
tlon of particle size only ns opposed to tle venous portal
blaod absorption of the other? It seems a vital point that
never seems to be very well explained

DR _POPJAK: I think that the primary pathway of absarption

1s via the thoracic duct and the ab orption via the portal vein
18 really negligible and can be demonstrated only for such
hort chain substances as tributyrin whi h are water soluble
¥e do not eat tributyrin which is a v ry highly artificisl

fat and I think the explonation 4s that one is water soluble
whereas the usual fate consum d are in fact not water soluble

BROPESSOR HARRISON: T do not know the en wer to the perticular
V#ssel mentioned but in the exp rim ntal Work whi h ha been
done on this nearly all points to the localizing factor being

2 local stretching stress on the wall I think that is the

7 arest quick anawer I can give

DR _TAYLOR:t Can Dr Popjak explain from the metmbolic point
Of view the striking predilection for thi disease in the male
Sex in humans? An incidence which is incilentally not borme ut
in experimentally prodiced atheroma in animals

DR_POPJAK) I cannot Sir Dr Oliver is going to deal with
that problem in detail tomorrow anyway

SIR HOVARD FLOREY; I did m ntion that there are quite a mwnb r
0f exp riments which show that if you damage arteries then it

1y very easy to make 1ipids a cumulate in them T om tt d s me
work of Waters which is a propo in this onne tion and that
1s if you give allylamine to dogs you can damag their coronary
arteries and if you then glve th m rath r high dose of variou
form of 1ipids you can g t lesions which look extr mely Like
Btheroma o that I should ay lo alisation in the la t analysis
1a probably a sociat d with some local damage

PRESIDENT; W have had a number of intereésting qu ations asked
Bnd if people have afterthought and wi hed th y rad a ked some-
thing elee they can do so in the intervals of lun h t a and
coffee



Formation of Artificial Thrombr in Vitro
) C F POOLE

The original users of the 0ld English word "clott"™ seem
to have meant much the same thing as did the ancient Greeks
when they used the word "thrombos ® At the present day
however the word clot 1s used to describe the structure formed
when blood solidifies in a glass teat-tube or some such con-
tainer and the word thrombus to describe a lump formed by the
deposition on the inside of the wall of a blood-vessel of solid

% 3_3

Figure ! Anatur Lthrombus H a dE x 1100
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material derived from the blood  There is of course an inter
mediate category of natural and artificial phenomena for which
neither word is really appropriate For example when blood
escapes from cut vessels and solidifies in a wound what should
ofie call the solid material which is formed: Again when blood
18 defibrinated by stirring it with a bunch of twigs or some
modern equivalent to a bunch of twigs how should one describe
the material which sticks to the twigs Fairly scon there may
be a need for a new set of words to describe this whole range
of objects composed of fibrin and formed elements of the blood
but just now 1t would only add to the existing rather sericus
confusion to invent new de criptive terms before a little more
13 known about what one 1s trying to describe

The important reason for making « distinction between a
Clot in a test-tube and a thrombus in a blood-vessel is that
their microscopical anpearances are very different Figure 1
show- a sectior through a typical natural thrombus which has
3 very elaborate str with a complicated arr of
rounded masses of platelet material forming a sort of laose
coralline structure The platelet masses are surrounded by
leu ocytes and fibrin and the interstices in the structure are
filled with red cells and more fabrin

Figure 2 shows a section through a blood-clot the appear
ance of which 13 quite different All the blood cells including
the platelets are distributed at random and none are
agglutinated

In practice the structure of a thrombus is often more
complicated still A thrombus in the body may consist of two
fairly wel) demarcated regy ns usually known as the white
head and the red tail of the thrombus The "white head
in such ca es has the structure just described with an elaborate
arrangement of ma ses of platalets fringed by leucocytes while
the red tail is made up of fibran and red cells with a few

scattered leucocytes Thus the structure of the red tail is
not unlike the structure of blood clot but they are not
dulte the same

Because of the morphological differences between a clot
and a throsbus it is obvious that studies of the mechanism
of blood ¢oagilation can at the best only help in the under-
standing of part of the m chamism of thrombosis and clearly
there can be no gu rantee that factars affecting clotting will
also affect thrombosis nor can it be assumed that factors
which do not influence clotting cannst have any influence on
thrombosis Consequently there exists at the moment a very
real n ed for e;}per)nentsl systems which will help to bridge
the very considerable gap in knowledge between clotting in a
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Figure 2 Abloodclot H and E x 1100

test-tube on the one hand and thrombosis in a blood-vessel on
the other In other words what 13 needed is an in-vitro
system which leads to the production of obfects which have the
morphological str e of a but are pr outside
the body Several such methods have been devised in the past
btut will not be reviewed here The experimental results
described in this comwunication were obtained by using a
modification of the technique described by Chandler (1953} .

Chandler tock & closed circular loop of plastic tubing
partly filled with blood and mounted it on a rotating turntable
30 that the blood was made in effect to flow round and round
the closed loop He found that when the blood eventually
solidified part of the solid material had the histological
structure of a throstus Chandler s observations were confirmed
It was also found that by taking greal care over joinins tha

e
® Chandler A B (1958) Llab Inveat 7 110
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ends of the loop of plastic tubing together 30 as to produce a
really smooth joint something is produced which resembles a
natural thrombus in its microscopical structure even more
closely The apparatus used in these studies s shown in
Flgure 3 Under these circumstances the blood does nov clot

Figure 3 Th appa atu usedinth s xpe ment

at all in the ordinary sense that is to say it never solidifies
completely Instead a small solid body forms just behind the
advancing edge of the column of blood and floata round with the
blood for an indefinite period This body when taken out and
tut into sections is found to have a histological structure very
similar to that of a natural thrombus Figure L shows a very
low power view of a sectlon through one of these artificial
thrombi The white head in the upper part of the fleld is
made up of rounded masses of platelers and leucocytes with red
cells and fibein in the interstices of the structure In the
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Figyre 4 Low power view of a section through part of an artificial
thrombus  showing the ‘white head {above) and part of the red
tail (below) H andE x45

lowsr part of the fleld ia part of the red tail which is mainly
composed of red cells and fibrin No details of the cellular
composition can be made out at this magnification but in
Figure 5 part of the "white head is shown in an ordinary low
power view and 1s seen to consist of platelet masses fringed
by leucocytes with areas containing red cells between them
while Figure 6 shows a more highly magnified field from a
similar section A comparison of Figure 6 with Figures 1 snd 2
{all three figures are at the same magnification) shows the
similarity of these bodies to a natural thrombus and their
difference from a blood clot

Becaude this technigue produces something which has a
structure similar to that of a natural thrombus it is reasonable
to suppose that the sequence of events leading up to the forma-
tion of ona of these artificlal thrombl is similar to the
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Sequence of events in natural thrombosis sand that it might be
lnuresc(mz to know how these artificial thrombi are tuilt up
The appearance of fislds such as are shown in Pigures 5 and 6
Suggests that the white head might have been built up by the
coalescence of a number of smaller roughly globular bodies
That this {3 30 can be confirmed as follows Xf the blood is
allowed to £1ow round the loop of plastic tubing for about a
minute only and fs then poured into a glass test~tubde {t clots
Tapidly and on sectioning the clot individusl platelet and
leucoeyte clumps are found imbedded in it (Figure 7)  These
Primary clumps later =atick together in smsll groups (Figure &)
and by the end of about two minutes all the primary eclumps have
united to form a single structure which is the "white head” of
the artificisl thrombus No further change takes place for
Several minutes more and then quite suddenly the red tail"
forns It seems to be complete in a matter of seconds end no
Obvious change takes place afterwards

f
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Figure 5 Partofth ‘whit head of anartificul thrombu
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Figure 6 A mor highly magnified view of partofa i 1d imil r
tofg ¢ x1100

Another method of observing the early stages in the forma
tion of these artificial thrombi has certain advantages Instead
of whole blood cell-rich plasma can be used This is obtained
by allowing citrated blood to sediment and pipetting off the
supernatant plasma which contains nearly all the platelets

and leucocytes but very few red cells In experiments with
whole blood it was found that there was no obvious difference
between using freshly drawn blood and using citrated bloed to
which calcium chloride solution was added at the beginning of
the experiment By using recalcified citrated cell rich plasma
inatead of whole blood an artificial thrombus is formed which
maer ically and micr 11y 13 similar to one obtained
with whole blood except that instead of a "red tail formed
from fitrin sn red cells there is a tail formed of fibrin

only The primsry clumps of platelets and leucocytes appesr
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in the same way as with whole blood and later stick together
to form a white head very like that which is obtained with
whole blood  The use of cell rich plasma has two advantages
First the preparation is sufficiently transparent for it to
be posaible to see the artificial thrombus growing Second
the early stages can be studied in film preparations Instead
of pouring the contents of the plastic tube into a test-tube
and letting it clot as a solid lump 1t can be poured over a
glass alide and allowed to clot as a thin film which can be
stained a3 4f it were » blood film  Figure 8 1s a low power
View of one of these film preparations showing three of the
Primary clumps

Figures 9 and 10 show single primary c¢lumps at a higher
magnification They c¢learly consist of platelets and leucocytes

Fgu 71 Aprimary lumpof P e and ten o yee mbedd ¢
7 bioed clot H and E x 1500
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By examining many clumps such aa these it has been possible to
show that they consist of platelets, polymorphs and monocytes

but do not contain lymphocytes or red cells

It would be very

interesting to know what property platelets polymorpha and
monocytes possess that lymphocytes and red cells do not A
systematic study of the behaviour of other types of cell in

this experimental system might be rewarding
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Figure 8 The formed by the

Tasion of a number of primary clumps tmbedd d in blood clot

H and E x 1100

a few preliminary observations have been made on the incorpora-

tion of bacteria in these artificial thrombi

and indeed the

part played by bacteria in thrombosis may te of more than

acadenic interest Some bacteria are incorporated in the "white
head o©f an artificial thrombus while othera are not To study
the incorpsration one can use a heavy suspension of bacteris so
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that there are encugh to show up in a section Figure 11
{llustrates the incorporation of Staphylococcus aureus in the
same region as the leucocyte fringe around the platelet masses
Alternatively one csn use smaller numbers of bacteria end
incubate the specimen %0 that small colonies grow where each
bacterial cell was lodged Figure 12 shows a colony of
Streptococcus pyogenes again at the edge of a platelet mass

Figure 9 Low powes view of patt of a film p paration of clump of
PIat leis and leucocyt  Lei hman  tan x

Thus the stages in the formation of these artificial
thrombl are as follows Firstly clumps of platelets surrounded
by polymorphs and monocytes develop Secondly these clumps
stick together to form a single loosely packed body which may
be provisionally called the "white head of the artificial

thrombus Tnirdly & red tail" of fibrin and red cells appesrs
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which surrounds the "white head™ fills the interstices in it
snd streams out behind it Two events in this sequence can be
tim d with reasonable precision These are (1) the firat

OGS ST N
b; -

Figure 10 Single clumps of platelets and Jeucocytes in a film
preparation Lefshm n  atain x 1300

appearance of the plstelet and leucocyte clumns and {2} t e
\unv. appearance of fitrin For normal humin blood clurping
Lecurs at about 1 minute snd fibrin formation at atout 5 minutes
These times under certain civ can vary 4 Iy
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as has been shown by a study of anticoagulants on the process

Two different anticoagulant procedures have been studied
heparin was added to blood or plasma in vitro and blood was
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F gure 11 Singl clump of plat lst and ! ucocyt o ina {Im
P paration Lei hmans tain x 110

obtained from rats which had been given large doses of vitamin A
In both cases the findings
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to produce a prothrombin deficlency
were simllar fibrin formation was delayed or suppressed com-



pletely depending on the magnitude of the anticoagulant effect
\buc cellular clumping was completely unaffected The primary
'clumps of platelets and leucocytes appeared at the normal time
and went on tc form a "white head of nommal structure It

i 12 Xn(orporlﬂono!Slaphylococcu aureu inthe white
Be 4 of an a tificial thrombus  Gra ain x 1440

may prove useful to take informaticn of this kird into con-
‘uidernlicn in assesaing the protable effects of anticoagulant
treatment on thro-tosis in man
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Thiombosis and Vascular Occlusion in
Vo

G PAYLING WRIGHT

Our knowledge of the incipieat and in many respects the
most critical phases of thrombosis may with fairness be said
to have originated from the studies of Bizzozero (1882) ard of
Eberth and Schimmelbusch during the eighties of the last century
the full account of which the latter recorded in their classical
monograph of 1888  All three were picneers in that they
approached the questicn dynamically abandoning exclusively
histological methods and developing an experimental technique
which allowed living blood vessels both normal and traumatized
to be examined for hours in the field of the microscope In
this way they were able to follow hour by hour the changes
that took place both in the affected vessel itself and in the
blood as it passed the site of injury Their observations
which have sinte been fully tonfirmed by the objective methods
of continuous tire-lapse cinematography have since so dominated
our ideas on thrombosis that they may with profit te briefly
recalled as a starting-point this morning

It is noteworthy in passing that even if their experimental
conditions seemed apparently favourable Eberth and Schimmelbusch
found i1t by no means easy to excite local thrombosis  But when
the technique 13 succeasful the first recognizable change iz
the acherence at the aite of infury of any platelets that are
drifting past in the almost clear layer of plasma next it In
time more platelets from passing blocd become added to those
already deposited until after an hour or more a finely granular
mass of these elements projects irregularly into the lumen of
the vessel Often especially when the blood stream is pulsatile
or rapié clumps of superficisl plateleta are torn away 200n to
be replaced by further depositions of the same kind In this
way a3 is besutifully displayed by cinematography phases of
growth and Tecession of an incipient throstus quickly follew
one another As a rule however particularly in veins where
the current 1s slow and pulseless the aggregation enlarges
until the platelet plague - initially & mural thrembus - comes
to close the 1u= n of the vessel a3 an occluding thrombus™
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and perhaps eventually to extend into some larger vessel as a
Ppropagating thrombus”

Although the adhesion of platelets at an injured site is
the first le stage in thrombus formation other blood
¢lements soon become incoerporated in the growing mass  Inter-
lacing strands of f{brin form between the platelet clumps
strengthening the mass mechanically and anchoring it more secure
1y at its aite of origin Leucocytes frequently and red cells
less often become trapped in clefts between the finger like
outgrowths of platelets as the mass enlarges From the relative
proportions of its ingredients - platelets fibrin leucocytes
and red cells in descending order - it is readily understandable
how the primary or so-called white head of the thrombus
should come to possess its distanctive colour

The studies of Eberth and Schimmelbusch opened the way to
at lesst two lines of enquiry that much concern us today
Firstly they directed attention to the need to examine those
changes in the endothelial lining of the cardiovascular system
that promote the deposition of a thrombus Secondly they
emphasized the need to know more of the structure and behaviour
of platelets and especially of alterations in their surface at
the time they adhere to the vessel wall and gradually conglutas
nate to form a potential nidus for a subsequent large occluding
thrombus  Although knowledge on both these aspects of thrombosis
has increased in recent years it still remains sadly ancomplete

hol

and is lilely to remain fragmentary untal exps P
gists apply appropriate technigues of surface physical chemistry
t0 the problem

Of the grosser lesions of large vessels such as those of
atherosclerosis where the intimal coat has suffered grave
disruption there 1s no need here for further comment My
remarks will be confin d to some evidence that even with minor
injuries - too insignificant to induce any conspicuous thanges
in the vascular endothelium ~ alterations may none the less take
Place in the intima that materially affect its normally blood-
element repellant character

It Seems possible that zome clue to the mature and location
of these initlating changes was provided by some observations
recarded by Chambers and Zw ifach {1940) Zome twenty years ago
They noticed that if small particles of carbon - much the same
Size as platelets - were introduced into the cirtulation any
minor injury to the wall of a small vessel led to their adhesion
to its surface This attachment took place particularly along
the lines of what used to be termed the cement substance that
1les between and supposedly holds together the delicate bevelled
edges of contigucus endothelial cells It seems that at these

56



sites some change can take place which perhaps by causing this
material to protrude above the surrounding surface perhaps by
making it more sticky renders 1t more able to trap any particles
that may be passing in the slowly moving plasmatic film of blood
in contact with it

This apparently promising line of investigation on injured
vascular intima has since been followed among others by
Samuels and Webster {1952} who employed a technique which
enabled them to remove intact the endothelial surface of &
segment of & large vessel In this way they could study
microscopically both the cells themselves and any foreign
elements that might have adhered to their surface They
found that as a result of some experimental injury even before
any discernible morphological changes occurred in the endothelial
cells platelets had become adherent to the lines of "cement
substance"™ in the same way as the carbon particles had done in
the experiments of Chambers and Zweifach Gradually additional
platelets settled near those first trapped and soon afterwards
traces of fibrin became recognizable round them Both processes
at firat tended to extend over the intima along the lines of
the intercellular cement

While we still have far to go before we understand fully
the nature of the changes in the intimal lining of damaged blood
vessels that prepare them for thrombosis it seems that an
advance has been made vhen a recognizable alteration has been
localized in the mucopoly h: "cement that lies
between the endothelial cells and unites them into a continuous
tube Should these changes be substantiated by further experi-
ments they would provide a valuable starting point for further
practical research

T shall now pass to the platelets and review very briefly
a few recent observations that may throw some light on their
participation in the formation of a thrombus There is now
ample evidence that in many of the circumstances in which
thrombosis occurs changes may be detected in these elements
which must be regarded as promoting its development In the
firat place the platelet count in the peripheral blood may
rise to doutle or treble that found in health Secondly the
newly emergent platelets which contribute to this rise appear
1ike all blood elements freshly relessed from the bone marrow
to lack some feature In their surface that givea them their
normally mutually repellent character These rises in the
nuzber and the stickiness of platelets are found very typically
during the few days that follow parturition or any mafor
surgical operation - both times and circumstances when thrombosis
1s notoriously lisble to supervene in the velrs of the legs
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The behaviour of platelets in the normal circulation long
proved very difficult to investigate One can only admire the
s¥111 and powers of observaticn of Osler (1874) and Bizzozero
(1882) when they first noticed the presence of platelets in
the normally circulating blood and so disposed of the earlier
supposition that they were merely artefacts that arose after
blood had been shed and allowed to clot In recent times
however high speed photography of small translucent blood
vessels has made it possible for Witte and Schracker (1958)
to amplify these older observations In rapidly streaming
blood as Bizzozero recorded platelets are rarely visible
for they are hidden within the column of red cells that form the
axial stream in such vessels Only when the current is
retarded do they emerge from this central core and become
recognizable in the film of plasma that l1es next the Vessel
wall  But as long as the endothelial cells were undamaged
Witte and Schricker never recorded the adherence of any
platelet to their surface The platelet and the endothelial
cell both retained their mutually rep llent character

The sequence of changes that take place in platelets
once they have become adherent to a surface has b en followed
by Braunsteiner and his colleagues in Vienna {Bransteiner
Fellinger and Pakesch 1954} When examined immediately after
the bleod had been collected and fixed in siliconed glass
tubes these elements present the typacal disc-like cnaracter
v1ich according to Bessis (1950} and others they possess
while in elrculation Under these natural conditions however
they are thicker than 300 my  so that it is not possible to
employ the electron microscope to disclose their internal
structure  But soon after they become attached to a wettable
surface they flatten and in consequ nce become amenable to
electron microscopy Many delicate pseudopodia can be seen to
sprout in all directions from their margins so that the formerly
discoid platelst now assumes a spider like appearance  Soon
the intervals between these pseudopodia become occupied by a
delicate web-like film of protoplasm which because of ius
relative translucency has been termed the hyaloplasm  Two
further developments quickly follow first small granules
become visible in the thinning substance of the platelet and
are seen ta collect more and more in its centre to form the
still opaque "pseudonucleus or granulomere and second the
Protoplasmic film whose outflowing has constituted the hyaloplasm
progressively disintegrates freeing small granules that corres-
pond in size with the microsomes of Claude

It seems likely that this dissolution of the hyaloplasm
leads to the release of some factor or factors that can promote
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coagulation for not only can these possibly microsomal granules
recoverable from such platelets by ultracentrifugation be shown
to possess the properties of thrombokinase (Braunsteiner 1951)
but the residual pseudonuclear remnant becomes rapidly the focus
of a radlating arrangement of fibrin crystals

This analysis of the changes undergone by the platelets
after their spreading on some surface suggests that their initial
adhesion 13 not primarily dependent upon the coagulation
mechanism for as Jurgens (1351} and others have shown it can
also take place in the presence of such effective natural
anticoagulants as heparin At the same time the prompt forma-
tion of a fibrin mantle round the vanished hyaloplasm together
with the persistence of the pseudonuclei as retraction centres
for the fibrin formed suggests strongly that cosgulation must
play a material part in the growth and subsequent mechanical
strengthening of any large mass of white thrombus

If the same sequence of changes takes place within the
blood vessels as occurs during the examination of platelets
by electron microscopy it would seem that the succeasive events
in the initlation of an intravascular thrombus can bs summarized
as follows First 1s the intimal probably endothelial cell
change which s Samuels and Yebster have pointed out may be
too uous to be r 1zed by the usual histological
techniques Second comea the adherence of platelets to the
intercellular "cement substance™ in the length of vesssl
affected Third is their swelling and the release of thrombo=
kinase following the dissolution of their hyaloplasz Last
is the creation of the surrounding envelope of fibrin which is
capable not only of holding the platelet remnants more securely
topether bul also of adding to the size of the thrombus by
trapping white and red cells in its growing mass

The incentive in experimental pathology is the tracing of
the successive links in the often lengthy chain of charges that
develop in atructures as they become diseased for by so doing
it 1s hoped that some point of weakness may be identified In
practice our present knowledge of thrombosis allows us to do
1ittle more than try to break the chain that may end in
clinically grave sequelae by employing anticozgulents of various
kinds By their use we hope to 1imit the formation of fibrin
at critical sites in an early and potentislly growing thrombus
and permit natural fibrinolysins to bring about the solution
of auch as has already formed Thelr rationale aeex to depend
on the fact that while they cannot prevent the changes in the
endothelial cells and platelets that initiate the process of
throubosis they can lessen the asount of fibrin that may
sibsequently be formed From the practical standpoint it seems
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DISCUSSION

FRFSIDINT:  Thank you very m ch Profe sor Payling Wripht for
Fiving us a better nderstanding of some of these processes

You can see the 1dea b hind the morning starting with the
changes in the vessels and then poing on to the actual clatting
rocess The subjects of Dr Pool s an) Profossor I ylin,

Wripht s papera are now open for discusalon

DR__REYNFLL: There is a very widely held vie that a fall in
arterial pr ssure will predispose to thrombosis within arteries
and if this is true it is a matter of preat practical impor-
tance to those of 1 who try to do clini al medicine The only
evid nce that it ocecars that I have ever heard 4a in a few
1solated case reports of people who have devolop d thrombosis
on hypotensive therapy Theoretically £t is a 1ittl difficult
to see 1s it not? One can ee that if th re 1a a fall
cardiac output thare must be a r duction in volume flow throurh
some arteries end in th s arteri s you muse therefore have
either a reduction in lum n or a redu tion in velocity of flow
the result of either of these things mipht nossibly predi pos
to thromboals But do ven these considerations spply to th
coronary and cerebral circuits which are the on s that oncern
13 most b cause we know that in conditions like experimental
oligaemic shock the coronary And er bral flows tend to be
conserved at the expen o of oth T cir uita su h as akin miscle
and kidneys? I was wondering if either of the apeskers could
rive us sny good th oretical reasen why a fall in art rial
pressure ahould predi po e to thrombosi end any fa tual
evidence that per! ps it does?

PROFFSSOR PAYLTNC WRIGHT: T am quite iTe that Dr Reynoll f
ripht when he says that a fall in the arterial pre ure tloc
lead to thrombosis in the coronary circuit That I think ha
been shown fairly frequently by the 1se of hypoten lve drurs
It ha nlso been recorded after injiry where a great fall in
arterial bleod pres ure has taken pla ¢ I con only suppose
that in the case of the cer bral cir ulation n fall of th t
kind rust produce  slowing in th circulation

PROFPSSOR M MICHAFLs I wonder if I may ask a question? Is
h re any vid n ¢ that there is any differsnce in th throm-

bo inp process on the venou side a3 onjared with th art rial
side of the circulation? I mention this becau e not very lom
ago we had a clinical pathological confer nce on s pati nt ho
had thrombo-phlebitis migrans 8s a onsequ nce of carcinoma

of the pancres  and although there was An enorrous amount of

v nous thrombo is going on that particular patient who had Lots
of stheroma and narrowins of his corenary srtertes how d nothing
whatsoever going on on the erterl ! si «  ow 1 wond r viy

the difference?

PROFESSOR PAYLINC WRICHT: I h ve no -urrntlon to off r Tt
s on intere ting ob ervation this a sociation between pra r ntl

tumaul'l and thrombosis and I should have Yo Pht 1t one th t
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aight be followed up but I can offer no solution to this particu-
lar question So far as I know there is no differen e in the
mechanism of the two Experiments show that th development of
these finger-like processes in damaged walls of arteries end
veins sppear to follow exactly th seame our e

PROFLSSOR CRAWFORD: It has been shown by a b autiful techniqu
that one of Professor Duguld s assistants used that venous
enlothelium 1 a much more potent producer of fibrinolytic
substances  And 1t may be that 4n such an obaervation as
Professor McMichael mentioned there was a failure of the venous
fibrinolytie mechanism

DR__PAYLISS: Could I ask Dr Poole if he studi d where th fat
g0%s in his experimental thromui? Is ther any aggrepation of
lipids in any particular part of his clots?

DR__POOLEI No I have not done that yet It is on of th
large number of exp riments that I am hoping te do in the n ar
fature That 1s obviou ly an important Doint worthy of

investigation

PRESIDENT:  This morning has bcen larpely a morning of tte

exp rimental pathologi t thi aft rnoon will be very
consideribly an after: con ror the clinician b t I hope that we
are both interest 1 in ea h oth r way of thought
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Extracramual Arterial Disease
E C HUTCHINSON

This communication 1s devoted to the clinical aspects of
cerebral ischaemia resulting from extracranisl arterial disease
and by extracranial is meant those portions of the carotid and
vertebral arteries which lie between the mediastinum snd the dura
The elinical material is drawn in the main from a series of 100
patients who came to post mortem in circumstances where it was
thought that cerebral ischaemia was directly responsible for
death or played a part in the final iliness The investigation
was carried out in conjunction with 2 colleague Dr Yates and
we have already descrabed the methods of examining the brain
and the vaseular tree (Hutchinsan and Yates 1356 and 1957)  The
methad involves injection of the brain with a radio opaque
substance through the vessels in the neck and then the later
remaval of the cervical spine with the carotid and vertebral
arteries in aitu - a technique which permivs detailed dissection

The terms occlusion and stenosis of vessela will be used V7
shen referring_to extracranial arterial diseass Occlusion is
of course self-explanatory By stenosis will always be meant
reduction of the cross-sectional area of the Jumen of the Vessel
by_one half or more

In the patients examined at post mortem disease of th
caretid and the vertebral arteries was encountered twice as often
as disease of the intracerebral vessels One thir. of tne
Patlents coming to post mortem died s a direct result of
cerebral {nfarction and in only one half of these w s an
occluded vessel found within the skull In the other half
Stenosis or ocplusion of either the carotid and the vertebral
arterles was responsible

Where the atheroma was confined to the carotid system alone
only a third of the patients developed infarction of the brain
This 1s not surprising since surgeons have been ligating the
carotid artery with relative impunity for over a century In
fact our patients often showed at post mortem an extension of
the_throubosis from the carotid artery in the neck directly
1nto_the_middle cerebral mrtery within the skull ~ this efosely




simulating middle cerebral thrombosis  Further clinical diffi-
culties may arise when the infarcted brain becomes so oedematous
as to cause a rise of intracranial pressure (Clarke and Harris
1958) The papilloedema which may develop under these circum-
stances coupled with the focal signs of a vascular lesion,
makes the differentiation from intracranial tumour difficult
without anglography

The most common arterial leslon was stenosis or occlusion
of both the carotid and the vertebral arteries and it is in
this group that the typical history implicit in the diagnosis
of internal carotid thrombosis was encountered If against
the background of a progressive neurological lesion the history
of staccato short-lived epi.odes is coupled with monocular
impafrment of vision and diminished carotid pulsation or a
systolic bruit in the neck then the diagnosis of carotid artery
disease hardly needs the confirmation of angiography But often
the clinical diagnosis is by no means so easy fental changes
for example may dominate the clinical picture from beginning to
end Perhaps too the avallable history may not emphasise the
intermittent nature of the symptoms 30 that the clianical picture
may be one of a steadily progressive lesion of one or other
cerebral hemisphere and ocular symptoms or abnormality in the
cervical vessels to palpation or to auscultation may be lacking
In these circumstances angiography is essential to demonstrate
the true nature of the underlying lesion

e know that stenosis of the carotid and vertebral arteries
may be present without aymptoms provided that the mean arterial
blood pressure is adequate to maintain the cerebral blood flow
However any clinical episode leading to sudden hypotension may
dramatically reveal the presence of such a lesion The hypo-
tension may have any cause and haematemesis coronary occlusion
and post-operative shock were all encountered at different
times Either the patlent may unexpectedly lose conscicusness
and die in coma following the episode of hypotensioen or if he
survives transient or permanent neurological signs may be
apparent  The pattern of infarction of the brain in the fatal
cases may be quite characteristic with asymme rical cerebellar
infarcts cccurring in assoclation with infarcts ef the cerebral
hemispheres

The vertebral artery throush the basilar and posterior
cerebral arteries supplles the occipital lobes the cerebellum
and the brain stem In this series occlusion within the
vertebral arterial system occurred three times more frequently
in the neck than in its branches within the skull In 2 of the
7 cases where vertebral artery occlusion was the sole manifes-
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tation of cerebral vasruler divease the train wa® infarcted in
an area ultimately dependent upon the vertebrsl supply &
further 14 cases have been gathered either frum personal
records  from eolleagues or from the literature (Adams 1954
Duffy end Jacods 1958} In all a total of 1€ patients each
of wnom cave to post mortem with areas of infarction in the
oceipital Jobes the cerebellum and the brain stem caused by
otcluston of the vertebral artery

The ischaemia so produced lezds to two characteristic
clinical syndromes one difficult and one relatively zasy to
diagnose The distinctlon bstween the two 1s made on the basis
of clinical histories The first greup contains those patvients
who presented with an acute neuralogical leajon and Qied in
their first {llmeas and the second those patients who experienced
transient neurological episodes prior to the final fatal illness
There were 7 patients in the farst group and 5 died in coma in
the first 24 hours The other 2 survived in coma for 4 days
&nd 2 weeks respectively  Seen in coma for the first time it
1s difficult to differeatiate the lesion from any other form
Bf mcute ceredral vascular disease but the 1oss of consciousness
may Be slow in developing and in these a dlagnoals of brain atem
ischsemia may be relatively easy

An example typical of this group 13 a man of 69 who way
admitted to hospital with vertigo and vamiting of sudden onset
There was ¢ low but steady deterioration in his condition over
four days and on admizsion te nospiial drowsiness dysphagla
and dysarthria were p: signs on of the central
nervous aystem revealed a well marked nystagmus left facial
weakness and a left sided Horner g syndrome  These signs were
naved together with bilateral extensor plantar responses and
2 Blocd preasure of 150/100 complened the climical abnormalities
The patient died in coma the day after admission At post mortem
there was an infarction of the medulis and also ischaemic areas
throughout the pons  In the left cerebelium there was an lufarcy
at the Juncsion of the territories of the posterier inferzor
tereteller prd superior cerebellar arteries  The left vertebral
artery was occluded within the vertebral canal at the level of
the Leh gervical yertsbra and equally lmporstant was the fact
that the left wertebral artery was two and a nalf tlmes tre size
of the right The rest of the cerebral vascular tree was free
of any significant arterial disease

There were © pstients in the secord group whie gave & history
of neurolegscal symptoms pricr to the final fatal episode In
< patients the hemiplepia occurred &4 yesrs previously and
recovered completely Yot in the remairing patients these
episades gecurred oves a reriod of 12 months prior to death




As one might anticipate from the anatomical origin of these
symptoms there was no single clinical pattern Unilateral
sensory disturbances were noted vertigo ataxia of the limbs,
drowsiness and confusion were all present at different times
but in the main these episodes were short-lived and left no
residual signs In the patient described by Adams {1954) the
episodes occurred at least fifty times before death and often
as frequently as three times a day Disturbances of vision were
noted in these patients but it was difficult to be sure whether
these disturbances originated in the brain stem or in the occi-
pital cortex The difficulties arose from the fact that by
chance those complaining of disturbances of vision were unable
to cooperate to a degree shich would make assessment of the
visual fields possible It is only mentioned here since one
wonders in view of the fact that three of these cases showed
occipital infarction at the post mortem whether or not when
a final clinical picture is drawn the syndrome of bilateral
occlusion of the posterior cerebral arteries may not be included
within it as Symonds and Mackenzie {1957) have suggested

The various symptoms and signs which were encountered in
the final episodes in these 16 patients are given (Table I)

Table T
and_Signs in 1€ Patients

Presenting in coma 5

Pyramidal signs 16
{Bilatersl in 10}

Ccular signs 9

Unequal pupils 3
6th nerve palay 1
prd nerve palsy 1

}ysatagmus
Dysarthria 7
Dysphagia 3
Facial palsy 6
(4 huclenr in 3)
Sensory 1 &
(mther unill:eral or bilateral)
tigo 3
(o vomiting}
Ceafness 2
(Unilateral)
Palatal palsy 1
Horner s ayndrome 1
bental confusion 2
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The lengthy 1list contributes nothing to the clinical diagnosis
but does serve to exphasise the wide variation in the signs
vhich may be encountered and as always tre combination of a
eranial nerve lesion coupled with lopg tract involvement is
characteristic of any brain stes lesion Attention is drawn
to the frequency of the ocular sbnormalities the frequency
of dysarthris and dysphagis and to the fact that involvement
of the pyramidal pathways either unilateral but most frequently
bilFEEFAT Was present in every case

A typical example of this group with an intermittent
history before the final illness is a man of 57 yeara of age
admitted to hospital complaining of headaches drowsiness and
vomiting of four days duration He had been operated on in
1945 for a mastolid infection and remained well untal 1957 when
he first complained of a tacks of vertigo [Despite the previous
history no adeguate aural cause could be found for these attacks
Suddenly in June 1959 one of his many attacks of vertigo and
vomiting was accompanied by severe bifrontal headache and he
became drowsy and confused over a period of 48 hours and was
then admitted to hospital On admission in addition to drowsi-
ness and mental confusion he was found to be mute  Unequal
Pupils were present together with a left facial palsy and a
right hemiplegia and a right sided sensory loss The precise
details of the sensory impairment could not be assessed in view
of the patient s inadequate cogperation He remained in this
state with minor fluctuations of consciousness for nearly two
and a half months before he died The essential findings at
post mortem were that there were bilateral occipital infarcts
in the calcarine fissure estimated to be of between two and
three montha duration but in addition to this there were
bilateral cerebellar infarcts in the distribution of the super-
for cerebellar artery Examination of the vascular tree showed
that there was some degree of atheroma in the internal carotid
arteries but this was not encreaching to any slgnificant degree
on the lumen of the vessel The posterior commnivating arteries
in this patient were extremely szmall a point worth noting aince
such an anatomical variant may well have an important part to
Play in the s ol this in certain
The left vertebral artery the smmaller of the two showed
stenosis at the level of the third cervical vertebra within the
wertebral canal and at the same level the right vertebral
artery the larger of the two was also occluded by an athero-
matous plague

With one exception the diseass affecting the vertetral
artery was atheroma and The tion wes a case
where changes in the artery were due to giant cell arteritis
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with the typical changes present in both the vertebral arteries
and the left temporal artery It is now well recognised that
the vertebtral arteries sre rarely equal in size In this series
the disease was bilateral in 2 patients but in § of the
remainder it was the larger vertebral artery that was occluded
by atheroma 1llustrating the important effect that such an
anatomlcal variation may have

The syrdromes we have discussed following occlusion of the
vertebral artery in the neck are of course very similar to those
of basilar artery stenosis and occlusion as they were defined
by Xubik and Adams {1946) Denny-Brown {1953) and Millican and
Siekert {1955) This is only natural since both arteries
ultimately supply the same territory in the brain However
these results show that vertebral artery occlusion is a good
deal more common than the syndrome of basilar artery occlusion
and also more common than the classical picture of posterior
inferior cerebellar artery thrombosis

There is one set of circumstances where the differentiation
between basilar artery and vertebral artery stenosis or occlusion
may reasonably be made Recently attention has been paid to the
neurological effects of occlusion of the major vessels of the
aortic arch Ye are here only concerned with the subclavian
artery from which the vertebral artery usually takes its origin
It is interesting to note that the patient described by
Brosdbent in 1875 under the heading of Absence of pulsation
in both radial arteries the vessels being full of blood
showed an anomalous origin of the vertebral artery the vessel
taking origin from the acrtic arch  In 5 cases of aubclavian
arterial stenosia and occlusion recently observed 3 developed
a sudden intracerebral lesion In 2 of these the clinical pic-
ture had all the hall-marks of a brain stem lesion and the
fact that this brain stem lesion was caused by occlusion of the
vertebral artery in asscciation with disease of the subclavian
artery has already been confirmed in one patient by post mortem
The combination of arterial insufficiency in an upper limb and
a brain stem vascular lesion produces of course a distinctive
clinical picture It is more important to recognise since
such a lesfon is apparently amenable to surgery

Thus far the discussion has centred round disease of the
vessel wall and mention should be made of an uncommon cause
of intermittent occlusion of the vertebral artery namely
osteo-arthritis of the neuro-central joint of the cervical
vertebrae The following pstient Is of interest in this
connectlon A man of L5 years of age suatained a fracture of
the cervical spine in 1957 As a result of his injury he had
a spastic weakness of the right arm but no other permanent

70



neurological signs A year after the fracture, plaster fixation
of the cervical spine was removed and from that time onwards

he complained of attacks of the following pattern He noted
that whenever he extended his head he complained of quite Severe
pain but vhenever he flexed the head his vision became blurred
and his legs gave way On examination the findings in the
right arm were as noted and with tae head in the narmal position
the ocular movements were full  Vhen the head was flexed the
patient developed a bilateral 6th nerve palsy and the left
plantar response became extensor The neurological abnormalities
lasted only a short period of time and then passed off and it
was presumed that this clearing of the neurological abnormalities
was due to a collateral circulation developing from the carotad
vessels through the posterlor communicating arteries To
appreciate the mechanism here one must remember the normal

course of the vertebral arteries and in particular their close
relationship to the neuro-central joints De Kleyn (1939}
demonatrated that rotation and extensicn of the head to one

side could obstruct the contralateral vertebtral artery At

POSt mortem 1t I8 possible to Show that the distortion of TR
Vertebral artery produced by disease of the neuro-central joint
may by movement of the head cause complete cbstruction of one

or other vertebral artery The X ray of the cervical spine af

th patient that we have described shows a considerable bony
abnormality in the region of the 5tn  6th and 7th cervical
vertebrae as an end result of the fracture It seems reasonable
to suppose that in this patient there is a marked degree of
distortion of the vertebral artery at its point of entry into

the vertebral canal and whenever the neck is flexed tnis depree |
of_distortion 3s increased to the point of complete obstruction

thus producing brain stem 1schaemia

Returning finally to the problem of atheroma there is no
foubt that the successful surgical attack on the extracranial
vascular lesions which has been initiated and maintained in
this country by Rob and his colleagues has given a quality of
urgency to early diagnosis of these patients Certainly what-
eV r may be the final conclusion as to the aetiology and treat-
ment of athero-aclerosis of extrseranial vascular disease the
surgical arproach would appear to hold ou most Promise to this
group of patients for the next d cade
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Radiological Investigation of Acute
Stroke

] W D BULL

One must first attempt to define what is weant by an acute
stroke This is not easy but I tentatively suggest the follow
ing - ™A patient who on clinical evidence has sustained a
cerebrovascular accident {including the great vessels of the
neck) not due to an rysm of mal £ "

Cver the last two years Dr John Marshall has been inves~
tigating an unselected series of acute strokes along these lines
¥e have now partially analysed the findings in the first eighty
such cases admitted to bis beds in Queen Square These eighty
Gases will be used as the main basis for discussion since they
have the advantage of being serial and unselected

In the radiological investigation four techniques are used
and some or all may be necessary in a given case
1 Plain x-rays
2 Angiography

{a) Carotid right and left

(b) Vertebral

{c) Oreat vessels to include origins of carotid and

vertebral arteries
3 Pneumography
4  Positive contrast ventriculography
ELATN X-RAY_EXAMINATION

In practice plain x-rays are seldom helpful but sometimes
they provide important clues to the diagnosis and should always
be taken

ANGIOGRAPHY

First we must consider the limitations of this method and
accept the fact that it {a a relatively crude procedure Dr
D H Tompsett of the Royal College of Surgeona has prepared
‘beautiful specimens of the cerebral vascular tree by injection
of a resin These specimens clearly show the vast vascular net~
work in far greater detall than can be demonstrated by any
anglogram It So happens that his apecimens are opaque to
x-rays and I have had the opportunity of taking radiographs of
some of them (Editor s Note Lantern slides were then shown
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indicating that radiographs cast shadows of only the larger
intra-cerabral arteries - and that an angiogram taken in 1ife
reveals considerably less vessels than a radiograph of Tompsett's
specimens }

In this series of 80 cases we performed anglograms on them
all - 78 carotid and 2 vertebras Table I shows the clinical
dlagnosis on admission together with the angiographic findings
Table II shows the angiographic breakdown 1In a few cases the

TABLE I
Anziographic Dlagnoses
®
o flel 8§
o ~|eBlal HEE|Rok
Clinical Diagnosis of ‘E‘ S Eel Sal5(5188
on Admission clinleal | SIS 58423 5|
Alagnoses| = [EQ <o|~0( @] g < [
N
Mid cerebral occl L1 29|® 6 (3
Ant  cerebral ocel 4 2l @
Int carotid occl 11 6[ 1
Basilar occlusion 4 1 1
Intracerebral haem 15 7| 2
Mid cerebral emb 5 11®
Total 80 wfalz 1

The circles round some of the figures indicate the cases in
which the angiographic disgnosis supported the clinical
impression

clinical picture progressed making a further anglographic
examination necessary and in one case thrze anglograms were
performed over a period of about two years Thus the figures
in the two tables are not quite identical

Various points emerged from these tables Firstly the
anglograms were grossly abnormal in L0 per cent of the cases
and in a further 4 cases the internal carotid artery was
pathologically narrow near its origin Secondly middle cerebral
occlusion was quite the commonest clinical diagnosis Thirdly
the clinical dlagnosis was often upset by the anglographic
findings and fourthly the cliniclans usvally found themselves
unable to differentiate middle cerebral from internal carotid
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TABLE 11

STROKES

Mo Abnormality Detected

Carotid L2 )
Vertebral 1) w
Vertebral failed 1)
Slight Abnormality Detected
SI1ight stenosis of internal carotid &L
Gross Abnormalities
Internal Carotid - Occlusion 1c
¥iddle Cerebral - Ccclusion 8
* Haemorrhage intraceretral 8
Anterior Cerebral -~ Occlusion
Basilar - Occlusion or Insufficiency 2
Anterior and Middle Cerebral - Occlusion 1
Tumour 1
Total B
One haemorrhage dary to aneurysm ~ both ¢
anglographically

arterial occlusion prior to angiography as Hutchinson and

Yates (1957) alse found

Analysis of Radiological Findings

Ho Atnormality Found There were 42 carotid 1 vertebral and

1 fatled vertebral angiogram where the findings were megative

In my opinion this group may be conaidered under the following

headings -

1 Dc lusion of relatively larger vessels

1f angiography was a less crude procedure or if our

interpretation was more skilled some of the so-called nor-
mals would probably be shown to be abrormal It is quite
possible for a large artery particularly one of the primary
branches of the middle cerebral artery to be occluded
without it being recognized on the angiogram Since the
normal arterial pattern varies so much from case to case
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it 4s difficult to atate whether a particular artery is
absent or has failed to fill, due to occlusion It is
even more difficult to detect the occlusion of a small
artery or arteries such as those supplying the internal
capsule for example
2 Atherosclerosis

It might be thought that by analogy with the great
vessels such as the aorta one could recognize athero-
sclerosis radiologically by observing (a) increased tor-
tuosity (b) variations in calibre of an artery or arteries
and {c) local irregularities in the walls fe have studied
these features objectively and found no correlation between
incidence of tortuosity and the known presence of cerebro-
vascular disease But in the case of calibre variation and
local irregularities in the walls such a positive correla
tion did exist although of course these features were not
confined solely to the stroke cases and were seen to a
lesser extent in controls of the same age Thus in fsola-
tion it cannot be taken as a diagnostic criterion

For the purposes of the present analysis we have
only considered those cases as "abnormal” where there was
some cbvious stenosis of the origin of the internal carotid
artery There were four such cases in the series one of
which is illustra in the

3 Intracerebral haemorrhage

One knows from experience gained by surgical colleagues
that a normal”™ angiogram supported even by a normal pneumo-
encephalogram does not exclude a quite large intracerebral
haematoma  McKissock Richardson and walsh (1959) have
recently shown that patients with negative angiograms and
ventriculograms may harbour significant intracerebral
haematomas  Although we are concerned here to-day with
occlusive cerebro-vascular disease clini al experience
shows that we cannot always differentiate occlusion fron
haemorrhage This becomes imrortant if anticoagulants
are to be prescribed

ation »

&4 The_Thoracic Portion of the Great Vessels
Hutchinson and Yates (1957] focussed attentfon on the
origin of the vertebral arteries where they left the sub-
clavian artery at the root of the neck Disease at this
site is not easy to demonstrats anglographically and such

————
* A demonstration was set up in the College illustrating
the varfous lesions found angiographically
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lesions may be present in association with a normal peri-
pheral cerebral arteriogram of the classical type
We have not yet developed an entirely satisfactory
radiographic technique for the demonstration of stenosis
or occlusion of the mouths of the vertebral arteries As
cormonly happens in any branch of medicine in such circum-
stances several methods have been advocated I will
briefly mention three of them -
(a) The method of Viallet and his colleagues This
in a rapid injection of a large
of contraat which opacifies all the main
vessels of the body It appears to give good results in
#mall children the usual indication being the lnvestigation
of congenital heart lesions The method is not n arly so
satisfactory 4n elderly adults and timing of the arraval
of the bolus of the contrast substance at the mouths of the
vertebral arteries is difficult Unless the timing is
accurate the radiograph is valueless
{b) Catheterisation of a variety of arterles has been
tried In my opinion none is entirely satisfactory
(c} Retrograde percutaneous subclavian angiography
(Morris, 1959) is probably the best method yet devised
but it carries the risk of a pneumothorax which is not
less than about 10 per cent even in skilled hands
The Grossly Abmormal Angiogram 1In this group consistung of 32
out of 80 cases {40 per cent ) the radfographic appearances
were unequivocal
The findinga may be sumarized as follows - Main vessel
occlusions were seen most often The classical sites for the
commonest ocelusions are (a) about 1 em fron the origin of
the internal carotid artery (10 cases mot all at the classical
site) and (b) about 1 em from the origin of the middle cerebral
artery (8 cases) The trifureation or bifurcation of the latter
vessel is usually sbous 2-3 cms from its origin varying from
patient to patient
Intracerebral haemorrhage was diagnosed in 8 cases
Strictly speaking it cannot be differentiated angiographically
from cedema or even an avascular tumour mass
Ocelusion of the anterior cerebral artery is much more
difficult to diagnose partly on account of the variable anatomy
of the circle of Willis The same argument applies to the
Posterlor cerebral arteries Our experience shows that meither
of these vessels becomes occluded nearly as frequently a3 the
widdle cerebral artery
Pasilar occlusion was diagnosed twice by carotid anglo-
graphy in the series The diagnosis was made on the grounds
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that the terminal portion of the basilar artery filled spon-
taneously from the carotid and that an identical appearance was
seen on three successive injections  Absolute confirmation if
required could be obtained by vertebral angiography a procedure
we were less anxious to undertake on patients with poor arteries
and in Marshall s series we tried as far as possible to limit
the angiographic investigation to one main vessel

The possibility of the presence of a cerebral tumour must
always be borne in mind Only one was found by anglography in
this series an astrocytoma of Grade IIT malignancy In spite
of the fact that this was a carefully studied clinical series
we have demonstrated a failure to make the distinction between
a stroke and a tumour Yhile it is probadble that the clinical
presentavion was in fact due to a vascular occlusion secondary
to & tumour yet the tumour was not detected Nor indeed was
it detected at the first angiographic examination performed just
after the stroke Deterioration in the patient s condition
prompted us to repeat the angiogram seven weeks later by which
time the tumour mass and its pathological circulation had become
apparent, radiographically

Per contra cases diagnosed as tumours are shown at
angiography to have no tumour but a major vessel occlusion

PNEUMOGRAPHY

It must be pointed out that in the above serles just dis-
cussed none of the cases was examined pneumographically since
surgical treatment was not contemplated in this group But
experience with neurosurgical colleagues particularly in Mr
dMcKissock 8 series has proved the value of pneumography
Intracerebral Haemorrhage

If in an acute case of stroke the angiecgram does not
confirm or exclude the presence of an intracerebral haemorrhage
pneumography may be necessary The following examples will I
hope make the indications more clear ~
A Positive Carotid Angiograms may be divided into four groups
1 In this group the site of the haemorrhage 1s clearly defined
anglographically This applies particularly to temporal lobe
haemorrhages but also less often to other sites In such cases
pneumography is redundant
2 Displacement of midline arterles and veins will indicate
awelling of the hemisphere but may give no accurate localising
aigns Ventriculography will frequently pinpoint the haematoma
3 idening of the so-called "U loop formed by ths anterior
and middle cerebral arteries in antero-posterior projection
suggests haemorrhage or oedema in the reglon of the basal ganglia
tut ventriculography may give further and more accurate data
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& The only positive feature may be a wide sweeping of a mid-
line anterior cerebral artery This sugge ts that hydrocephalus
ia present and that there may be a haemorrhage in the mid brain
andfor 4n the posterior fossa Ventriculography will usually
sattle the issue

B Negative Carotid Anglogpram A haemorrhage particularly
parietal may be present Indeed as already mentioned exper-
fence with hr Mckissock's large series of cases has shown that
Acmetimes a paristal haemarrhage is present when both the angio-
gram and pneumogram are negative

< Negative Carotid and Vertebral angiograms This does not
extlude a heemorrhage anywhere in the brain Ventriculography
will assist by demonstrating the absence or presence of deformity
of the ventricular system

POSITIVE CONTRAST VENTRICULOGRAPHY

This 13 neceasary on the rather infrequent occaslons when
P graphy gives an eq 1 result, particularly with regard
to the midbrain and posterior fessa The old maxin that masses
in the midbrain or posterior fosss alwaya cause hydrocephalus
should be forgotten as it is so often not trus When hydro-
tephalus 45 absent it is difficult to manipulste enough air
into the and fourth tricle to cast &n
shadow so that these structures may not be delineated In such
¢ircumstances about 2 cc of myodil can be introduced via the
ventriculographie burr hole into & lateral vemtricle the
tontrast sybatance being then manipulated under the fluorescent
screen into the appropriate ventricular chambers and x-rays sre
taken By this means midbrain pontine ecerebellar hemisphere
and vermls haemorrhsges may be demonstrated and differentiated
from one another
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Treatment of the Acute Stroke
I1—Intracerebral Surgery

W McKISSOCK

Over a period of years we have collscted a consecutive
serles of 2L, proven cases of primary intracerebral haemorrhage
after excluding all ¢ases of such haemorrhage due to trauma,
aneurysm angioma or Systemlc diseass We have also excluded
those patients with pontine or cerebellar haemorrhages as
these two latter conditions present different dlsgnostic and
therapeutic problems

The age incidence is shown in the accompanying table {Table
I) and it should be mentioned that the low incidence in the last

TABLE 1

Age in years 20-29 30-39 40-49 50-59 60-69 70 & over
Number of cases 6 15 59 g0 54 20

two groups is almost certainly due to selection at the level of
the admitting hospital, the very elderly probably being thought
unsuitable or too 111 for transfer and to the repid death of
many patients in their own homes before hospital admission could
be arranged

The sexes were egqually represented there being 124 males
and 120 females Of those upon whom full details concerning
the onset were available 58 were active shilst 60 were at rest
at the time of ictus

Hypertension was certajnly present in 152 patients but
equally certainly absent in 57

It i3 not proposed to enter here into the clinical aspect
of the patients save to state that purely clinical disgnosis
4s not sufficiently accurate and that ancillary methods of
fnvestigation are easential 1f the diagnoais of primary intra-
cersbral haemorrhage i3 to be relfed upon

Of the 244 cases in the seriss 12 died before surgical
treatment could be undertaken leaving 232 patients for
consideration
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The vertous methods of surgical treatment employed are
shown in Table 11

TABLE 1T

Yathods of Surgleal Treatnent Employed
for Primary Invracerebral Haemorrhage

Ventricular Tspping alcne g
Ventriculography alone j18
Burrhale Explaration and 104

Evacuation of Haematoma

Burrhale Aspiration of Haematoma o4
with subsequent Cranictomy
Craniotomy for Evacustion n
of Haemstoma

The follow-up period vartes from L ~ 10 years during which
time 31 of the original 102 survivors have died Irom the causes
1isted 4n the next table (Table II¥}

TABLE IXX

Results of Surgical Tresaiment

Fattonts DoNth®
Ventricular Tap alone g 9
Ventriculography alone Ak 11 {two improved but dled
Definitive Surgsry R R i e A

Improved by Surgery ih From further & V A
From other known causes
From unknown causes

18l o s

Unimproved by Surgery 17 From prugreaslen Gf di:tﬂ!ﬁ
Y SurE in periods of 1-3 m 30

From further € VA
From other known causes
From unknown tauses

|31 Peam
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Elght patients were lost in follow-up so that 63 remain for
assessment

Patients were considered to be "well"™ if they were able
to return to full normal employment minimally disabled” if
able to do light or part-time work moderately disabled if
unemployed and totally disabled" if unable to lead an indepen-
dent existence Table IV gives the figures for each of these
categories

TABLE IV

Well 25
Minimal Disability 14
Moderate Disability 18
Disabled 6

Our interest has naturally been centred on those features
which appear to influence the mortality rate and firstly it may
be said that age seems to be no bar to surgical treatment apart
from those falling into the "70 and over™ group (Table V)

TABLE V

Age in Years 20-29 [30-39 [ 40-49 | 50-59 | 60-69 | 70 & over

Ceaths 3 ? 30 53 E1Y 16 - 140

Total Cases 6 15 59 80 Sk 20 - 244

Mortality % Age | 50 45 [ 55 57 80

The situation of the haemorrhage however seems to be of
great significance for it can be seen from Table VI that the
deeply situated disruptive haemorrhages involving the internal
capsule basal ganglia and ventricular aystem even though small
in size carry a devastatingly high mortality rate

Hypertension is only significant in that those patients
with high blood pressure seem to be particularly prone to suffer
capsular haemorrhages for if these be subtracted, the death
rate in hypertensive and normotensive groups is the saze

The state of consciousness at the time of operation is
undoubtedly of great impartance We have divided the patients
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TABLE V1

p
2l g 7|3 3
3] 3 ] k1
a % ) o B
$] % il Z 2
- B g v u o
LA P $ly (£
-
IR R RE AR R AL
3 T g |- ] . 2 8!l a a
ElEIEIE 515 |E|51818
[ - - - I O R AR - B O
Towds |30 J17[ g fmlw] 71m 56 |10
Deaths 10 | 1o 3 {14 7 7 |2 52
Wopraldty | 3¢ sog| 332 | w7 | 377 | 2007 | sat ] 932 932 | 90%

fnto four grades of conscious level - "alert "drowsy
stuporose” and "comatose” There were 58 alert" patients
with a mortality of 23 per cent 98 drowsyl with a mortalicy
of 46 per cent 32 "stuporose” patients with a mortality of
75 per cent and of the 56 patients in coma all died

e have made an attempt to assess the value of different
forms of surgical treatment in relation to the varying deprees
of consciousness and again as Table VIT snows the death rate

TABLE VII
Burrhole Aspiration Alone
Alert 4l cases with 5 deaths - 21%
Drowsy 39 cases with 26 deaths - 66%
Stuporose 18 cases with 16 deaths - 907
Coma 23 cases with 23 deatts - 100"
Total prA w
and By don of Clot
Alert 13 cases wath O deaths - 0f
Drowsy 15 cases with 6 deaths - 40%
Stuporase 1 case with 1 death - 1007
Coma. 2 cases with 2 deaths - 1007
Total 31 3
Burrhole Aspiration followed by Craniotcmy
Alert 16 cases with 3 deaths - 19%
Drowsy 37 cases with 12 deaths - 32%
Stuporcze 16 cases with 8 deaths - 50
Coma L cases with L deatrs - 100%
Total yal




rises with diminishing degrees of conscious level

It will be seen that all forms of surgery in the "stuporose”
and "comatose™ groups have been singularly unsuccessful but that
elective craniotomy would seem the operation of cholce in the
"alert” patient

A 25 per cent total aurvival rate after 10 years with
tut 10 per cent of normal individuals and 5 per cent only
minimally disabled may seem a disappointing result but it must
be pointed out that no comparable series of cases of proven
primary intracerebral haemorrhages treated conservatively
exists for comparisen We have therefore embarked upon a
controlled clinical trial of surgical versus medical methods
of treatment which should within a year from the present time

provide a statistically significant answer to this pressing
problem



form of the arterial lesions in these patients It should be
stressed agaln as Ramsey Hunt did in 1914, that the lesions _
here are no different from those occurring in the limbs of
patients with atherosclercosis and that thrombosis of a large
extracranial artery is a common cause of clinical abnormalities
ip patients with cerebral atherosclerosis
The severity of symptoms in these patients depends upon
the efficiency of the collateral clirculation through the circle
of Willis when this is exceptionally good there may be only
minor transitory symptoms from even a bilateral occlusion of the
internal carotid arteries From the surgeon's point of view
these occlusicns may be partial or complete an arterial stenosis
or thrombosia The former are relatively easy to treat the
latter more difficult Clinically it may be impossible to
distinguish between a partial and a complete occlusion
Patients with either may have transitory attacks of sensory
or motor paralysis followed by complete normality patients
with either may develop a complete and permanent hemiplegia
Palpation of the carotid pulses is a confusing physical sign
and until recently arterlography or surgical exploration has
been the only sure method of making the diagnosis In our
experience of several thousand patients with occlusive arterial
\/ 8isease arterial auscultation has gradually emerged as & useful
physical sign and this is particularly so in patients with
stenosis of the carotid or vertebral arterles  Arteraography
here a3 elsewhere 43 not without risk iIn Some patients
auscultation makes it unnecessary If one listens with
stethoscope over the bifurcation of the common carotid
one can hear a systolic murmur in about € n
with a stenvsis at this site the nomal artery =4
1y oéluded vessel have mo_such purmur The
external carotid artery with a normal
exhibit a similar murmur and not require
of the origin of the vertebral artery ¢an
same way and in patients with both lesions
locations of the murmurs serve to d -
other Today I would be prepared to w
graphy on a patient with a murmur in the
taking inte account the other clinical fir
It 1s of interest to speculate as tc
vertebral stenosis produces symptoms
§llustrating some of the possible ways F
become a complete thrombosis Second )
the surface of the plaque of atheroma and
lumen of a stenosed artery but mot  Ffi~¢
complete thrombosis Third a
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Figure 2 F ve methods by wh ch a stenos & of an nternal carot &
artery ¢ o cause symptom A sixth method a change n i
general circulat on uchas a fallanth <a d ac output which may
¥ du e further the flow through a t noseda tery h amotd n
\lustrated (Reb C G Proc Roy Soc M d 1959 bycourt y
of the Honorary Edtors)

Plaque of atheroma and 1ift 1t up like a flap as the blood
clot organises the plaque drops back and the degree of sterosis
i3 reduced Fourth a portion of clot betomes detacted from
the atheromatous plague and an embolus results Fifth the
artery distal to a stencsls may go into spasm arnd sixth
some general charge in the circulation such 1s a reduction in
the cardiac output may reduce further the flow through a
Previously stenosed artery he have seen definite examples af
all the.e except for the fourth and fifth (Rob 19,97
Surgfcal Treatment

Previous attempts at the surglcal treatwent of ocelusions
of the internal carotid artery have included sympathectcmy and
arterectomy, both of which had little if any effect on the course
©f this disease Both the first succesaful arterial reconstruc-
tlon operation for this leaion {Eastcott Pickering and Rob



19.4) and the first report of a large series of operations (Rob
and Yheeler 1957 Rob, 1959) have been from St Mary's
Hospital Our experience as Tatle I shows is now of more
than 106 such operations and it is from this that the following
conclusions have been drawn

TABLE I

OPERATIVE RESULTS IN 206 PATIENTS vITH INTERNAL CAROTID ARTERY

0CCLUSION S
Post~Operative Course
Good Tempo-

TR | wo, o | flow |aoympr OMSF| wo | rary o

patients|estab- [tomatic hange|deterio-
adon 1ishe better ration
Partial
Hypo- 1% 82 54 15 1 ? 2
thermia
Lot 2 2 1 1
Complete 20 k 1 1 15 3
TOTALS 106 3 56 16 26 3 5

The first point fs that the results of surgery are much
better when the occlusion is partial Once the thrombosis has
become complete surgery as practised to date can only succeed
during the short period before irreversible cerebral damage
has occurred or the intracranial portion of the thrombosis has
become adherent so that arterial reconstructicn is no longer
possible  This means that clinicians should atterpt to diagnose
thess lesions before a complete thrombosis has occurred (Figure
3} Operation at this stage of arterial stenosis before throm-
bosis {8 0 a certain extent a prophylactic procedure but this
is in line with modern surgical thought on the treatment of
atheroscleroais at this and many other sites  As tvhe Table
showa 1t 13 nearly always possible to restore a good lumen
to a stenosed internal carotid artery

Apother point is the management of a patient with multiple
stenoses of say one vertebral and both internal carotid arteries
thilst it 13 possible to restere a normal flow through each
yessel and the theoretical advantages of having the brain
supplied by four main arteries instead of three or even two are
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Fgu e3 Apartalocclusion [the nt rnal a otdart ydu to
< plague of athe oma Note th w dg shaped plague tth o gn
of the nt nat arotda te y

obvious, 1t has been our experience that restoration of a normal
flow through the carotid arteries is usually sufficient although
vhen a vertebral artery alone is stencsed or the clinical
findings indicate vertebral srterial insufficiency then this
vessel should be reconstructed
Choice_of Operstion_and Techni

e have found that the beat procedure has been a thrombo-
endarterectomy and we have been able to use this operation on
Tore than 90 per cent of our patients The next most satis-
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factory has been the excision of the stenosed segment when short
and reconstruction with a direct end-to-end anastomosis  Only
in a small minority has it been necessary to restore continuity
with a blocd vessel graft or a plastic prosthesis For complete
occlusions no special precautions are necessary because the only
functioning artery to be clamped will be the external carotid
but we find that hyp mia is ¥y for the protection
of the brain when the artery is only stenosed We cool the
patient to 29°C or 30°C and find that this is sufficient
It 1s unusual for the period of arterial occlusjon to exceed
20 minutes
Results

Table I givea the early picture but as with all treatments
for lesions due to atherosclerosis early good results are not
difficult to obtain It is the late picture which counts
Fortunately our follow-up conducted by Dr Harold Edwards and
Dr Neil Gordon (1959) has shown satiafactory results Our
first patient operated on in 1954 at the age of 66 1s alive and
well aged 71 and this is fortunately the case with the majority
including some of those who have had severe neurological abror-
malitles before operation (Edwards and Rob 1956) The recurrent
thrombosis rate has been extremely low far an arterial recon-
struction procedure on vessels of this size this point interests
me greatly as a surgeon I believe the possible explanations
include - the fact that the atheromatous plaques are often well
localised that the distal arterial tree may be rewarkably
normal that the gperation 1a not technically difficult once
the initial experience has been gained and that the flow along
the internal carotid and vertebral arteries is rapid at all
times Post-operative long term anticoagulants have been
used in about half the patients I personally favour them the
maln indication for not using them in this series has been that
the physician concerned has held the opposite view
Congclusion

he believe that stenoses of the cervical portiens of the
internal carotid ard vertebral arteries of sufficient severity
to be diagnosed clinically should be treated surgically This
is to a certain extent a prophylactic procedure

Complete thrombosis of these arterl s could be treated in
the same way but it is rare for the diagnosis to be made in
time
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Treatment of the Acute Stroke
3—Medical

D A SHAW

The scope of medical treatment of the acute stroke remains
confined almost entirely to the general support of the patient
through the patural course of his illness The greateat value
of the research of recent years in cerebrovascular disease has
been its production of an awareness that it is a disease of the
young and middle-aged as well as of the elderly the prepon-
derance of the latter has in the past obscured the high
numerical incidence in the younger age groups and the high mor-
tality in the elderly has resulted in erroneous impressions of
the natural history of the disease Although therefore it
cannot be clalmed with the support of incontrovertible evidence
that any specific form of treatzent Influences beneficially the
cutcome of a atroke such attespts as have been made do underline
the necessity of applying the general measures available to us
with energy and judgment In the acute phase the probtlems are
those commuon to all unconscious severely 111 and incapacitated
patients such as the maintenance of fluid balance nutriticn
and pulmonary ventilation In the recovery phase however there
are problems peculiar to the patient who has had & stroke and a
dynamic approach to rehabilitation may greatly influence the
final degree of functional recovery

Turning to specific treatments which aim to modify the
intracranial lesion itself or its immediate effects on the
nervous system I think that the explanation of the almost
complete absence of success lies in the lack of fundamental
knowledge which is necessary to all rational hypothesis  Many
of the problems are of course comson to the whole field of
vascular disease tut we are dealing with a pecullarly complex
vascular system which 1s not readily amenable to physiological
experimentation in man and we are particularly handicapped by
the lack of a convenient method of measuring cerebral blood
flow Our theories of the pathogenesis of cerebrovascular
disorder are highly speculative in many instances and our ina-
bility to correlate clinical manifestations with pathological
processes renders all therapy somewhat empirical Perhaps the
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oy cutstanding weskness is our ¢linical inability vo distin-
gulsh with certainty two such grossly different pathologies as
infarction and haemorrhage and it is for this reason that terms
as unscientific as stroke " continue to be used

As we are at present concerned with occlusive vascular
dlsease it is proposed to discuss only those specific forms of
treatment which have been applied to clinical "strokes” which
we belfeve to be due to cerebral infarction The first of these
to gain any prominence was stellate ganglion block introduced
by Leriche and Fontaine in 1934  Although they and others
subsequently reparted striking benefit from this procedure
it was shown by Scheinberg (1950) that successful bilatersl
stellate block does not produce any change in cerebral blood
flow or cerebral vascular resistance

Hany vasodilator drugs have been used with the aim of
increasing cerebral blood flow but with the probable exception
of papaverine they are ineffective Some although producing
cerebral vasodilatation fail to affect blood flow because of
a colncldental hypotensive effect The most effective means
of increasing cerebral blood flow 1s the inhalation of 5 to 7
per cent carbon dloxide tut as Kety (1954] has suggested a
high tension of carbon dioxide must already result from the
ischaemla associated with acute infarction

Cortico-steroid therapy has been advocated by Russek
Russek and Zohman (1955) on the basis that it may inhibit
cellular reaction and thus reduce the cerebral cedema assoclated
with infarction However it 1s difficult to draw firm conclu-
sions from their uncontrolled series of thirty-five patients
It i3 not possible yet to make any assesament of the valus of
fibrinolytic enzymes which are atill in the experimental stage
in cerebrovascular occlusion

The establishuwent of the place of anticoagulant drugs
in the treatment of myocardial infarction has raised the question
as to their possible value in cerebral infarction and I think
that it is to thia form of therapy in particular that physicians
have looked with some hope Even in coronary disease these drugs
have shown a singular reluctance to yield to clinical appraisal
and our task is made particularly difficult i{n cerebrovascular
disease by the & e and ic uncer alreasy
Teferred to Many reports have been published particularly
in the United States on the use of anticoagulants in cerebro-
vaseular disease in many instances the.e¢ have been favourable
particularly with regard to carotid and vertebro-basilar disease
In this country Carter (1957 1959) has reported beneficial
effects in embolic infarction and also in non-embolie infarctien
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of gradual development HNe did not encounter the conversicn of
white vo red infarcts, under the influence of anticoagulants
that had been regarded as a serious hazard and that animyl
experiment had forecast

In view of the difficulty of assessing therapeutic results
in a condition of such unpredictable pattern it was felt that
anticoagulants should be tested on the basis of a strictly con-
trolled clinical trial and I wash to present the results of such
a trial recently undertaken It was decided to restrict the
trial to patients believed to be suffering from 3trokes" due
to non-embolic infarction as it is considered that embolic
infarction presents a separate problem in that the csrebrovas-
cular tree need not necessarily itself be inherently diseased
Furthermore it was decided to inclule the whole rangs of cases
commonly encountered in general medical practice rather than to
restrict the trial to subgroups in which diagnostic distinction
is so often uncertain
Trial procedure

The primary objective of the trial was to assess the
influence of anti lants on the immediave mortality byt in
addition any possible effects on late mortality or subsequent
recurrence were sought  All patients admitted to the trial were
under 70 years of age e aimed to start treatment aa soon as
possible after the onset of the attack but 72 hour$ was the
maximum interval permitted Following admission to hospital a
diagnosis was reached on the basis of history and physical
examination lumbar puncture principally to determine the
presence or absence of blood in the spinal fluid and cerebral
angiography of the appropriate vessel Patients who were found
to have blood in the spinal fluid were obviously excluded from
the trial as were those with severe hypertensive retinopathy or
left ventricular failure the latter because their condition
might demand the use of hypotensive therapy Peptic ulceration
or evidence of bleeding disease were likewise regarded as
contraindications

Patients accepted for the trial on the basis of these
criteria were then allotted by a randomisation table to one of
two groups, those to receive snticosgulant therapy and those to
act as controls  Obviously the decislon whether or not to
include thew fn the trial was taken without knowledge of tha
group to which they would be sllotted They were randomised in
pairs but were not differentiated by sex and no attempt was made
to match them on the basis of any particular feature of their
disease

The treated patients received an initlal dose of 300 mgms
phenindione (Dindevan} and, starting twelve hours after thelir
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angfogram they were given thrse doses of Heparin (12 500 units)
intravenoualy at six-hourly intervals We have found that,
earlier adninistration of Heparin is 1iable to result in bleeding
from the site of arterial puncture From the second day onwards
the dose of phenindione was regulated by dally prothrombin
estimations using the Quick one~stage test the prothrombin
tine being maintained between two and three times the control
Treataent was continued for three weeks and then gradually with-
drawn  Thers was uniformity in the nuraing and physiotherapy
in bath treated and control groups This is considered to be
of great importance in a condition where such complications as

. Ty on  pulmonary and electrolyte
imbalance can influence the mortality to a marked extent
Case maverial

Fifty-one patients wers admitted to the trial 26 in the

treatment group and 25 in the control They included 24 males
and 27 females with approximately even distribution of the
Sexes to the two groups Table I shows the age distribution in
decades It will be seen that 14 out of the total of 51 were
below the age of f£4fty The diagnoses based on clinical and
snglographic findings are given in Table II  Ten patients had

TABLE 1
AGE  DISTRIBUTION
AGE TREATHENT CONTROL TOTAL
30-39 2 H L
LO-19 7 3 10
50-59 13 9 22
60 €63 u 1 15
TOTAL 26 25 51
TABLE II
DIAGNOSIS
SITE OF OCCLUSION TREATMENT CONTROL TOTAL
MICDLE/Al TERICR
CEREBRAL B v 36
VERTEBRO-BASIIAR 3 3 7
INTERNAL CAROTID L Le 8
TOTAL 26 25 51

mean diastolic pressures of 110 mm Hg or above & in the
treatment group and 6 in the control
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Results

Because of the differing opinions and the conflicting
evidence both with regzard to the efficacy and the hazard of this
form of treatment it was desirable that results should be
subject to continucus analysis as they became available so that
the trial might be concluded as soon as a result was achieved
Classical significance tests are, of course, inapplicable when
a trial 1s analysed in this way and therefore it was decided to
adopt a sequential procedure ‘te are indebted to Dr Ammitage
for the statistical design of the trial which is embodied in
the sequential chart (Figure I} showing the results

RESTAICTED SEQUENTIAL PROCEDURE

N

mi e m

RTINS 5 0 Tob 1
. SN
- 8
[~
-
Figure 1
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As mentioned already patients were randomised in such a
way that each was paired with another patient in the opposite
group The present form of analysls takes cognizance of the
behaviour of pairs and it is only when their behaviour differs
that progreas of the trial is recorded That is to say that if
both members of a pair survive or both members die and six
weeks was taken as the perlod of observation for this assessment
no preference for treatment or control is revealed asd mo
progress is therefore plotted These are referred to as tled
pairs If on the other hand members of a pair behave
dissimilarly (untled pairs} then a preference is indicated
either for treatment or control according as to which member
survives

In this particular chart the number of untied pairs is
marked on the abscissa and the ordinate represents the number
of preferences for treatm nt minus the preferences for control
Positive values thus the sum prep of treatmen
preferences and minus values the number of control preferences
The progress of the plot is observed until one of the boundaries
is reached Reaching the upper boundary indicates a definite
preference for treatment and reaching the lower boundary a
definite preference for control £ either of the two middle
boundaries is reached then no significant difference exists
between treatment and control

In this instance the boundaries were set to allow the
detection of a 17 per cent difference between the mortality
rates in the two groups at a probability value of 0 97 That
is to say that if a difference of 17 per cent between the
mortality rates in the tWwo groups existed one would expect to
detect this difference on ninety-seven occasions out of a
hundred The design of the trial was such that the probability
of the result obtained be it positive or megative occurring
by chance was less than 5 per cent

The progress of the trial as indicated by the arrows
clearly shows a trend unf le to the antic lant treated
group A point was reached when the upper boundary was unat-
tainable and even had the next two untied pairs shown prefer-
ence for anticoagulant therapy the concluslon would have been
that no significant diffarence existed between treatment and
contrel  The trial was therefore suspended at this stage

Table III shows a summary of results in orthodox form
Ao conclusions can be drawn with regard to late deaths or
incidence of further ischaemic eplsodes Postror em examina-
tions were performed on all the patients who cled within the
first six weeks and among those who had been in the treated
group there were three who showed evidence of intracerebral




TABLE III

SUIMARY OF RESULTS

TREATMENT CCNTROL
EARLY = within § weeks
DEATHS 6
FURTHER ISCHAEMIC o 2
EPISQLES

LATE « 6 weeks to & months
DEATHS 2
FURTHER ISCHAEM IC

EPISODES

haemorrhage  Our interpretation of this finding is that the
presenting stroke in these patients was attributable to haemor-
rhage and not to infarction and that the correct pathological
diagnosis was not made in spite of the inclusion of lumbar
puncture and cerebral angiography in the initial investigation

Qur conclusion is therefore that used in accordance
with our criteria of selection and management anticoagulant
therapy is not indicated in patients who have suffered a stroke
e belleve that the criteria chosen are those most readily
applicable to general medical practice
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Present Management of Cerebral
Vascular Disease

] MARSHALL

The cerebrovascular part of this sympesium has been largely
devoted to the diagnosis and treataent of the acute stroke
Therefore despite the fact that the title of my contribution is
a wide one I propose to devote myself to the long-term manage-
ment of the patient with cerebrovascular disease Moreover as
time 1s limited 1 further propose to concentrate on two main
aspects the use of hypotensive drugs and the use of anti-
coagulant therapy

I do not think it is sufficiently appreciated how great are
the uncertainties with regard to the diagnesis and treatment of
cerebrovascular disease The clinical picture of cerebral
infarction may be due to embolism from the clasaical extra-
cranial sites or possibly from thrombi developing upon athero-
sclerovic plaques in the great vessels of the meck It may be
due to thrombosis in the great veasels of the neck or in the
intra-cerebral vessels themselves It may be due to so called

insufficiency™ in which there is a reduction of blood flow
through a stenosed but not occluded vessel below the level
necessary for the function of cerebral neurones It may also
be due to spasm of cerebral vessels as seen for example after
rupture of an anterior communicating aneurysm Moreover we
know that the clinical picture of cerebral infarction may well
be due to small intra cerebral haemorrhages a possibility which
adds to the anxieties of those treating this condition Evidence
as to what proportion of strokes is due to each of these
mechanisms 1s sadly lacking and our ability to distinguish one
from another at the bed side {s limfted hence preventative
measures must be largely empirical rather than rational

The place of therapy in lar disease
is far from clear nor is there much prospect of its being
clarified in the near future Hypotensive therapy is so
obviously beneficial at least temporarily for malignant
bypertension retinal changes and left ventricular failure
that a controlled clinical trial was out of the guestion
Furthermore 1t was irrelevant from the present standpoint
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for the greater proportion of such patients die a cardiac or
renal death It is in the remainder of hypertensive patients,
in whom the possibility of a cerebrovascular death looms larger,
that the need for an assessment of the effect of hypotensive
therapy on the incidence of further strokes and upon the death
rate from cerebrovascular accidents is greateat Conflicting
views have been expressed on this point some authors having
the impression that the incidence of cerebrovascular accidents
is reduced by therapy {Smirk 1957) whereas others feel that
cerebrovascular accidents may be precipitated by hypotensiye
therapy (Locket et al  1951) Ve know of course that in
extreme circumstances either possibility may occur Thus the
excessive lowering of blood pressure for neurosurgical intra-
eranial operations has been followed by cerebrovascular catas-
trophies while it has long been knosn that hypertensive crises
may be assoclated with transient or even permaneat Strokes The
problem is as to what in the long run over a large seriles of
patients will be the effect of hypotensive therapy on the
incidence of further strokes and on the mortality from cerebro-
vascular accidents To this problem there is no clear cut
answer and I think that it is now too late in the day for a
controlled clinical traal to be a practical proposition The
present position appears therefore to be that hypertension is
or is not treated largely on the basis of such iniications as
the cardiac retinal or renal state of the patient or on the
height of the blood pressure in younger men but that the
cerebrovascular status has 1little influence on the decision

The situation with regard to anticoagulant therap; is more
satisfactory for though the same problem of pathogenesls and
dlagnosis confronts us at least we are still in a position to
design and execute a controlled clinical trial Previous studies
by Millikan Siekert and rhisnant (1958} Fisher {1958) and
McDevitt (1958) have suggested that anticoagulant therapy may
be of benefit in reducing the incidence of further strokes in
patients with cerebrovascular disease Tais applies especially
to those whose lesion 1s in the brain stem or who are suffering
from recurrent episodes In all these studies the control series
was not collected in accordance with the strict criteria which
I believe to be necessary in a dlsease which is so variable in
its clinical presentation and in which there are so many unknown
and un ertain factors Accordingly in collaboration with
Professor Bradford Hill we have designed a strictly controlled
elinical trial of anticoagulant therapy in this cordition

Patients were considered who were under seventy years of
age and had sustained a cerebrovascular accident at any time
longer than fourteen days previously The patient attended the
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hespital for one day during which a history was taken and a
full clinical examination was carried out, along with investi-
gations of cerebral cardiac and remal function The bload
pressure was taken six times at hourly intervals with the
patient lying supine

The usual ticns to lant therapy were
followed and in addition patients were excluded who for
personal social or geographical reasons were unlikely to attend
regularly for the necessary supervision The decision was taken
as to whether or not the patient was suitable for admission to
the trial by one doctor who ¢id not know whether the patient
would be in the treated or control group The patients admitted
were separated by sex and thereafter randomised in pairs between
the two groups one being known as the high dosage group and the
other as the low dosage group Both received tablets containing
phenindione {Dindevan} the former in an amount of 50 mg per
tablet the latter 1 mg per tablet

The patients who did not know to which group they belonged
were treated identicslly in every way attending one of four
anticoagulant clinics staffed by three doctors The anti-
coagulant therapy itself was controlled by one doctor on the
results of the prothrombin estimation The frequency of visits
varied from weekly to four-weekly and at each viailt blood was
taken for estimation of the prothrombin time in both the high
and low dosage groups

The ailm in the high dosage group was to keep the prothrombin
time a3 estimated by the Quick one-stage method between two and
two and a half times the normal control The estimations were
made by the same two technicians through the trial The amount
of drug received by the patients in the low dossge group was
insufficient to alter the normal prothrombin time

Many of the criteria for selection and details of control
and management described above were based on the plan of the
Medical Research Council trial of anticoagulant therapy in
coronary thrombosis (¥ R G 1959) to which access was kindly
granted and we gratefully acknowledge the help thua received

The first consideration in assessing the results of a
trial of this kind is to see whether the system of randomlsation
has been effective in distributing the various factors which
may influence the results evenly between the two groups
Factora such as the age of the patient the site of their leslon
the number of previous attacks and whether or not they were
hypertensive were examined and in each instance it was found
that there was no significant difference in the distribution of
these factors between the two groups It can therefore be sald

with confidence that we have two groups of patients suﬂ'gring’//’-:"i‘qlt
Med de ¢
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from cerebrovascular disease who are homogeneous with regard
to relevant factors, and who have been managed in exactly the
same way except for the fact that cne group received effective
anticoagulant therapy and the other did not
The trial began in October 1957 and was stopped in its

present form in June 1959 because it had become apparent that
the incidence of fatal cerebrovascular accidents due to cerebral
haemorrhage was higher in the treated than in the control group
It is apparent therefore that if one treats every type of
cerebrovascular disease with anticoagulant therapy there is a
1liability to an increased incidence of death from cerebral
haemorrhage  This does not mean that anticoagulant therapy has
no place in cerebrovascular disease for it may be that poor
results in certain clinical sub-groups have gvershadowed
possible benefits to be obtained in other groups We have
therefore amended the trial so as to exclude those who seem
most likely to be at risk namely the hypertensive patients and
we are continuing the trial in those groups for whom special
clalms have previcusly teen made in the literature

{ Meanwnile what is the general physician to do faced with
a case of chronic cerebrovascular disease® It would seem to
me that if he decides not to use anticoagulant therapy at all,
he certainly is not in error On the other hand if he feela
the need to undertake some form of therapy the strongest
indications appear to be in patients without hypertension
whose lesions are in the brain-stem and especially when they
are experiencing recurrent cerebrovascular episodes Recurreny
eplsodes from a hemisphere lesion in normotensive patients
might also be 1dered by some to be an indication A more
definite conclusion as to the role of anticoagulant therapy it
13 not possible to give at the present time

I wish to express my thanks to the Trustees of the Nuffield
Foundation whose generous support has made this work possible
A full report is aprearing in the Quarterly Journal of Medicine
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DISCUSSION

CHATRMAN; I am sure you would wish m to thank Dr Mar hall
Tor an excellent presentation of a very complicated problem
which i3 very much in evidence at the present time  We have
had six papers on cerebro-vasecular di ease which I am sure
everyone would agree was a most appropriate subject to discuss
in this College It is an interesting fact that a subject which
has grown rather dull over the years hould have been so muc!
reauscitated during the la t five or ten years until now it is
a matter of very keen and general interest You will not have
overlooked the fact that of the six papers which we have list ned
to with such enjoyment two were given to us by urgeons and one
by a radiologist I do not think that the association of the
two points that I have made is accidental; I suggest that the
thing which has done most to stimulate interest and inform
knowledge on the subject of cerebro-vascular disease has becn
the advance of radiology and in its weke the enterprise of
surgeons who have felt that the results of radlclogy have cnabled
them to attack problems which hitherto could not be attached for
lack of precise knowledge Now we have time for discussion end
it is abvious that the subjects we have heard about fall into
different groups I suggest that when the discussion begins we
should try and bring together the points under each separate
heading depending upen how they come up from the memb r of the
conference The sort of headings we shall have will be matters
of acute strokes from haemorrhage and matters arl ing from
occlusive disease whether cerebral or intra-cerebral and I
suspect questions will come up about antiecoagulant th rapy

DR__GARLAND:  May I ask Profes or Rob before he operates on
these carotid arteries what inveatigation does he mahe of tho
other arteries? I ask that because we have just had two dises-
ters people with the stuttering onset of a left-sided occlusion
and both with bruits over both carotid arteries and arterfograms
showed that the left carotid was not supplying the right honi-
sphere but that the right carotid vas supplying both It sccmed
therefore reasonable to operate on the left carotid and tho
operation was carried out precisely as Professor Rob has shown
us Well of course a you know it is always very cold in
Leods but we did this under hypothermia as well and took evory
precaution but both these patienta on recovering conscinisness
had complete aphasia snd right hemipleria from which they have
made only very partial recoveries

PROFEGSOR RORi  We have not heard wh th r thesc vess 1s were
Datent at the time of the operstion or not which I think is
important but I assume they were If I personally had seen a
case with bi~lateral murmurs I would operate on both sides if
T thought at the end of the first side that I had done a renson~
able job snd that it was going to atay patent Our exyeriocic
is that it is probably wise if it  bilateral to Ao bath at
one sitting 1f possible

Ve only use anticosgulants lecally into the distal arterial

104



tree during the operatlon In the carly part of the series a
number of th younger patients r ceived long term post-operative
antlcosgulants starting on the fourth day During the op ration
we only use 50 milligram of heparin into th distal arterial
tree locall

Tegards what happ ns to the lining of the art ries =
those tva Gevthe were inmedinte desths e hay had a numb:
of later destha end I vauld rather ofeak shoat what the arbery
looks 1ike six months afterward than a we k aft rwards What
appear to happen ias that after you have taken the inside out
of the artery it v ry quickly get covered by a layer f altered
blood clot and this priduces & mooth lining on the vess 1
The intima only gFows a short distan e but nev r covers tle
whole defect unless the defect is very hort But certainly

a defect 2 centimetres long will never be cov rod by the intima
again  In the gap b tw en You gct a layer which looks like
Antima; if you look at 1t with the neked eye you cann t tell
the difference It 1s only not intima when you put it to
sev r tests . d it pp ars to be largely alt r @ ¢ llagen
It 1 of interest and importan e that the thrombosis raee of
thi vess 1 irre P tive of Wh Te it ia i3 1s 1

per cent in our s ries of all thrombo ndarter etomi s
followed for juite 1 long ¢

DR__COWEN: I would like to & k Dr Bull doe he get any false
Po itives fr angiograms? I understand that with some lesions
something that looks like spam I h itate to use the word
oceur and whether in fa t h pet any false po itive that

ia to say indicating a leslan when there Teally 1 not one proved
1at r? The oth r point i a minor one for Professor Rob
Iwould b v ry inter ted to know where xactly does he auscul-
tat for th vertebral art ry?

DR_ BULLs T kno som times one an get false positives in the
int rnal carotid art I‘y in the n ¢k but th y hav a slightly
diff rent appearan o argh graphically ~Had Im ve time I would
have hown one thi afternoon And they are of co r  due to
2 hin tan vmich J mot entirely satl factory and in vhich she
contra t get under the intima and clos & th art ry in that
ftuation I think if one is experienc d one ten spot th m
T cen r memb r that in thi case that I would have shown you
whi h was a false positive we left the patl nt alone and
r peated the anglograph a Week lat r It wa th n perf ctly
n rmal

Now with v rard ¢o th intra- renlel ve =els wuch as the
anterior or middle cer bral I do not think one do s get a
false positive snd we alway ch ck th or lusion on multiple
pr j ctions a lateral an antero-posterior and an oblique
at least Tn my opinion you do not g t false positives intra-
r nially

PROFESSQ1 ROB: W have listened over the origin of the ver-
T bral erfery We think that th murmur is maximal at the area
of th stenosis whichever ve sel is t nosed

DR _BLOOY T wond T wheth r I could get any help on the qu =
tion of hypot nsive therapy in patient who have had erebral
thr mbosis? The questlon I have always a k d wh n a pati nt

1 adwitted with a v ry high blood pr sure who has had a troke
i fir tly wh th r one should us anti-coagulant therapy and
that hes been answer d The next qu stion is wh ther one shauld
ITing down th blood pre sure particularly in patients who lave
& r ally high ane I wonder wh ther we could be inform & on

th t?

DR _MARSIALL) I left it for som one who ha had a lot of
xperience in hypotensive th rapy to say s m thing about this
in the dis u 4on b cau as I have tri d to indicate as far
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as the cerebral aide is concerned there 1s ne satisfactory
evidence as to wvhat happena when you bring the blood pressure
down in s large series of pationts We all know that a further
atroke can be precipitated but we do not kaow whether over all
one gains or loses by doing this

CHATRMAN: I wonder whether any members of the Conference who
Bave a Large experience of the use of hypotensive therapy
would give the Conference the benefit of their experlence of
its effects in relation to the cerebral aspects of hypertension

DR__PLUNKETTs I am concerned at a geriatric unit where quite
a 1ot of enticoagulants are used I can Temember one patient
who was sensitive to the test dose and immediately got multiple
thromboses and never picked up again That is the only one

The ordinary run of very elderly hypertensives who stand the
risk of going into failure have baen treated with hypotensive
drugs carefully but not lavishly Ve have not seen any strokes
except just before they die of intercurrent disease or old age
Then they usually go pals or funny for a day or se and one
finds from the post mortem there are small multiple thromboses
all over the brain which one would find anyway in such old people
when they die

PROFESSOR McMICHAEL: I might try to say a little about expe-
Tience in the use of hypotensive drugs in patlents who have got
cerebro-vescular disease As Dr Marshall said we all know
that drastic r duction of the blood pressure in these people
can in fact induce atrokes in various varieties and this of
course 1s a very grave drawback to the use of hypotensive agents
in people with cerebraluvascular disease There are other inter-
fering factors such as mental deterioration wnich make it quite
impossible for them to follow a rather complicated regime and
of course one must always remember the obvious which i3 not
always remembered by general practitioners that once A patlent
has got a complete paralysis of one side there is nothing on
earth thet you are going to do with hypotensives that is going
to restore his power It is in fact a very difficult aituation
and even when patlents are being treated in hospital under our
own eye they can occasionally develop a cerebral ischaemic
eplsode For exemple one patient who had had his dose Just
after lunchtime went out of the ward and into a hot bath in
tho eftermoon He th n stood up to dry himself and promptly
collepsed with transient sphasiaj fortunately he recover d  So
these patiente are really in a very perilous situation and if
hypotenaive drugs are going to be used in them our general
feoling 1s that we should not reduce tha blood pressure too
much  Bring it down from say 240 syatolic to 160170 and
try end bo content with that, and also try to use hypotensive
drugs which are reliable and fairly constant in their effects
For exemple we had to use the early drugs such as pentolinnium
by injection to get o comstant effect because of irregular
absorption The new one, Darenthin has the same sort of draw=
backs of irregular and incomplete absorption e had cne or
two pati nts on that one who have run into trouble so probably
the best drugs to use are mecamylamine oT the shorter acting
pespidine in the treatment of thls group But these patients
Who have definite evidence of cerebral vascular impairment really
sTify me, snd I do not like treating them at all if I can
scape 1t

PRESIDFNTI I agroe with what McMichael has Just said, with
Tegard to our experience with hypatenaive drugs but we have
Aot done eny controlled series Smirk in his series fiad
hat the numb r of strokes in his

o had been used
But at the same time he admitted vhen I laat ssw him that they
pad become more confident in the use of hypotonsives and that
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they were using them in milder cases 1in which they wowld nat
18ve used them in Tormer ywars, so0 that they may have beem
treating & population in Which you would not expect so many
strokes 8t all Rowever what I was really going to do was to
tak Bull a question if I may? Doea hie fesl that thers are
any dangers in mnglography  spacially after wbat on clinteal
grounda you diagnose as & thrombotic episode with brain stem
sYmptoms?

BULL: I think th e are definite dangers in englography
[ have not analysed completely Dr HMareballfs theories from this
>aint of view but I think we did have complications in about
L0 per cent of cages Moat of them if not all DOr
{11 cofrect me were tronafent and In these cases we did
the 1,

o the t Lo
Lt was usually shortlived I think that it is wove dangerous
to undertake anglography on patienta with dispased arteries
than fof tumour oF other lg ions  And what X would like to ace
ls & wodififcation of cerebral anglography in this type of case,
and injection from some other site so that we £ill the great
ressels and do not traumatize them when we make the injection
that is to say traumatize a veiln elsevhere or &4n artery that ia
Femote Them of course We will be able to see the mouths of
the vertebral prteries too which {s one of the Dolnts I tried
to make earlier on this aftemson I would point out that one
of the great difficulties in elderly people in catheterizing
the femoral artery is thst th 4illac arteries are so frightfully
tortuous that one cannot get a catheter up I think that ia oue
of the problems we must got downs fo ~ sab sfactory cerebral
" without the veasels lavolved

SIH_GEQRGE PICKFRING: May I ask a naughty questlon? ThHis after—
noan vo Ravé learnt what a lat of us have lknown for quite a

long time and that 1s that we have to revise many or €ne views
that we have long held about cersbral vascular disease I

vonder if I could ask the qua.tlen that really always both Ta

e How do you di tingulsh between a hs morrhag o
bosls? T have Wlwoys Tather thought that headech practically
14d not occur in a tnrombosis that loas of conucto\nneu e
less comnon and that of course patieuts with Baemorrhag

much leas likely to recover and they sametlmes g t neck rumuy
and they sometimes g t blaod in the cerebra~ pinal nux

AT you are guing to operate on their braina - perhaps

McKissock might answer this ~ With what eurt of Cunlldem:e

can you distinguish between haemorrhage and thromboale?

SHATRMANS X know that Mr McKissock has viewa to express on
Ihe differ ntisl dlagnosia Detwe n ha morrhage and thrombosis
50 I will ask him to speak on ihis question

MR _McKISSOCK1 X do not think You canm tell wheth ¢ a pati nt
has got a thrombosis or & haeworrhage on clinical ground alene
Headache cen certainly oceur with ha morrhage or with thraubosls
Twenty to twenty-five p r cent of ca es of cerelral haemorrthage
have no blood in the cer bro-apinal fluld either in the luubar
sac or in th ventricular system Two ta ive per cent of cases
of cer bral hs morrhageé have blood in the sub-arachnoid space

been talking about in hich quite s cousiderable propertien had
no blood at ventricular puncture or luabsr punctufs So I think
all you can may and ¥hat I have aaid many times Defore s that
You ~howld not mak on clinical grounds alone a disgnasis dtner
than that of a ute cerebro~vasculur accid nt snd leave 1t s
hroad as that It then d b nds upon the ofA r mefhods of inve -
tigrtion Jummar puncture snglography bo eibly ventriculography
vith alr and in sem ases ventriculography with myodil becauss
you may have to Bress through all th e inv stigations b fare you



cen tell exectly what is the matter And the bost example I
think of the need for this 1is in the cerebellar haemor—
rhages which I did not mention today but of which we have

a series of over thirty now vhere neurological examination gives
you no certain answer There may be blood in the subarachnoid
space but again that does not give you a certain answer 'nu
sarotia angiograns are mogative” the ventriculogram shows

hormal lateral vemtricles and a normal third vestricle and  becauso
the agueduct and fourth are otten o small you cannot get an
sdequate picture of them with air You then have to go to the
length of putting myodil into the Llateral ventricle in order to
get & picture of the aqu duct and fourth ventricle and only on
those pictures will you see the relatively slight shifta which
indicate a haemorrhage into the pons the wedulla or one cere-
bellar hemisphere So to reiterate I think the right diagnosis
1s acute cerebro-vascular accident which requires further
investigation

DR_FLETCHER: I am still a little perplexed about what cases
should have these elaborate investigations I gather from Mr
McKissock that the ones who are alert or at leaat drowsy are
the only onea who do very much good on surgery and from Profes~
wor Rob that it 1s the ones who have not yet got any permanent
changes who are worth having their arteries operated on Am T
Tight hers? And have We not got to do the full investigation
on every acute stroke admitted in coma? If so are our
resources up to this? It is rather impartant to lmow when

You have to go shead and do the full investigation and when
You can sit back and be mercifully conservative

CHATRMAN: I am certain we would all agree that Dr Fletcher
has put his finger on an extremely important point Because
from the administrative point of view and the menagement of
patients particularly by those who are working away from the
irmediate vicinity of a centre where all these thinga are avail-
able - which are the patients to be chosen for this? If they
are all ssnt clearly even Hritish Railways would hardly be
equal to the burd n  Perhaps Mr McKissock you would speak
to that one?

MR_McKISSOCKI The first thing I think is that until several
People have carrled out contrelled trials of urgical treatment
versus medical treatment, in proven casss of haemorrhage or
thrombosis whichever way you like to put it we de not Jmow
which patients should be subjected to this form of investigation

the patients he should send for this overall investigatlon are
thase who aTe alert or at worst drowsy but who nevertheless
have fairly inten ive n urological signs from which it would
seem unlikely that they are going to make & complete recovery
In other words the patl nt who is alert or drowsy but with a
total hemiplegia with or without dysphasia would seem to me to
be an eminently sultable patient to send far this kind of inves-
tigation But remember this - that in those inatitutions
hospitals where th ee controlled triale are being undertaken

if the material sent to th m is going to be selected in this way
they ar n ver going to get the answer to their controlled trial
This was brought very firmly to our notice over the controlled
trial vhich wa are csrrying out on rup a1
which has been runniug since the beginning of January, 1958

One of our reasons for atarting this trisl ves that ve hed looked
through some 400 odd cases of tle ding into the subarachnoi
space -dnuted to one department in a period of Sust over tvg
years s came from seventy to eighty hospitals
and .anethinx 1ike 110-120 physicians They were a very vari
collection of clinicsl ca ea as you can imaglne but ve took
the troubls to send an investigator down to these seventy o
sighty hospitals to go through sll the case records of carebron
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vascular mccidents in those ha pitals for that period of two
years during which time we had acquired 400 cases from them
He found there 300 more cases Now th se hundred-odd physiclans
were selecting their cases They had sent a little More than
fifty per cent to ua for investigations ‘Why? Was it becauge
the patients were tao old snd sick to be sent or was it becsuse
they were so young that they did not wish them to be interfered
with or thought they would recover anywsy? We shall mever kuow
And 80 you are between the devil and the @ ep sea in this
If you vant to find out you mist take as big o cross-section of
b thm in this way
in a controlied trial  And if yau are going to have a lot of
selection at the periphery and only what are thought in the
1ight of our present ignorancé to be suitable cases for this
form of investigation we shall get no further on

PROFESSOR ROBI I think that the stemosed carotid 1 the one

where pur 1y as @ uig on one can get the best results O

the athor hand In the case of the the mbosed carotid it is Pessibl

that with improved techniqu and earlier cases one could get

a good result in a number of them but that is a thing for the
turs W have not done it very often yet

DR_MACQUAIDE: V have heard about hypot nsive treatment and
anticoagulant treatment I would like advice on & very simpl
point Those of ua who 1live in the outback wWho have to make
our diagnosis on clinical grounds how long are we to keep the e
patients in bed? It ag med to m that if it s a thrombosis
sarly ambulation is not d  If 1t 4s a

one ought to keep them rather longer

MAN: I wonder who we could ask to answ r that question?
Po sibly from the po t-operative cases = what ig the practice
in your unit Mr McKi sock?

MR McKISSOCh: In the cases of ha morrhage treated surgically
tart getting the patients out of bed if their physical
Gondition p rmits of 1t that 1s if they are able o ait in a
chair vo would got them inte x ehair at forty-aight Tours efter
svacustion of the hacuorrnage And we would tr at tiem in

i manner from that point on

DR_MARSHALL: Yes I agree I treas the n ed to tr at things
uniformly in a controlled trial Therefore w decided that as
arly embulatlon as possible should be the policy, and we have
certainly s en mo 111 eff cts of this in thrombotic and we
hav also had a seri s of ha morrhag s not so large in which
we have se n no 111 off cts either

PRESIDENT: Could we know what the Chairmen s views ere n
this subject?

CHAIRMAN; I entir ly agree I have n ver been convin d that
Putting a pati nt into bed did them any r al go d after a
cerebral vas ular a cident and I think the sacner they get
going the bett r

120 would like to ask Professor Rob please hov peci-
fic do s he consldar the systolic murmur in the ne k to be?

P rhaps I am bl s ed with an unusually perv rse crowd of pati nts
but one doe hoar systalio mumura in th neck spact from the
obvious condu t d murmur from the aortic valv such a the
murmur in front of a prominent ¢ rvical rib buttr and
opeastonally of course & Tath r typical bruit from & la

iy ar other aus for murmurs and I Hunder wheth r
o' an be mteleds

PROFESSOR _HOR) It is important wh re the murmur 15  The
© rvical rid murmur 1s in a Qifferent pla It 15 ven in a
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different place from the vertebral artery murmur The carotid
atenosls murmur is hardly conduoted at a.u downwards It s
simply a question of a murmur of ma¥imum intensity at the asite
of an arterial stenosis The cervical rid wurmur quite easy
to distinguishy, and of course the thyroid murmur is entirsly
different

PROFESSOR MoMICHAEL;  Could I put one more question to Dr
Harshall? Clarke and Murphy, who wore working with me at one
time on the problem of hypertemaion went into the oerebral
manifestations in a number of patients One quite interesting
small point that came out was that patients who got A acrebral
haomorshage very seldom or nover gave a history of provious
tronslent cerebral i In the Yight of what we
have seen about distal nu‘x‘evb:g ot arterder 1t may be that
there is not enough pressure in the hoad to give thoss peoble
cerebral haemorrhages and if so that might be a fairly useful
amall point in differential disgnesis I wonder whether thia
is borne out by Marshall s experience?

DR __MARSHALL: I think Professor McMichael's atatement is true,
but however X would agrae with Mr McKissock that the great
bogey 1s our inability to diucmguuh. in a gutﬂcianuy high

of cases t I would
2lao feel pessimiatic that the pra-enuy available mothad
even taking the whole gamut of neuroradiological investigations,
are not going to give us a sufficiently high percentage o
success What wo are in need of ia an entirely different approsch

DR__WYMAN: Mesy I ask one or two questions about hypertension
in cerebro-vascular accidents? Heve any of the previous speakers
made any surveys showing suy correlation between the incidence
of bypertension and these accidents because I have seen a amall
series of figures which seemed to show that cerebro-vascular
acoidents were not really more oommon in hypertensives than

in pormotensives Another question, Mr McKissock mentioned one
form of cersbral haemorrhage which was mors prevalent in hyper-
tensives I would like to know whether the diagnosia of hyper-
tension was based on previous knowledge of the patient or merely
on the readings of the blood pressure taken after the cerebro-
vascular acoident had oscurred which of course I should imagine
would be very unreliabl.

CHATPA{: May I call upon you again Dr Marshall for that
Question of how far one can establish that bypertension, when
prasent bas been present for a long time?

DR, MARSHUALL; I can only answer the second question, not the
Tirst because I have not had enough experience of hypertensives
But as regarda the second a blood presaure taken after t
accident has occurred is totally unreliable Ve have had geveral
people in our long-term trials attending every week with a
record of their blood pressure and they have had an acaident and
we have seen what the blood pressure does It can fluctuata
wildly during the first forty-elght hours and I think blood
pressura so taken will have very little relation to the blood
preasure recorded bafore The only way you can tell whether
they wers hypertensive befarsa is by the sxamination af the
retina size of the heart and that sort of thing

DR__CAMERG{: It is very difficult sometimes to have enough
surgical sccomuodation and Mr McKissock made plain the position
If you can only admit & cortaln number into a unit for each month
then you have to chooas who are the onea who you think will derive
the most benafif The next point I wanted to ask is whethor
anyone has tried anything on the lines of what some years ago

Ve were fairly confident it was a haemorrhage because ihere was
b;o:A in the cerebro-spinal fluid Now we gave the patient anti-
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tried to get the blood
pressure down and it the same time drained the cerebro-spinal
fluid  Indeed it scemed to u at the time that the coma was
lightened and that the case was more likely to recover

MR _McKISSOCKs I have no xperience of this at all I am
serry

DR_CADMAN: Two questions T would like to Pose the first one
probably to Dr Hutchinson I have recently had a case of the
Millard-Gubler syndrome that is a sixth nerve paralysis and &
seventh nerve paralysis on one side and a hemipl gia on the
opposite side Is it possible to be more sp cific about the
actual artery involved or must one say that it is the basilar
art ry? The s cond qu stion is one direct d to Professor Rob
T think 1t is possible to feel through the back of the mouth
inside the internal carotid artery Is this a physicel sign
of ony value in th diagnosis of thrombosis of the internal
carotid artery or stenosis?

DR _SHAWI As regords the differentiation hetween basilar
yidrome end any other type or indeed the Vertebral as well
I do mot Teally feel that 1t is any easler to do than it is
in the forebrain

FROFESSOR _ROB: Unfortunately I feel that T cannot tell the
difference hetwe n & patent and an occluded internal carotid
artery The reason is that 1t seems to get moved up when it
1s clotted by the pulse in the common carotid below







CORONARY ARTERY DISEASE

Chairman—D Evan Bedford






Epidenuology and Diet
] N MORRIS

T will say ng about the di 1 of the problem
and on pathogenesis then a little about aetiology and the
Present status of the dietary hypothesis

I
Table I gives some rough estimates from various surveys of
the current prevalence in Great Britaln of coronary disease

TABLE I

PREVALENCE _OF CORONARY DISEASE

MEN_AGED 6065
Rough Estimates

1 Coronary atheroma ¢ 100%

Much coronary atheroma 20-33%

II Coronary occlusion 10-20%
Multiple occlusion

III  Clinical cor heart disease 3-15%

Varjous surveys Great Britain 1950 s

clinical and pathological However inaccurate the individual
figures may be the table probably gives useful orders of
magnitude Thus "imagining" men in their early 60's there
are unlikely to be any sizeable social groups with a lower
prevalence than 20% of extensive plaque formation in the walls
of the coropary arteries and the range may well be no more
than 20-33% The next figure to look at 1s the last the
implication is that the majority of middle-aged men having much
coronary atnercma do nat suffer from clinical coronary heartv
disease The fraction would probably still be a minority if
the figure of 3-15% were increased to include also sub-clinical
coronary heart disease with ischaemic myocardial fibrosis or
significant electrocardiographic abnormality alene

Intervening of course between disease of the walls of
the coronary arteries ( ¥ ) and coronary heart

ns
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disease is coronary occlusion and with increasing occlusion
there is increasing incidence of heart disease {In "occlusion
is included frank acute thrombosis and complete or near-complete
chronic obliteration usually fibrous and the product of
organised thrombosis )} When there is an increase of mural
atheroma 1lumen occlusion is more likely to develop but coronary
occlusion is not the same as nor any simple function of coronary
athercma The answer to the question whether there are in fact
two processes or two diseases in coronary ™atherosclerosis"
is 1in epidemiological terms yes The historical material
{Table II) suggests that during the present century there has
been an increase of coronary occlusion but there is no evidence
that mural atheroma has increased and, indeed 1t was rife
before the First World War The evidence is that not only has
such occlusion increased but acute thrombosis also and cardiac
infarction tuptured ventricle ischaemic myocardial fibrosis
The same kind of dissociation between mural and lumenal disease
is becoming evident in geographical pathology as in Jamaica
where it seems that coronary atheroma, but nmot occlusion is
highly prevalent Further when men dying from some disease
other than coronary heart disease are classified at post mortem
by occupation there are little if any differences in the amount
of coronary atheroma in the various groups {Table II) but
coronary occlusion is almost twice as common in light workers
as in heavy Finally as said when there is more mural
atheroma occlusion is more likely to supervene, and this is
illustrated in hypertension 1t is possible howsver for
occlusion to increase whenm there is no increass of the atheroma
as we have seen in deaths from peptic ulcer

Various prospective studies have found that presumably
healthy men who have high blood lipids or high blood pressure -
1t is usually essential hypertension - are speclally liabdle to
develop clinical coronary occlusion and corcnary heart disease
Hypertension almost certainly and raised blood lipids very
1ikely are causes of coronary atheroma Whether they are
direct causes also of occlusion and heart disease is naot yet
clear The Framingham study and our own of London busmen have
now shown that blood pressure and blood cholesterol levels are
indegendent of each other Fen with high blood pressure are
not particularly likely to have high blood cholesterol etc «
there seem to be two distinct disorders However high blood
presaure and high blood cholesterol are very common and they
do coincide in individuals When this happens the outlook is
serious 1in the Framingham study about a quarter of the men
with blood cholesterol over 300 ng % and diastolic pressure
over 115 = Hg developed coronary heart disease within aix
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A RECENT TRENDS

Prevalence in Deaths from Injuries

TABELE II
CORONARY _"ATHEROSCLEROSIS™

Infections Cancer

Men Aged L5-60
1 2

Coronary 1508-13 1954-56"

Atherosclerosis {530) (139%)
% %

Mod  and much 530 0
mural atheroma
Severe narrowing
and lumen occlusion 13 L9
Caleification present 10 100

1 Londom Hospital

2 Naticnal Necropsy Survey

B IN_OCCUPATION GROUPS!

Prevalence in Deaths from some

Coronary Heart Disease

Men Aged 45-70 imel

other cause than

Qccupation ]
Light Active Heavy |
Corepary (1392) (1377) (836
Atheroaclerosis % 1 %
Much mural atheroma 219 17 0 180
Lumen occlusion 59 X 31
Calciffcation present 230 200 220

1 Navicnal Necropsy Survey
2 Excluding only the small nusber of cases with secondary
{mostly renal) hypertension

(lumbers of cases in brackets)

Clearly the discovery of such levels in presuzably

Years
healthy wen is a clinical emergency and contrelled trials are
urgently wanted of the methods available for helping thea

-
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is an illustration of one of the main uses of epidemlology to
clinical medicine the identification of "susceptibles", of a
vulnerable group of individuals (om;&y may be a third easily
recognisable precursor though how independent of these two
remains to be settled )

Questions arise about the norms of blood lipids in the
population A current survey of London busmen shows that drivers
and conductors have different levels After 50 or 55 years of
age differences in average blood cholesterol are almoat as
large e g 16 mg £ as is commonly reported when cases of
coronary hesrt disease sre compared with "controls® (at younger
ages the contrast between cases and controls is of course mors
pronounced) In gensral 1little is known of the distribution
of blood 1ipids among groups in this country Wnat is physiolo-
gical and what optimal? The interim answer from two epidemio-
logical studies Framingham and Albany seems to be that

lecremry heart disease {3 uncommon among men whose serum
cholesterol 13 less than 200 mg £ It is likely, however that
most middle-aged males in Weatarn countries have higher values
Measurement of B ~1ipoprotein and of plasma triglyceride may
prove to be finer predictors bacause closer to the metabolic
disturbances involved As to blood pressure it has been
uncommon in Framingham for middle-aged men with dlastolic readings
consistently below 85 to develop the disease In Framingham
such men wera a small minority
11

The firat point to make about aeticlogy is that no method
is yet known of reproducing corcnary heart disease with any
certainty in the experimental animal {though there are at least
two promising approaches) I mean a method that will induce
coronary atheroma and then, erosion of a plaque thrombus
formation with ocelusion, myocardial infarction Even if thers
were such a method it would be quite essential as in all
chronic diseases to teat the findings in actual human
experience

In terms of dlet, today's principal hypothesis on cause
the only thing approaching a hard fact is that under-nourished
tapulluons eating 1ittle animal fat suffer little coronary

eart disease It is not merely a question of poverty because
Japanese who eat little snimal fat for historleal and cultural
reasons rather than simple poverty also appear to suffer little
from coronary heart disease Nor is the {mmunity racial since
Japanese men migrating to the U 3 A seem soon to develop
Western” rates of coronary heart disease and this may be

trus also of the largest Japanese citles Interpretation of
these findings is not easy People of under-developed countries
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differ in 3o many respects from those of developed (or over-
developed™) countries - € g {in other aspects of the diet in
mental outlook in physical activity - that the investigatcr
18 soon trarped in the maze of the Western way of life" and
Western raterial standards from which he has been unable to
escape  Horeover the past zedical history of middle-aged
individuals in under-developed countries is so different from
that 4in the hest that no sensible "standardisation™ for com-
parison is possible There is little evidence yet of any
dation of heart disease with increasing "westernisation” -
ere are few observations except on the extremes
Among the advanced Yestern countries themselves there are
substantfal differences U > A for example registers about
three times the death rate of Sweden - both are in the highest
"mass consumption" atage With very high total fat and antmal
fat consumption Finland and Austria or Canada and horway
provide other contradictions Several years ogo Keys tried to
associate national death rates from coronary or arteriosclerotic
and degenerative heart disease with total fat consumption of
countries but interest was lost because of the inadequacies of
the data on both sides of the equation certified mortality from
particular causes can be ccmpared with confidence among few
countries and the ground is even less firm when crude naticnal
food statistics are used as indicators of what people eat
Recently there has been a revival in this approach as claims
have been made of a striking correlation between natiomal death
Tates and the consumption of saturated fats From experimental
work it will of course be expected that the association between
e type of fat blood lipids and heart disease is far claser
an that with total amount of fat Table III suzmarises the
main findings and the last column is obviously far rore inte-
resting than the preceding two But I am at a loss to under-
stand the figures Thus the very high Norwegian figure of
21% of calories from polyunsaturated fat seems to assume that
very large quantities of whale oil are consumed neat and
unsaturated However whale oil is inedible as such and in the
process of hydrogenation to produce margarine fatty acids are
"saturated” in some or considerable measure In general the
high figures of polyunsaturated fats are all for countries macing
their returns to the Food and Agriculture Organisation in the
fornm of constituent oils e g whale oil and the low figures
frem countries reporting foods e g margarine
The answer to these questions about internmaticnal differen.es
in coronary heart disease in relation to the mode of life can
only come from appropriate fleld surveys Keys has pioreered
these W H O is trying to promote them and I fan y that if

i19



TABLE 111
MORTALITY FROM HEART DISEASE ANL FAT CCNSUMPTION

7 Calories from Fat

Country sortaliey’ | o 7988 2 rota1? | Antmal? | Polyun- 3
=aturacedJ

Us A 1Ly T w70 [ 39 | 27 57
FINLAND » o fon | oes 27
CANADA 372 3130 38 29 30
AUSTRALIA 34t 3160 38 32 32
SEALAND 36 3370 40 3% 22
Dy 25" 270 38 26 34
Vi GERMANY 19 950 ) 3% | 23 126
oI wx | 176 2980 § 35 | 2 106
DERARK 170 w0 | 3 | 28 128
sertzEsLMLD | 156 10§ o3 o2 100
NOPAAY 154 130 38 29 210
AUSTRIA 15 2820 31 25 74
SUEDEN 17 00 § 3 | 30 n1

1 tortality per 100 000 from Arteriosclercvic and Degenerative
Heart Disease B 26 in Men Aged 50-55 Ho

2 Food and Agricultural Organisation

3 From Jolliffe

& England and tales

A1 Tigures about 1954/55

there 13 another Conference like this in five years time the
report of asuch studies will replace the present fragmentary and
unsatiafactory information
Blood Lipidy

There is much evidence relating these to dist on the one
hand and to coronary heart disease as already mentioned on
the other The control of blood lipida is now a very active
field of inquiry stizulated by the discovery of the power of
saturated fatty acids to ralse blood cholestercl levels and of
Le!yunsatunted to lower them However, there are few studlies
attempting to relate diet blood 13pids and heart disease all
three together [Ecological studies do, at the extremea Thus
the under-nourished populations suffering little as already
stated from coronsry heart disease have low blood cholesteral
levels 1In Cape Town the three variables were assoclated among
three raclal groups at different stages of social-economic
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development  Samples of Japanese men in Japan Hawaii and
California have increasing blood lipids and there is increasing
coronary heart disease among them in that order associated
with changes in diet Vestern countries as a class have high
levels and much coronary heart disease Within these countries
illustrated in Table III no correlation iz yet evident between
the vital statistics and what little is known of prevalent serum
chol sterol levels Nore serious there are no prospective
studies in the Vest (or anywhere) of individuals their food
habits blood lipids and personal experience of coronary heart
disease other variables now thought important being held
constant  And there is very little of retrospective study
elther The emphasis in all 1 am saying is on lack of evidence
and not on negative results Surprising though it may sound
little work is at present being done on many of these questions
They are of course frightfully difficult
The chief obstacle to the prospective survey of large

numbers of individuals is the lack of a simple method of
describing individual diet Various research groups are now
tackling this question My colleagues and I are seeking simple
indicators that correlate highly with the week s individual
weighed diet which fs the beat measure outside the metabolic
ward of what an individual actually eats Usable indices are
being produced thus among the bank staff studied the number
of alices of bread + the number of times visible milk is drunk
correlate at 0 66 with total weighed fat consumption However
such little reconnalasance as we have attempted of the next
ucep ghes us little encouragement to proceed with large-scale

i for no associavion whatever is evident so far
betwaen our measures of fat intake by welghing and the indlvidual
blood choleaterol or B-lipoprotein level —Studies in the U S A
using different methods are also beginning to produce the same
result This reminds us of another aspect of the problem
There iy litvle if any evidence that minor manipulaticns of the
diet such as are now so componly practised in the ¥ S A will
effectively lower blood cholesterol and keep it low though
drastic changes in the diet e g s reduction in total fat and
the substitution of two thirds of the animal fat by corn oil
will assuredly do sa ®

* There 1s 1ittle 1f any evidence that such lowering will reduce
the subsequent occurrente of coronary heart disease though this
may be another stery Again necessary facts understandably are
scanty
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¥hat little we know or dare surmise about the relationships
of "Western® death rates from coronary heart disease to national
food consumption on the one hand and about dietary experiments
with blood 11pid levels on the other does raise the question
whether the association between diet and coronary heart disease
1s linear 1 e whether there is a propertionate dose response"
of heart diaease throughout the range of food intake It may be
that all Western countries and nearly all Western individuals
are above the threshold or safety level of diet - but that a
wide range of coronary experience is nevertheless still possible
even in the constitutionally prone It 1is urgent to clarify this
issue

Very relevant is the growing incidence that other aspects
of diet a3 well as the fatty acid composition affect blood lipid
levels and that non-dletary factors alsc do s0  The most
interesting work recently has been on the latter and it is
evident that phyalcal activity smoking and stress' are
influential At present all these 3eem to be marginal or
"super"-normal factors affecting blood cholesterol levels above
the 200 mg mark though few studies have attempted to Lsolate
each at various dietary levels and estimate their additive
effect Moreover there are other mechanisms or pathways to
coronary heart disease than high blood 1ipids {essentisl hyper-
tension has already been mentioned) and luxus-sophisticated
diet phyaical {nactivity cigarette emoking and the modern
social-psychological environment may also be involved in
these  Thua we are back again in the maze of the hestern way
of life™ and maybe thls represents the truth -~ that indeed
coronary heart disease is multffactorial with many causes
acting and reacting on each other to disorder cardiovascular
functions and produce the disease If it i3 so the poaition
becomes more hopeful There may be more than one way out of
the maze, more than one way of reducing coronary heart disease

I am grateful to my colleagues in the Social lMedicine
Research Unit for much help
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Sex Differences
M F OLIVER

Clinical Studies

The clinical features of coronary heart disease occur more
commonly in men than in women This male predominance was first
suggested by Heberden {1802} and has since been confirmed In
Britain, the male/female ratio for coronary heart disease has
been variously assessed at 7/1 (Mackenzie 1923) at 4/1
(Cassidy 1946 Peel 1955) 3 3/1 (Oliver and Boyd 1955} and
2 41 {Ryle and Ruasell 1949} This sex ratio decreases with
advancing age For example the maleffemale ratio of 1 000
ccnaecutive patlents almitted to the Edinburgh Royal Infirmary
for treatment of angina or of myocardial infarction (all had
confirmatory electrocardiographic changes) decreased from
16/1 under the age of 40 to 7/1 between 40 and 49 to 5/
between 50 ard 59 to 2/1 between €0 and 69 years and 1/1 over
70 years Although coronary heart disease occurs infreguently
in women 1n their thirties and early forties 63 women under
the age of L5 years have attended this Department during the
last 6 years with clinical features of coronary heart disease
In 52 of these {Table I} there wa3 electrocardlographic

Tabdle T
Health_of Coronary Patients Pumbers
Healthy (2 were pregnent) [
Premature menopause 19
Hypertension (LBP > 110}
yfz were also pregnant} 18
X is or hyper rolaemia

Djabetes mellitus
Anaemta (Hb < 557}
Acrtic valve diseadse
Cushing s disease
Hyxoedema

[SECEFRWEVIF

The health of 52 women wno developed corcnary heart disease
under the age of 45 more than one disorder was present in
several women
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14 of my 1sl ischaemia or infarction In 37 per
cent menstrustion had ceased before the onset of their first
symptoms this was due either to surgical removal or radiation
of the ovaries or to a spontaneous premature menopause and
this observation confirms ard amplifies the findings of Spitzer
et al (1957) Severe hypertension was present in nearly one
third and coexisted with other discrders in 3cme endocrine
dlseases were also comion This analysis indicates that a

| premature menopause 1s at least as important as severe hyper-
tension in the development of features of coronary heart
disease in young women

The decrease in the male/female ratio with age is due
partly to a disproportionate increase with advancing years in
the incidence of coronary heart disease in women It is of
course well known that the peak incidence of coronary heart
disease occurs in women between 80 and 65 years and s five or
ten years after the peak incidence in men {Hedley 1939 Master
et al 1939 Peel 1955) but the rapidity of the increase in
the incidence of coronary heart disease in mlddle-aged women is
lees generally recogulsed Although there are more male deaths
from coronary heart disease at all ages a recent analysis of
the Reglstrar-General s statistics has indicated that between
L0 and 69 years the rate of increase in coronary heart disease
in women is three times that in men (Oliver and Boyd 1959)
This observation suggests that the involutionary changes of the
menopause are directly associated with the development of
coronary heart disease in some women and this is supported by
the finding that women who have had both ovaries removed befors
the age of 35 develaped coronary heart disease prematurely and

ore frequently than a comparable control group of women from
hom only one ovary was removed {Oliver and Boyd 1959)

These sex differences in the incidence of corenary heart
dlsease are apparently leas marked in primltive communities
(halker et al  1956) and in the American negro population
(Woiss and Gray 1954)

Pathological Svudies

Autopsy studies also indicate that coronary atheroma
cccurs more commonly and to a greater extent in men than in
women but the differences between the sexes is less marked than
1t s for the clinical manifeststions of the disease Indeed
Tober (1953} estimated that under the age of 40 the male/female
ratio for atheromatous lesions of the coronary arteries was no
more than 4/3 Holman et al (1958) studied the incidence of

{tntty atresks in the aorta of white and negro populations in
the United States and reported a definite male predominance
1in the whites under the age of 40 but in contrast there was
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ja female predominance in the megroes  An autopsy study of the
incidence of myocardial infarction has also imdicated that
under the age of 50 there is in the white population a male/
female ratio of sbout 4/1 yet no such gex differential exists
in a negro population study under similar circumstances (Thomas
et al 1957} This lack of any significant aex difference in
the negro both in the incidence of clinical coronary heart
disease and in the autopsy assessment of coromary atheroma and
of myocardial infarction has 7ot yet been adequately explained
Further support for the view that 8ex influences the incidence
and degree of coronary can v from the obser~
vation of Wuest et al (1953) and Rivin and Dimitroff (1954)
W0 report more coronary athercma than normal in women from
whom both ovaries had been removed similarly Hawke {(1950)
observed less coronary atheroma in eunuchs when compared with
normal men

These clinical and pathological studies suggest that sex
differences in the incidence of corcnary hearv disease ara
largely determined by physiological changes in ovarian function

SEX DIFFEREICES IN THE PLASMA_LIPID LEVELS

It is well established that the plasma 1lipids are often
abnorpal in patienta with coronary heart disease and the Sex
differences in plasma lipid levels correspond closely to the
sex differences §n the incldence of coronary heart disease
In Heslth

In health plasma 1ipids and lipoproteins alter according
to age and aex In Figure 1 the influence of age and sex on
the plaama cholesterol level I3 shown semidliagramatically for
this purpose the changes which occur in the concentration of
plasma cholestercl can be regarded as representative of altera-
tions which occw in beta-lipoprotein cholesterol  These
analyses have all been obtained from healthy meabers of the
Undversity and hospital teaching clerical technical and
domestic staffs, and also from students and from patlents
receiving physiotherapy follewlng a fracture From this figure
certain features emerge The plsswa choleaterol af nawborn
{nfants of both sexes is low but rises rapidly after birth
(Sperry 1936) In males, the plasma choleaterol gradually
rises up until the middle thirties and thereafter, in Britain
1t regains more or less canstant these findings agree well
with those of Adlersberg (1956) 1In females ths plasma
cholesterol level fluctuates over a wider range and ms three
main influences = the sk 1l cyele the and preg-

naney
~ With each menstrual cycle, the plasma chaleaterol and beta-
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1ipoprotein cholestercl varies regularly and st ovulation they
are aignificantly lower than at any other tims in the cycle
the plasma cholesterol may be as much as 20 per cent lower
than the level during the preceding and succeeding weeks
(Oliver and Boyd 1953a 1955b) Pollowing the Menopause the
plasma cholesterol rises abruptly and in women in the 50-.9
age quinquennium it is about 35 per cent higher than in women
twenty years younger (Oliver and Bayd 1953b 1959)  Since
the plasma cholesterol and beta-lipoprotein cholesterol rises
after the premature surgical removal of both ovaries (Robinson
t al 1957 Oliver and Boyd 1959) the post-menopausal

/Elevauon of these lipids is probably due at least im part to
varian 1 and A of trog:

1 That secretion may be claosely
related to plasma lipid fluctuations in healthy women ia further
phasiszed by the fact that oestrogen secretion is maximal at

vulation (Smith and Shith 1936 Brown 1955) which is the

phase 1n the menstrual cycle when the plasma cholesterol is
lowest

Moreover administered cestrogens lower the plasma
holesterol and beta-lip cholesterol (Eilert 1949
Barr et al 1952 Oliver and Boyd 1954 1956)

In pregnancy
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(represented in Figure 1 by the letters P) the plasma choles«
terol risss during the last three months by about 50 per cent

and does not approach the normal non-pregnant level until three
or four months after confinement
,of pregnancy has not yet been explained (Oliver and Boyd 1955)

and is the

ite of the

The hypercholesterolaemia

cestrogen secretion

The plasma 1lipid and lipopr
nancy is similar to that seen in patients with coronary heart
disease and one question which arises is whether the arterial
intima is harmed by such episodes of hypercholesterolaemia
Various authors have reparted the presence of many fatty streaks
on the aortic intima in advanced pregnancy and in order to
investigate this problem further two surveys of the relationship
of parity to coronary heart disease have been undertaken in

women over the age of 45 years

in terms of

in pattern in preg-

In the first survey, the parity

of 500 women

appendicitis

Coronary
disease
group

Hospital
control
group

Age

years

63

63

60-64

1y with electrocardiographic
evidence of myocardial infarction was contrasted with the parity
of 500 relatively healthy women who attended hospital for
treatment of superficial injuries burns minor fractures or

In the coronary heart disease group there were
fewer unmarried women (Table II) and more with large families

Table I3
Total Unmarrieq ~ Fercent of
unmarsied
humber women women
500 61+ 122
500 109+ 21 8
33 55% 7 063 210

A survey of marital status in women with coronary disease
women with superficisl injuries burns minor fractures or
appendicitis and healthy women in the south-east of Scotland

* P<0Q 01

(Table III)

In the second survey the parity and incldence of

coronary heart disease was determined for all women over 45 in
a general practice and all women over L5 who attended a Casualty
Departament for treatment of superficlal injuries bdurns or
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Table ITI

CORONARY PATIENTS OVER L5 YEARS

Total Number with & or
Number more pregnancies

Hospital Controls 439 135

Coronary group 439 170 0 02>P>0 01

HEALTHY MEN__OVER 45 YEARS

Total Number with coronary
Number disease

3 pregnancies or less 450 18

4 pregnancies or mors 316 23 010>P>0 05

minor fractures over a period of six months (Table III)
Although less significant than the first survey this also
suggests that coronary heart disease may be more prevalent
Iin women with large families similar observations have been
made by Winkelstein et al  (1958) These preliminary results

are far from They are obviously open to many
interpretationy and do nat necessarily indicate that repeated
D to the hyp: terolaemia of i3 harmful

to the arterial intima There must be many variables for

example hypertension and obesity are more common in multiparous

women and the giress of caring for a large family must surely be

considerable

In Coronary Heart Disease

The chief sex difference in the plasma lipids of patients

with overt coronary heart disease is that hypercholesterolaemia

is more often present in young men than in young women indeed

normal plasma lipid levels are uncommon in young men with

coronary heart disease (Oliver 1958) How much this is an

expression of masculinity is difficult to assess but it 1s

known that androgens elevate the plasma cholesterol and beta=
\llipopratein cholesterol (Barr 1953 Oliver and Boyd 1956)

In contrast hypertholesterolaemia is hot particularly common

in young middle-aged women with coronary heart disease and in

this group hypertension occurs more commonly 1In Figures 2

amd 3 these sex differences in coromary heart disease and the

incidence of hypercholesterolaemia are illustrated The figures

for the incidence of coronary heart disease have been derived
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F gure 2 The age distribut on of consecutive male pat enta w th
acute myacardial infarction or i chaemia and the ncidence of
elevated ke um cholesterol level a» eatimated three o more
months lay

from the 1 000 1 with 1al infarction
or ischaemla to whom reference has already been made and the
figures for elevated plasma cholesterol levels were derived
from plasma estimpations made in 500 of these patienta three or
more months after thelr recovery from the acute episcde The
arbitrary choice of a particular figure to act as the dividing
line between elevated and noymal plasma cholesterol levels has
already been described (Oliver 1958) In Figure 2, the male
predominance in the incldence of coronaty heart disease under
the age of 50 and the frequency with which elevated plasma
levels cccur in these young men are both shosn  In Figure 3
the post-menopausal rise in the incidence of corénary heart
disease and in plasma chol 1 are both 111
SRMUARY

Clinical and pathological studles of sex differences in

the incidence of corenary heart disease suggest that they are
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Figa 3 Th age d stribut on of consecut ve femals pat nte
with acute myoca d al infa ction or lschaemia and th 1inc § nce
of elevated  rum choleste ol levels as e timat d three o mo e
month lat r

| derived partly from shystologtcal changes in ovarian function
With the exception of pregnancy sex differences in the
\plam 11pids in health are probably due largely to physiological
changes 1n endogenous oeatrogen secretlon
In both sexes the incidence of coronary heart disease and
the incldence of elevated serum 1lipid levels are positively
correlated
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Radiology
A G LEATHAM

I shall remind you of a technique for coronary angiography
1in live dogs which has been developed in the Cardiac Department
of St George s Hospital by Drs Graeme Sloman and Keith
Jefferson (1960) and was presented at the last Meeting of the
Association of Physicians I will then describe improvements
wh ch have been recently carried out by Dr George Michell and
Mr J Davies I apologise for discussing a technique to a body
of elini but the develapment of a safe method for performing
coronary angiography 1s of vital importance in the development of
our knowledge of coronary disease and of its treatment It should
prove of value in
The differential diagnosis of pain in the chest
Studying the natural history of coronary disease
Assessing the results of medical and surgical treatment
A2 a pre-operative test to study the localization of
the disease if a suitable operation should be devised

To obtain satisfactory visualisation of the coronary arter-
ies the contrast medium must be injected into a coronary artery

into the as sorta, and ¢
catheter which has been inserved inta the right brachial artery
Dr Mason Sones of Cleveland has perfected the coronary artery
injection technique but 1t is felt that the injection of one
vessel at a time may result in differential anoxia of the myocar-
djum and the risk of ventracular.fibrillation Our injection of
08 -1cc of 855 Hypaque per kg of body weight has been
made into the ascending aorta just above the acrtic valve through
a catheter with spirally placed side holes and a blocked end
hole To obtain good visualisation Sloman found 1like athers

e N e

before him that it was necessary o Induce simua
op _gardiae arrest with-acetylcholine {Dotter and Frische 1958)

{Figure 1} Acetylcholine proved safe in over 100 experiments
1in this department and has been used in human subjects in France
{Armulf and Chacornac 1958} but potentially it is expected to
be a dangerous procedure and we have sought a safer method
Gregg (1950} has shown that coronary flow is almost confined ~m,
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Figure 1 Coronary anglogram in a dog Injection made during acetyl
choline arreet

}to diastole {Figure 2) and injection of contrast medium in
diastole avolding systolic dilution was suggested by Richards

and Thal {1958) Mr J Davies in our Department has developed
an electronig.device using relays fired by the QRS of the electro-
cardlogram which actuate a Talley injJector (Pattinson and
Somerville 1958) after an interval which can be varied to
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Figu ¢ 2 Gregg s diagram showing dominance of corenary flow in
Jiastole A P s the aortic pressure CF is coronary flow
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suit the individual heart cycle The difference between systolfc
and diastolic ingection 3s illustrated in Figures 3 and 4
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F gure 3 Co cnary angog am w th nj ctonmad du ng yetole
The eco dngshowsth trmngofth 1nj ctonin slat oo to the
elctoadogamb oticp e surepul e The toptrac ng wa
P oduced by the sound of the mject on the line d awn hor zontally
above the E G G show the actual tim ng of the njection into th
aorta aft co ctionfo lag Th beginning of the Line b low th
E CG 5anautom tic ind catlon of th moment of x ray exposu ¢
Thecoona yat #  pooly howna xpected

135
-~



%

—r”
f
) [
- ,
~ 3
2

RTHRIHITATRIETmEn

T r

[ ! ! ! r
A T

Figu 4 Co onary angiogram with injection made during diastole
and consequently better filling of coronary arteries Th film was
taken In the same diastol as the inj ction to how proximal corenary
filing

The x-ray techniques are of vital importance in obtaining
good coronary angiograms Using an indirect technique with a
Pnilips amplifier and cine camera at 32 or more frames per second
transient filling of coronsry arteries 1s not missed and it may
be possible to detect retrograde flow beyond an obstructed vessel
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We have also employed direct radiography for this will always
yield greater detail Using a Sch¥nander cassette changer with
six films & second 1t was found that exposures made immediately
after the injection in the first diastole showed the best filling
of the proximal c TY arteries (Figure h) while exposures
made in the second diastole were best for the distal branch
(Figure 5) Since the use of a single film yields an even clearer

(29

¢
A el ———nn 8

Figu ¢ 5 Coronary ang og am w th njectionm d ind a tole and
film taken nth & ondd a tole to show filling of d stal b an h &

plcture and avolds the need for an expensive film changer the
automatie injector has been arranged to give two {or more) injec
tlons in succeeding diastoles This technique has produced very
good f1lling of bath proximal and distal coronmary arteries in one
f1lm (Figure 6}

Our conclusion 13 that the coronary arteries of live dogs
can be adequately consistently and safely filled with contrast
medium by the use of special technigues and that it is naw
justifiable to apply the procedure to human subjects
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Fifure 6 Coronary anglogram using a single film following two
diastolic injections There is adequats filling of both proximal and
distal b anches
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DISCUSSION

CHATRMAN: I em sure You have soms points you would like to
Talse or questions you would like to put We as practi ing
physiciana, are concerned with these tatlatical and epid miclo=
glcal studies indirectly, that is to say we want to know wh ther
as yet we are justified in altering the dietary habita or habe
its in regard to work and exercise, of our patienta or whether
we are justified im giving to mel patients oestrogens and so
forth So I will ask anyone who wishes to spesk to do so now

DR__FLETCHER( Could I ask Dr Oliver a simple question? The
male/Temale ratio of his young patients in hospital was nineteen
to one and mortality ratilo four to ons? Now does this mean
that there is a diff rential diagno tlc error coming in h re

or 1a coranary disease sny more fatal a dis a e in young women
than in young men to raise the relative mortality compared with
admission figures?

DH _OLIVER; The male/female ratio is certainly in a very
amall group 1 e 19 to 1 in the under 35 group I think that
we should mot pay too much attention to this because there was
only one woman in that particular emalysis Could we put 1t
more at th level of 10 to 1 not 19 to 1  Becaus uni r
forty-five if you put together all the m n and women you get
about 10 to 1 which 4 a more r asonable figur We hav no
evid n that ther 1s a differ ntial male ratio in mortality

DR_McDONALDS I would like to ask Dr Oliver whether in the
patients who developed cardiac inf:

ting there was any evid nce of a peak incidence at any phas
of the menstrual cycle or whether the dates of infarction were
v nly spread throughout the cycle

DR_OLIVER1 I am afraid that I cannot angwer that I cannot
Toll you the r lation of the menatrual cycle and th pattern of
cardiac infarction

DR_WJLLIAMS: May I agk Dr Oliver if he has any infor=
mation ab ut thyroid function apd its cyclical changes during
o nstruation and its relationship to serum-ciolesterol in wom n

DR_OLIVER: I have no information about that Sir I am eware
that there 1 a eyclical change it does not fit in with the
change in cholest rol I understand that the alteration in
protein-hound lodine(PBI 1J1)that does occur during the menstrual
cycle 1s not that which on Wwould expect in Telatlon to th
chanre in cholest rol Indeed it is lov r immediat ly before

i natruation than at ovulation

DR _XEMBALL PRICE: Morris did mentlon the subject of nervous
stre s He passed it over rath r quickly As a clinician one
43 impre ed by the number of tim s one ees myocardial infarc-
tion pre ipitated by exceptional nervou stratn and one reald
that it is a very difficult matter to as ess statistically I
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wonder whether any work is being done to inveatigate that aspect?

DB__JACOBS¢ I would like to ask Dr Morris whether he has any
data on (i) relation of coronary disease to body type and (1i) ot
blood 1lipida to body type?

DR__ROBFRTSON1 Could I ask Morris if he hag thought of cor—
Telating the motor-car habits and the number of miles driven
with the incidence of coronary heart disease?

PROFESSOR CRAWFORD)  Hegarding Morria's observations on the
incidence of atheroma in coronary arteries, I would Iike to
comment that I think as & morbid apatomist I would be right in
saying that morbid anatomists in the 1908=1913 period were more
meticulous observers than the modern ones This is particularly
in recording minutiae such as the degree of stheroma in eutop=
sies where it was not a Very important feature I think that
he should hesitate in assuming hecause records he examined

gave the picture of more advoncod disease that there has been
a diminution in mural atheroma today

CHATRMAN; Were those atatistics from the London Hospital
hological Department Dr Morris all in Professor Turnbull's
regime ar before?

DR, MORRIS: Yes Professor Turnbull Ha atarted in 1907

CHATIMAN:  Those all apply to the same regime?

DR__MORRIS¢ Turnbull's Wood a and Russell s = yes

CHATR1AN: I think that rather removes the objection in these
particular statistics, because anyone who has seen the post=

mortem reports in the London Hospital will realize they are
very uniform

DR_MORRISt Yes and the figures did I think go up until
1956

CHATRMAN; T hope they ars still as uniform as that

PROFLSSOR M MICHAELY  This problem of large populatlon surveys
In different countries seems to me to bear some relationship to
the adequacy of the medicel services to the whole populstion
many of these studies have been based on frequ ncy with which
diamnuea are made and very often of course if the aurvnyu
particularly in poor rural populations are not nearly so
they are simply not looked st  Then there was one great r..uuey
which I think argse {n France ~ I notice that he had left that
off his 1ist ~ the French doctars were in the habit of it of
diagnosing coronary disease only when patients died in the acute
episode of myocardial infarction Otherwise it went into the
rubblsh heap of myocarditis and there were tens of thousands
of patients Tecorded as dying from myocarditis in France which
obvigusly would have been diamgnosed as ischaemic heart disease
in this country Then one has to take into sccount the age
distribution of population In Uganda they tell me that in the
native population a man of forty is an old man and th refore
the alleged low incidence in the African matives may be largely
or partly the result of the fact that there are very few people
Who 1ive into the age in which myocardial infarction becomes &
paulibllity or 1 ressonably frequent probability I think all
m.n 5 make these population surveya very difficult indeed
oo ® I wna very delighted when I went to Makerers receatly
0 sea that Professor Davies has in fmat collected and labelled
with the age about 700 uncut hearts in which he 1s waiting for
someone to do & controlled study comparing them age by age with
the cOronAry arterles of a corresponding group in a western
civilization I do hope that something will Te done about that
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falrly soon It is & TemaTkuble bit of forealght on his part
to restrain himself from further examination of these hoarts apd
wait until a proper comparative study osn be made

PROFESSOR MORR I entirely agrea with Professor MaMichasl
about the dm\nm velue of this kind of iInternational .cnhuu
and T hope I did not create an impression that I hold by them

Loft out France intentionally and I left out Portugal Chile,

and a1l these other countries which are ususlly Lntrodueed into
these figuress, bevause I hava no idea what the deatha
arteriosclerotio and degenerative heart disease meen m Chi

and I suspect that other people who are writing on these equnlly
have not very much idea ss to what they mean

In regard to the age diatribution there is an important
point here, in =ddition to the one that Professor McMichael
mada  aad that 1s that it 1s a very queer guy in some of these
comntries, who survives to fifty This ia a problem which ha
been Amposaible to tackle It spplies too iu the West  Thers
is a tremondous number of People now surviving from infancy who
would not have survived fifty yoars ago but how to tackla this
Problem directly or indirectly nohody has been abla to suggest
Trofasser Davie o seven humdred hesres ~ T will not say that

e my mouth water but it suggests soms id as  Nervons
-tx‘li.n = I would cofor you to the feeent pap © by Friedmm
the Journal of the Amoricen Medical Association
(1959 1_2 1256) This peper r pre ents to me a considerable
advanca on his previous paper It seems to me that it is not
20 open to so many oriticisms as his previous paper and I think
1t ia ferribly important; the prevalence of coronary heart
dissass that ha describes in this high preasurs group of his
this group 4 by and wmeeting
d adlines and 8o forth 1s ramarku‘hly‘ differont from his controles
however queor bis co But 1t seems to me theve 1a
oy Lopercont bservasion here and 16 ia a Great shems thet
Shis promien has not boen tackl 4 more seriously. It be met only
a quegtion of blood 1ipid changes with streas, such as you see
before ote but el chang
gheng  in clotting tine ohanges in esous senilis and so forth
Bodytype - there are eve alating b
coronary heart diseass The fieei was By Gertl 7 and Vnirh e
suggested that m somorphs t nding to fataness v re particularly
1ikely to d velop this dises ¢ and this was confirmed by Spain in
bls post-mortem study W¥e found among our bu m n that driv rs were
fatter or bigg r than conductors right from the start of the
careor “but HH15 Gves net Seon So s worrelated with a aiffersnt
experience of Goronsry h art dlsease apd particularly with a
differ nt experience of sudden death from coronary heart discase
betwaen drivers and conductors We found that more fat young
drivers are lisble to sudd n death than fat young conductors
middling drivers more than mlddling conductors and thin drivers
more than thin conductors Blood 1ipidas = Yes there has been
quite a bit of work on that end Tanner = wes the last Briti h
peper showing that mesomorphs had a higher blood cholasterol
and there are sev ral papers on that subject A lot of this
wark 1s reviewed in the April issue of the Postgraduate Medical
Journal which I would r commend There 1 an extraordinary
interesting collection of data; the whole issuo is devoted to
th se problems Motor- ars - no 1t would be v Iy very diffi-
cult It would hav to be done on an individual ba is I am
efrald that we have not attempted that Th se time serles are
very difficult ev n in much more aimple thinge than coronary
atheroma but what I would like to etress that th re 1s no
evidence whatev r of an Incr ase in atheroma wh r as there is
plenty of vid nce of an increase in octlu iom — of frank throm-
bosls of myocsrdisl infarction of 1 chaemic myotardial
fibrosis of all the other things The tatd tica I put on
Were more rec nt than for the whale country but if You u o
Teasonably comparable London Hospital data that 1s ta say
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post-mortems carried out by Turnbull Wooda and Russell before

the first ¥World War - Voods was there from 1911 remember =

up to the 1940's you got the same sort of story So what

you can draw as an inference from this (and recent vork has
onnmad 1t m Gammy. I understand) that there ls no sugges—

in mural ed

vou.'ld be f.ntn.tlc Af there was because the nopulauon was

sbsolutely atiff with mural atheroma before the first World war

and st the end of the nineteenth century If you look through

Robert Muir s data in Glasgow mround the beginning of the century

there is & amount of coro and the same

thing Ls true in the Boston City Hospital from Hallory s data
at has changed 1a occlusi n thrombosis acute infarcts
ptured hearts and all these other things

CHAIRMAN: T would just warn you that talking about statlatics,
rofessor Yudkin has stated that the trend of coronary mortality
in this country can be most closely correlated with the number

of wirelesa and televiaion sets that people poases




Some Aspects of the Pathology of
Coronary Occlusion

T CRAWFORD

Coronary occlusion used to occur as a complication of
syphilitiq gortitis but this cause ia now rare in this country
we see occlusion occasionally - I can remember three or four
cases - due to embolism occurrirg in the course of bacterial
endocarditis I have seen two examples due to dissecting aneurysm
and one which I interpreted rather hesitantly as thromboangiitis
obliterans but for mractical purposes coronary occlusion arises
as a complication of coronary atheroaclercsis and its pathology
1s a speclal aspect of the pathology of atherosclerosis in
general The general features of the pathology of athero-
acl is have bgen at earlier i of thia con~
ference and my purpose now 1s to take some special aspects of
atherosclerosis in the coronary arteries and lock at them in
more detail
Gross Pathology

Much can be learned about the extent and distribution of
disease in the coropary arteries by the use of post-mortem
radiographic studies These techniques were ploneered by
Gross (1921) and have given much information It is possible
to simplify the technique 50 that it can be used almost as &
Toutine post-mortem study and my colleague Dr Dexter has teen
doing this for several years

The normal arrangement of the vessels is of interest in
L8 per cent of cases (Schlesinger 1940) the right coromary
artery is dominant carrylng the blood supply for the greater
part of the posterior wall of the hesrt and the posterior part
of the septum (Figure 1) in 34 per cent the blood supply to
these regions 1s shared by the right coronary and the circumflex
‘branch of the left and in 18 per cent the right artery termi-
nates at the right border of the heart the left through its
circunflex branch being responsible for the whole posterior
rTeglon There is some evidence that the 34 per cent with a
shared eirculation are better placed than others as regards
ischaemic heart disease and that the 18 per cent with the left
deminance are in the worst position




Figu ¢ 1 Post mortem arteriogram of heart showing the right
Jominant pattern There la atenosis of the leit anterior dese
cending artery
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Atherosclerosis is usually most advanced in the proximal
parts of the maln vessels extending for some 5 c¢m through the
left trunk into Lts anterior descending and circumflex branches
perhaps 6-8 cm in the right artery Discgete atheromatous
plaques do however often extend more periplerally especially
in hypertensive subjects The plagues tend to be localised at

{ points of branching where they give a characteristic appearance
of nipping in the x-ray picture (Figure 2) The commonest -
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F gu__2 Enlarged post mortem a ter og am how ng nipp ng

byanatn o cl otic plagu atth o ginofab an ha tery

indeed almost constant - site for advanced lesions is in the
or descending branch-of the left artery
and this 1s often very severely stemosed This 1s also the
commonest single site for complete occlusion though in our
material occlusion is only slightly less common in the right
(artery vhere it may be elther proximal at about 2 ca from
the origin or much more distal at about.2cm Compl te seclu-
slons of the circumflex artery are rather less frequent and are
usually situated about 1 cm beyond its origin and it is by mo
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means rare to find two of the major arteries obstructed - usually
one old and one recent occlusion (Figure 3)

With Dr D Teare and Dr D Dexter I have recently been
assessing the distribution and extent of disease in the coronary
arteries in cases of sudden death attributable to this cause
The following table gives some of cur preliminary observations
regarding the pumber of arteries severely stenosed

Fatal Cases of Coronary Disease

Cases showing stenosis or occlusion of

1 artery 2 arteriea 3 arteries
zg fgg“ 2ged 28 per cent | A4 per cent 16 per cent
25 cases aged

FoRe L 3 " n g n n

For the calculation of these figures stencsis has been
‘tnken as reduction of the cross sectional area of the lumen to
ong quarter or less of the spparent normal, assessed by study
of serial sections of the atenosed segments which were located
by dlssection following radiography It will be ssen that even
with this strict criterion for stenosis, multiple arterial
involvement occurs in 60 per cent of the older and 44 per cent
of the younger subjects This multiplicity of stenosing and
occlusive lasfons has been recently stressed by Branwood and
Hontgomery (1956} while Szilagyi McDonald and France {1958)
came up against similar trouble when assessing the applicability
of angloplastic procedures in coronary disease

Ve have found no evidence to support the view which i3 often
expressed that fatal coronary disease in young men is a "dif-
ferent™ condition from that occurring in the more usual age
group in all these cases yourg and middle-aged the fatal
stenosis or occlusion was on a basis of atherosclerosis as it
13 usually defined -The differencea between the two groups are
slight and purely quantitative, consisting in general terms of
more widespread disease with more extensive atenosis and calci-
fication in the older group than in the younger - though
1individual members of the younger group have shown just as
extensive lesions of all types as occurred in the older group
The Mechanism of Stenosis

It is not encugh merely to state that the stenocais ia the
result of atherosclerosis for it is common experience that even
severe atheromatous disease of the vessel wall often leaves the
calibre of the lumen unaffected while at other times - notably
in the abdominal aorta and in the baailar artery but sometimes
1n the coronaries - 1t even leads to dilatation This varia-
bility of the effects which atherosclerosis has on the calibre
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Fgue3 Pot mortem arte wgram showing occlus on of Both
th 1ef anterio de cending and the right aromary artert

of the lumen 1s one of its most perplexing features and in
considering it I must recapitulate scme of the general features
of the atherosclerotic process
The patchy intimal thickenings whlch are the hall-mark

of that process have two ~ fatty lations and
ense collagen-like fitrous formations  Jometimes the ome
elenent and sometimes the other say predominate bus both are
always rep: of coronaries
ope finds occasionally & zone in which the harrowing resulis
from the sheer bulk of lipid in the wall but much more frequen-
tly the na¥rowing of the chamnel 1s associated with great arcs
of dense fibres irregularly thickening the {ntima and reducing
the lumen (Figure 4) It i3 clearly of paramount izportance
to determine the sources of these two offending substarces and
I w111 consider first the fibrous elezent wiich I belleve to

outstandingly the more important in the bulld up of stenosis
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F gur 4 Coromary stenosis resulting from incorporation of
succe sive mural thrombi
Stained van G eson X 12

Thiz element received very little attention until 1946 when
Duguid expounded what 13 now commonly referred to as the
throubogenig hypothesis and which Professor Dible has discussed
in an earlier paper at this conference To avoid repetition I
will limit myself now to stating my view that in the majority
of instances significant stenoses result from the incorporation
of mural depcsits varying in oize from slender fibrinous
threads to quite bulky coagulation thrombi It £s often quite
easy to trace hr ic episodes in the
intima (Figure 4) though psrhaps more often the margins between
the deposits bacome merged in the process of organisation

The crigin of the fat in the leslons 1s less clear to ne
and there are several possibilities The classical view 1a the
imbibiticn tseory expounded by Aschoff {192h) the fat being
regarded as entering the intima from the plasma by a sort of
pressure filtration mechanism Alternative views are that the
fat arises from the softening of incorporated thrombi froa
repeated intimal haemorrhages and from the degeneration of
{elastic fibres There is some evidence that in the early
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stages the fat enters the intima by the imbibition mechanism
but that later on the other mechanisms are respenaible for
contributing further fat to the area Small intimal haemorrhages
undoubtedly occur (Morgan 1956) and the blood which escapes
can be expected to break down to fatty debris while many of
the hyperplastic fibres which form in the thickened intlima are
certainly prone to fatty degeneration (Adams 1959) In my
pe however prog laying down of fat is only
exceptionally the cause of the stenosis Fat plays its
important part early in the process by inflicting the original
amage on the intima and in the great majority of cases stenosis
wults from deposition and incorporation of thrombi
The Mechapism of Occlusion
Thwchanlm have been mooted for the final elosure of
a diseased artery thrumhosis occlusion by atheromatous debris
\and intimal haemorrhage Intimal haemorrhage as a cause of
occlusion has been much in wogue lately but I remaln sceptical
regarding its importance In the first place I do not encounter
it in my material with anything like the frequency which some
worgers report and secondly I camot believe that blood
from intimal capillaries could build up sufficient
pressure to compress the lumen in which blood is clrculating
hnder arterial pressure the haemorrhages occasionally seen
orobably follow rather than cause the cutting off of blood flow
hn the luzen
Blockage of an artery by the prolapse of atheromatous
debris into the lumen {Figure 5} is an occasional event
responsible for a small minority of occlusions - perhaps § or
10 per_cent It is not usually possible to declde whether
cclusion has cccurred at the site of rupture or whether the
debris has been swept on as an embolus to produce occluaion
more distally
The usual mechanism of occlusion is thrgobosis in the
narrowed lumen and if this 1s considered in conjun tionwith
my comments on the mechanism of stenosis it will be realised
that the natural history of most of these cases is one of
g eplsodes of thr 5 In the earlier stages - when
blood is flowing rapidly in the widely patent luzmen - the thrombi
are small and are rapidly compressed by the blood pressure and
incorporated in the wall tut as stenosis develops there ia
the tendency for larger thrombi to form and for incorporation
in the wall to be lesa complete until ultimately occlusive
throabosis occurs But even this final occlusion of the luzen
often occurs in several stages and I have been Impressed by
how often the o cluding plug of fibrin is seen to consist of
asveral component parts of slightly different age (Figure 6}
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F gu e 5 Coronary artery occluded by da kly taining
atheromatous debris in the lumen
Frozen section eta ned Sudan III and Haematoxylin X 12

Figure 6 Coronary artery occluded by thrombus showing
deposition in succe aive zones
Stain d Picro Mallory X 12

150



Organisation and Retanalisation

Nobody who has carried out systematic examination of the
coronary arteries in a large number of post-mortem hearts can
be 1n much doubt about the frequency with which coronary
occlusion must occur 1in the absence of both clinical evidence
on the one hand and myocardial infarction on the other wurvival
after occlusion allows the processes of organisation and
Tecanalisation to take place and here a certain element of
pure chance seems to be involyed for sometimes the lumen is
rapidly established by the thrombus retracting away from one
side, while at other times recanalisation has to be effected
more laboriously by the gradual extenslon of new channels in
from the ends of tne thrombus This often results in miltaple
small channels rather than a single large one (Figure 7) and

4 oroma ya te y with mult ple hama 1
Stanedvan G aom X 32

Figa 7 Re anals

it is hard to belleve that they can go far to replace the
function of the original lumen Furthermore they frequently
share the fate of the parent lumen re thrombosis within the
new channels finally sealing the vessel off
151 ™
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In conclusion I would stress the role of recurrent
thrombosis not only in the final closure but in the build-up
10! arterial stenosis and also the episedic character of the

jocelusive lesions with the possible implications this may have
in therapy
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Surgical Attempts at Treatment
R S PILCHER

Many methods have been devised for the surgical relief of
angina pectoris and with short term relief of pain as the
criterion of success there seems to be little to choose between
them  The experimental work which I shall describe is based on

Figu ¢ 1 Post mo tem fajection of the k artof a manof 45w tht n
¥ 31 hito y of angina
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the assumption that no treatment of the ischaemic heart will be
as effective as one that increases the blood supply of the
[myncardium This sssumption is based on post mortem studies of
ischaemic hearts and on the experience of treating ischaemic
legs

Figure 1 shows a post mortem injection of tha heart of a
65 year old man who died after a surgical attempt to relieve his
myocardial ischaemia He had suffered for ten years from anglna
pectoris of increasing severity lately preventing him from
working At pest mortem there was no sign of old or recent
infarction in the myocardium The right coronary artery was
occluded by atheroma at its origin the inter ventricular or
anterior descending branch of the left coronary was patent but
the circumflex branch was occluded at and a short distance
beyond its origin This angiogram was produced by injecting
the left coronary artery with a barium gelatine emulsion and
it can be seen that the material has filled the right coronary
artery and part of the circumflex through numerous intercoronary
anastomoses

Figure 2 shows the heart opened out so as to display the
coronary vessels without any overlap This shows that in

LEFT CORONARY

INTERVENTRICULAR
RAN

\ CIACUMFLEX
[ BRANCH

RIGHT CORONARY
7/

jal 2 Sam b attopened out The whole Injection hus pread
Tram the inte ventricalar branch of the left co onary
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a3itlon to the surface anastomoses between the right and left
coronary arteries there are numerous anastomoses running in the
‘ventricular septum It is ¢lear from this specimen that there
8re good pathways for the distribution of the available blood
& the blood supply was enough to nourish the heart in basal
a0tivity but not enough for the extra demands of exection

This is by no meana an unusual post mortem finding and by and
large the devel t of i

Tonary ticns is
Proporticnal to the degree of coronary obstruction It is
clear from many cases of this sort that intercoromary comuunica-
tions can protect the heart from infarction but may not fit it
for hard work  Tater et al (1951) found that one third of
those who died of coronary disease have no infarction and it

i3 recognised that hard work or emotional stress may precede
sudden death in thuse who suffer from myocardial ischaemia

This situation in the heart is in many ways analogous to
that in the lower limbs when they are affected by arterial
Gbstruction  Frequently a collateral elrculation around an
Qbstruction is adequate to maintaln 1ife in all parts of the
1imb but the total flow may be quite inadequate for exercise
In such a case partial relief may be given in many ways bub
the only way to provide complete relief 1s to put mors blood in
tre limb  Similarly operstions to relieve angina pectoris
should aim at increasing the blood supply t the heart muscle
Ferely to stimulate nature s endeavour to produce intercoronary
anastamoses does not seem to me enough and in some cases seems
o be superflyous

The application to the heart of the succesaful methods of
Telieving lower 1imb ischaemia is technically ible but beset
with great difficulties and it 1s not surprising that surgeons
have been more inclined to try less exacting methods One of
these Is the implantatlon of the internal mammary artery into
the myocardium as advccated by Vineberg (1955) -

The experimental work in the Surgical Unit at University
College Hospital has been confined 5o far to a study of the
internal mammary artery implant and certain modificatians of it
Vineberg s claim that the internal mammary artery implanted into
the establishes ons with the caronsry
arteries has been fully confirmed as also has his observation
that more auccess attends the operation when there is a Giological

eed for it Vineberg s operation has been criticised on many
counts of which the most pertinent was expressed in a recent
leader in the Lancet to the effect that no one had demonstrated
tre direction of flow in the implant The flow &5 in fact in
the intended direction from internal mammary artery to heart and
it has been possible ta make crude measurements of the amount of
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flow

Three groups of experiments have been done in the first
the Iinternal mammary srtery was implanted into normal myocardium
and the animals were sacrificed at varylng intervals afterwards
and studled for the development of communications between the
internal mammary artery and the coronary vessels In a second
series the internal mammary artery was implanted as before and
at varying intervals after the implant the anterior descending
branch of the left coronary artery was ligatured Reports of
the mortality of this ligature in a normal heart vary widely
but all workers are agreed that It is a potentially lethal
procedure  There seems little doubt from the results that the
internal mammary artery implant protected the dog against the
lethal affects of the ligature provided sufficient time had
elapsed for the anastomoses to form In the third series of
experiments the internal mammary implant and the ligature were
done at the same time in order to provide the maximum biological
atimulus to the formation of anastomoses It was to be expected
that a large number of these animals would die and there is no
evidence that the internal mammary artery implant provides any
immediate protection The procedure at the termination of the
experiment was the same in all three serles The internal
mammary artery was exposed and was divided a few centimetres
above its site of implantation into the heart The back flow
from the cardiac end of the mammary artery was measured and after
death the heart was removed and an attempt made to inject the
mammary artery with barium gelatine emulsion Vhen there was a
good back flow it was usually possible to fill a part of the
coronary system through the internal mammary artery In a few
dogs measurement was also made of the forward flow The method
employed was crude but allowed comparison of one dog with
another without giving a true measure of the flow A polythene
coil containing saline in a measured amount was introduced into
the divided ends of the internsl mammary artery and the rate of
displacement of saline by the blood was timed  Another method
used was the timinz of the passage of a small bubble of air
through the coil  This device introduces considerable resis-
tance and gives an underestimate of the actual flow, the highest
forward flow recorded being a 1ittle over 3 ol per minute The
resulta in terms of survival after internal mammary implant anc
coronary ligature are shown in Table I

156



TABLF T

Internal mammary implant follawed by
anterior descending artery ligature

13 waeks after implant 2 dogs 2 survived
8 weeks after implant 4 dogs & survived
& weeks after implant L4 dogs L survived
4 weeks after implant 6 dogs 1 survived

Same tlme as implant 12 dogs 5 survaved

The numbers in each group are small but the results do
suggest that full protection agalnst the ligature is not afforded
until some weeks after the implant The morvality an the four
week group could be in part due to incoumplete recovery from the
first operation for there is no doubt that the ligature is more
lethal if the animal 1s anaenmic

Injection studies of the hearts of the dogs that survived
were of three patterns In the majorlty of those in which the
injection mass entered the internal mammary artery it fill d
both the anteraor descending wnd circumflex branches of the left
coronary (Figure 3) 1In a second group the injection passed

4

Fgu el Dogheart m ¢ty nof ot rnal mammary implant
il ng both b enct s of 1 ft o omary
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from the internal mammary into the gescending artery only
(Figure &) This result is of some importance as showing that
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Figure 4 Dogh art injection of nternal mammary artery
Tilling anterior descending branch of left co ona y

survival after ligature is not dependent on pre-existing inter-
coronary anastomoses which are sald to occur in 10 per cent of
normal dogs but which I have not yet encountered In a third
group in which the injection of the internal mammary artery
failed injection of the circumflex artery revealed a rich
anastomosis between the circumflex and anterior descending
{Figure 5) In no case did the injection enter the right
coronary artery  Intercoronary anastomoses were clearly best
developed in a few doys in which the intemal mammary artery

had failed to establish any large communications with the
coronary arteries In none of the experiments was any deliberate
atterpt made to promote the developrent of intercoronary anas-
tomoses by chemical or rechanical trauta to the myocardfum  Lome
of the implants were studled further by microanglography of thin
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slices cut across the long axis of the artery Figures 5 and 6
show types of branching demonstrated by this technigue

Egae5 Doghat m ctionofc r umflex branch of L ft
Co omary Th mainana tomotic hannel ove the apex is
ut acros

Although these experiments show that the internal mammary
artery can provide an additional source of blood to the myocar
dium there are two unsatisfactory features in the results the
first ia the small size of the addition ta the coronary blood
'supply and the second is the time taken for the development of
the anastomoses It was thought that a bigger flow might be
obtained 1f a bigger vessel could be implanted in the myccardius
In the dog it is possible to implant either the carotid artery
or the subclavian with the formation of wider anastomotic
channels than occur with the internal mammary implant but
nelther of these vessels could be utilised in man nor is there
any artery readily available of a larger Size than the internal
mammary  An attempt was therefore made to provide a larger
channel with a graft from the aorta First a few arterial
homografts were tried but these invariably became occluded early
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Figare 6 T ansverse mic oanglogram of internal mammary impl nt

and the method was discarded 3imilar results have been reported
by other workers with arterial homografts Secordly a Series of
vein autografts was started ard these are atill under study, but
the results 3o far are not promising

Although I think that the internal mamsary implant is of
value in the treatment of ¢ardiac i3chaeaia 1 aam sure that we
should strive for something better and aim to give the remaining
coronary arteries the largest amount of blood that they can
handle To this end it seems logical to make use of the methods
that, have been successful ia the leg, namely thromboendarterec-
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tomy and by-pass grafting The technical difficulties are
great but not I would think insuperable Coronary angiagraphy
would be of great help and pernhaps indispensable in planning
Such procedures  Cannon et al {1959) have published a saall
Peries of coronary thromboendarterectomi s and I knows of other
Urgeons who are trying this method

The important conclusion from tais experimental work is
that it is possible to augment the blood supply of the myccardiun
from an extra coronary source  Although the ncrement is small
and may not meet the demands of strenuous exertion it may afford
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1y 18 superior to metnods which aim only at developing inter-

4 scne protection against ventricular fibrillation and theoretical-
\ coronary anastomoses
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Anticoagulant Therapy
A RAE GILCHRIST

The view 1s gaining ground that local thromboais is the
domipsnt._factor in the production of occlusive coronary disease
Atherosclerosis occurs diffusely and causes dilavation or-"
tuosity and rigidity of the arterles It may persist for years
without much harm resulting but the local development of
obliterative and stenotlc lesions alters the clinical picture
and has serious consequences for the individual For practical
purposes and whatever the mechanism it is not difficult to
advance clinical suppart for the contenticn that recurrent local
thrombases - perhaps no more than the deposition of successive
wlsps of fibrin - ultimately transform the relatively benign
atherosclersis into obliterative vascular disease with all
1ts dangers  Local occlusions stenoses s partial or complets
Salanced to some extent agalnst compensatory re-vascularisation
are responsible for the production of symptoms and gross
structural damage

Obliterative coronary disease is a unity with multiple
facets overlapping one ancther and sometimes difficult to
differentiate sharply Ve speak of three groups wnleh in
fact often converge «,(1/ massive infarction the result of
gross local thrombus formation (2)-finor thromboses microscopic
in size - the probable cause of acute coronary insufficiency
with pin point areas of tissue necrosis {(3¢ multiple stenoses
without infarctions supplemented by subsidiary anastomotic
channels sufficient to an efrculation at rest
but inadequate under the demands of exercise or emotion Local
otclusions witheut infarction are responsible for angina
pectoris  Accepting the role of thrombosis in determining the
onset of occlusions provides a justification for using anti-
coagulants in all three varietles of clinical corcnary disesse
as outlined above
Acute Myocardial Infarction
Clinical Studl s Most experience has been gained with these
drugs in the severest group - acute myocardial infarction
Despite a large number of entirely independent clinical studies
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yielding remarkably consistent results, the great majority of
investigators who have themselves handled simultaneous control
and treated groups under comparable conditions are of the
opinion that anticoagulants are responsible for a reduction in
}ortality amounting to one-half to cne-third of that experienced
n the control group during the first month to six weeks of
hospital suvoervision It has not been easy to reach these
conclusions the variability in the severity of the attack and
in the gy_‘dhzribution being factors of great importance in
the immediate prognosis Our clinical experience of anti-
coagulants in acute infarction {Tulloech and Gilehrist, 1950}
confirmed earlier American work and has been supported by numer-
F:: eritical studies since then The immediate mortality rate

< 4 d of thr lic are significantly
reduced

Attempts to assess the value of anticoagulants retrospece
tively have met with little success and the inferences drawn
are far from convincing The difficulties encountered commonly
result from the lack of an adequate control series from
unavoidable variations in diagnostic standards and particularly
frem a failure to allow for a changing pattern in the disease
process whereby the proportion of elderly patients carrying a
more unfaveurable prognosis is tending to increase year by
year

A striking tion to the inad retr
studles of recent years i3 the valuable contributlon of
VeCluskey and Seaton (1959} who have analysed the results
obtained in two independent medical charges in the hestern
Iafirmary Glasgow over the five year period 1952 to 1956
Rigid criteria were enforced no case being accepted for either
group unless admitted to hospital within 2l hours of the onset
Patierts dying within the same period were excluded and only
those with pathologlcal Q waves were accepted for study Chance
determined the inclusion “of the patient in the treated or the
untreated group  Over the whole five year period the mortality
amongst tho.e receiving anticoagulants was 19 per cent against

39 per cent amonsSt those who did not  Similarly although the

numbers are small the yearly mortelity was consistently in
favour of the treated group (Figure 1) The influence of age
on the mortality rate is shown in Figure 2 ccnatructed from
the data presented by McCluskey and Seaton Over sixty years
f age the benefits obtalned are appreciably less than under
his age though still considerable Thrombo-embolic episodes
were reduced from 35 to 18 per cent 1n favour of the treated
group

patnological 3tudies  The available pathologicsl evidence on
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F gure 1 To show the y arly mortality at & over a fve year p r od

nthe t at dandunt eated groups r port d by McClusk y and
Seaton {1959)

ACUTE_MYOCARDIAL INFARCTION
MORTALITY RATES UNDER AND OVER 60 YEARS OF AGE
(McClaskary & Segton 1959)
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M Cluskey 214 S aton (1959) Itshow th nfluenc of age onth

Mo talty atemnth  multaneously tr ated and untr at d g oup
the value of anti
data

lants is less than the clinical
Analysing 248 consecutive autopsies performed on patients
dylng from acute myocardial infarction we (Gilchrist and
Tulloch 1956) found little difference in the incid ace
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either of intraventricular mural clot or of peripheral infarcts
{n the two groups of treated and untreated patients In the
control group mural thrombl cccurred in 36 per cent and
peripheral infarcts in 21 per cest as against 32 per cent and
15 per cent respectively of those who had received anti-
‘toagulants - statistically an insignificant difference On the
other hand the post-mortem incidence of pulmonary infarcts was
reduced to 3 per cent in the treated as compared with 17 per
ent in the untreated - a reduction highly significant statis-
tically, thus suggesting that ant_iiongulant therapy even in
the least favourable conditions offers some protection to
the lungs Lee and O'Neal (1956) emphasize that to inhibit
succesafully the formation of mural thrombi, anticoagulants
st be commenced within three daya of the development of the
cute infarct
Pulmonary infarcta are deserving of speclal emphasis
They are commonly single, often massive, readily overlooked
1inically and radiologically They threaten survival to a
F3re.\ur extent than the usual embolism of a peripheral artery
‘Pulmonary emboli influence both the imvediate and the remote
prognosis  Only one of Cole's (1954) nineteen patients who
survived the immediate effects of this complication lived
longer than five years The prevention of pulmonary infarection
\is therefore a wmajor deration the 33
of acute myocardial infarction
Yearly Mortality Rates My experience of the mortality rates
from acute myocardial infarction amongst hospital patients
under my personal care during the past twenty years is shown
in Figure 3  Anticoagulants were responsidle for a fall in the
mortality rate by approximately half in the period 1947-49 By
1950-51 the rate had fallen to 16 5 per cent - presumably as
a result of the inclusion of a relatively larger number of milder
cases referred to hospital by the general practitioner in the
hope of active treatment The rate steadied around 20 per cent
until 1954~55 since when it has tended to increass and in the
year just completed (1959) reached 32 per cent in spite of
anticoagulant therapy In point of faét the death rate from
acute myocardial infarction in my hospital seriea 1s now twice
the figure recorded nine years age The probable axplanation
1s that the age incidence haa changed apprecfiably over the same
period of time My hoapital charge now receives almost two and
and a half times &8 many patients with acute infarction over
the age of aixty years as it did ten years ago »hereas the
corresponding increase under the age of sixty ia only approxi-
mately one and a half times greater Age is a dominant factor
in dstermining the immediate prognosls, as shown in Pigure &,
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and hence the- inereased proportion of older people influences
adv rsely the over-all mortality rate The pattern of the
disrase as encountered in hospital practice 1s changing and
the mortality appears to be increasing Retrospective studies
on the influence of anticoagulants comsonly fall to take this
factor {nto account

ACUTE MYOCAROIAL INFARCTION YEARLY MORTALITY

RATES 193959 o7 casesy
wo
sor AC ANTICOAGULANTS 14 USE
ORTALITY
RaTE 49|
e
ANNOM 3
o
1]

'[Aﬁslzlrg?is:552;5;5:;5;5h§}5‘v
F gure 3 Shows th y arly mortal ty rat { om acute myoca d al
infa ction among tho p tal pat ents und r my pe soualca ¢ du ng
a twenty yea pe \od Despte the ontiniedu of anti cagulants
th yearly death rate 1a now t ndingto Lmb p sumablya a
re ultof the latively great r number of pati nts adm tted to the
wa ds ove the ag of 60

AR R b e e e e
OF ace 5 L ® B oW

F gu o4 To lust ate that the age of th pati at at the time of the
2 ut attack 18 a Jom pant factor in determialng th imm diat
P ognoews

Acute Soronary Tnsufficlency

This i3 the term applied to recurrent and prolonged
anginal attacks of increasing severity and \ frequency It is
vegarded as indica ive of an impending major Infarction The
Justification for wsing anticosgulants on a prophylactic basis
1n this group 4s stronz It has been estimated that between
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25 and 30 per cent of these patients develop frank infarct
formation within a month either of the first onset of symptoms,
or of the aggravation of a preceding angina pectoris, in which
the frequency of the selzures has been previously fairly
constant

So far a3 I know no strictly simultaneous control and
treated series have been studfed but Yood's (1959) results
are impressive suggesting that the prompt and continued use
of anticoagulants may not only ward off the impending infarction,
but reduce the frequency and severity of the spontanecus
attacks Nichol (1959) treated with anticoagulants 318

tients idered to have or signs of impending

infarction Only 6 per cent did so Personal impressions
Justify a continuation af this therapy certainly over the acute
phase and for two or three menths thereafter if not indefinitely
Angina Pectoris

Little is known of the value of long-term antic¢oagulants
in this common condition On theoretical grounds there is
much to comdend their use The Medical Research Council's
anticoagulant working party is now tackling this problem on a
long-teru basls and perhaps in a few years we may have collected
sufficlent statistical information to satisfy the critics one
way or another
Prolonged T rapy

On long-term anticoagulant therapy after acute myocardial
infarction I would like to make only one or two remarks as
the facts are all avallable for those who would like to study
them (M R C Anticoagulant Working Party 1959) The conclusions
derived from the preliminary analysis were tentative and we saild
80 Although the difference was not sufficient to be atatis-
tically significant in terms of deaths there appeared to be a
reduction 1n the mortality rate in the first six months after
recovery from the acute attack There was however & signifi.
cant reduction in the re-infarction rate for at least two years
after the original attack We concluded that phenindione
administered continuously to the selected group on whom it was
tested can make a useful if limited contribution to the after-
care of patients recovering from the acute phase of infarction
The evidence in favour of long-term anticoagulant therapy after
adute infarction 13 therefore not complete though very suggestive
In Scotland in criminal cases the jury occasionally returns a
verdict of "not-proven " which in the absence of all the
desirable evidence can ba applied to our present experience of
long term anticoagulant therapy amongst those with permanent
zyocardial damage
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Summary

Anticoagulants make a real contribution to the treatment
of acute myocardial infarction reducing the mortality rate
by half In the first four to six weeks of hospital treatment
The incldence of thrombo-embolic phenomena particularly
pulmonary episodes 4s significantly reduced

P on a long: basis {s still under
trial Complete statistical proof of its efficacy is not yet
available but there is at least a theoretical justification
for the use of anticoagulants in all three varieties of
obliterative coromary diseas

Treatment consists of the oral use of 50 - 150 mg daily
of phenylindanedione - or other reliatle anticoagulant - in a
sufficient quantity to maintain the patient s prothrombin level
3t two to_two_and a half times the control figure There is
nothing to be gained by expressing this relationship as an index
or as percentage activity

The patient's blood should be tested daily at first there-
after perhaps twice or thrice weekly then at two and later at
four week intervals

The contraindications to anticoagulant therapy are well
known  Amongst these hepatic disease diverticulosis and peptic
ulceration are worthy of particular note To these should be
added a recent major cerebro vascular episode Excluding
patfents with auricular fibrillation acute wyocardial infarc-
tion 4s found in at least 20 per cent of those presenting with
heuipiegia or prolonged loss of consciousness Anticcagulants
should be avoided in these circumstances

The danger of haemorrhage is real It should mot oceur
with reliable laboratory facilities and close supervision
Oral Vitamin K; in a vmall oral dose ~ 10 to 20 mg - will
Tapldly correct the bleeding vendency

Anticoagulant therapy is already placing a considerable
burden on hospital staffs and laboratory facilities Untal
some simpler and as effective remedy becomes avallable there
ia no y al %o thia cumber form of
treatment

Acknowledgments
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The Laboratory Control of Long-Term
Anticoagulant Therapy

ROSEMARY BIGGS

The evidence is accumulating that anticoagulant therapy is
Oof benefit to patients with corenary thrombosis both as a short
term treatment and when given for long periods of time The
safe use of these drugs r quires skilled Iaboratory work and a
good co-ordination of the various services The wide acceptance
of long-term anticoagulant therspy would raise very considerable
Problems for the National Health Service Although these prob
lems may not be thought to be the direct responsibility of the
physiclan the safe treatment of patients depends largely on
everyone concerned giving due thought to the questions wiich
arise

e caleulated that if all of the patients naw treated in
the Oxford area on short term anticoagulant therapy were trans-
ferred vo long-term therapy we should soon have over 1000
Patients undergoing such treatment at any one time By sheer
magnitude this would soon invelve additions to staff and recon
sideration of the organization

The two main problems which arise are
(1} the choice of the laboratory method and
{2] the best organization
The Method of Controlling Results
A large nusber of different methods have been used for the

¥ control of lant therapy but only one has
gained any wide acceptance in this country This is the one-
3tage prothrombin time This method has the advantage of extreme
superficlal simplicity Any laboratory assistant can do this
technique and get spparently reproducible results with practi
¢ally no practice at all The reagents are commerclally
prepared or simple to make Detailed study does however
reveal that the method is nat pearly sa rellable as first
acquaintance suggests The results of different laboratories
are often not the same and there is a wide random variatlon in
the resulta which means in practice that great reliance cannot
be placed on singls observations For long-term therapy this
13 a grave aisadvantage when a patient haa one investigation a
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month much reliance must necessarily be put on the single reading
in planning future dosage For thease reasons I feel fairly
certain that the unmodified one-stage method i3 unlikely to be
adequate for the control of long-term therapy

The only practicable tests with much advantage over the
ordinary one-stage method are the modifications devised by
Owren The first of these modificationa is technically much
more tiresome to do than the unmodified test Speclal reagents
have to be prepared in the laboratory and accurate dilutions
have to be made It is not a method that could reasonably be
done in a small laboratory containing no one with any special
interest in blood coagulation Thus if this method were adopted
the problem of centralised testing laboratories for an area
would arise

The second modification is primarily designed for use with
capillary blood but can also be used with venous blood It is
very easy to do but requires a special reagent which has to be
bought from Norway This method 13 not quite so reliable as
GCwren 3 original method but is well within the scope of all
small laboratories

The choice of laboratory methods is not the primary concern
of the physician but fallure to realize that some methods are
much better than others may greatly reduce the safety and
efficlency of treatment

The Or of Laboratory Services

¥ith our present syatem of organization in Oxford we are
constantly faced with a triangular difficulty in communications
The patient sees the physician and then comes to the laboratory
for testing By the time that the testing is complete the
patient has departed for home and the physician has left the
clinic The results have therefore somehow to be transmitted
to the physiclan and thence advice has to be transmitted to the
patient

In some centres this difficulty is partially overcome by
the pathologist taking the responsibility for controlling dosage
This is an individual arrangement and probably not & very wise
one a3 a general rule The pathologlst 1s unlikely to be aware
of all the special medical features of each case

In Norway the reverse organization has been achieved The
medical and laboratery services are run together and the labora-
tory testing {s done essentially in the clinic This again is
not universally spplicable because relatively few physicians
would wish to be directly responsible for a testing laboratory

In most instances a compromiss arr will have to
suffice For example 1t might be possible to organire medical




clinits in the afverncon so that laboratory testing is done in
the morning and all of the results are available by the time
the patient arrives Or the tests might be done on samples
sent by post during the previous week
Conclusion

These very domestic details are probably not very interes-
tng  But domeatic details have a hablt of being very important
Moreover I am sure that now ia the time for this whole problem
of & co-ordinated service for anticoagulant therapy to be
discussed Unl=ss detailed plans are made the widespresd intro-
duction of long-term therapy is likely to cause a breakdown of
the existing pathological services




DISCUSSION

PROFESSOR McMICHAELs  Experience with the entiprothrombin drugs
Haa been satiafactory to most observers in reducing the incidence
and severity of venous thrombosis and pulmonary embolism It 1s
still debatable whether it reduces the frequency of further
extonaion of infarction in the acute stage of coronary occlusive
disesse The enormous variability of mortality in the acute
stage of infarction in reports from diffarent centres indicates
the Lmmense difficulties in choice of controls for such studies
I aball therefore confine my remarks to long-term “anticoagulant"
therapy of survivors from the acute stage where there is & much
greater uniformity of opinion sbout prospscts and prognosis
The 'a influeatial working party deserve great credit
for nuu report on & trial of long-term treatment Closs study
and thought however reveal that some of their documented
results are capable of a different faterpretation DBatter sur-
vival rates in the treated sories in the early months tended to
vanish to statistical insignificance as the trial went on Most
statiaticlans would interpret this es indicating that chance had
been responsible for the earlier hopeful results or that a far
greater nuuber would ba needed to iron out the great varistions
possible in the material The working party's decislon that
benefit was limited to the first six months in younger subjects
ia difficult to square with accepted ideas on pathology If the
treatmont preveats thrombosis why should 1t ce. o do so and
why should it fail to work in older subjects? The longer term
mortality difference though slightly favourable to antie
congulanta® 1s too small to be convincing
Much emphasis was also laid on the higher incidence of
recurr nce of infarction in the control s ries but most
clinicians are aware of the groat difficulty of interpreting
postainfarction pain It is notable that there was a higher
tality rate from Tecurr nt infarctions in the treated group
17/2‘0 with 7 survivors}) while the greater number of survivors
0) of recurrence smong the untreated were on follow-up
spparently Little the vorae as they were no more dyspnoeic than
their treated counterparts
of long-t rm ant therapy are also
far from uniform in their idess about prevention of Tecurrences
and the applicability of the treatment Toohey for example,
had 67 per ent of T currences in his treated series against
20 per cent in his controls while Suzman found comparsble
frequencica of recurrences in treated and untreated though 1
fatsl in the foymer: this contrasts with the gprosite finding
of the KR C ‘Though thess authore! studies v latically
poorly pisaned their exp rience ant and quite the oppec
slte of the K R C findings ‘Toohey iaine £90d results
while Bjerkelund claimed no significant
benefit in thie type of case Advpcacy of long term anticoagu~
tants is thus support d by the most varied and confused
STERINLS hirty years ve have been able to make a positive diage
nosis of myocardial infarction with a high degr e of sccurscy
ond ve cannot afford to neglect the miselve & cumilation of
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eXperience and the very full and accurate studies of prognosis
0 survivors of the acute attack made in this country in the
USA and in Swea n  Advancing age worsens the prognonsis and
younger patients have much better survival prospects in terms
o e~ "If we confine our elv s to the prospects of those
¥ho have survived the acute phase of a single infarction before
the age of 65 there ars excellent avallable reports (numbers

Sigler (1147) and Waldron and Constable {1551} covering 4 165
patients The remarkable thing about these reports 1 their
uniformity giving a prospect of survival at fiv years of 61 to
75 per cent One very remarkeble series was that of Morris on
119 doctora who had & 78 p T cent five year survival after the
first cpisods We can uperpose on ta survival curves of this
large untreat d material the results claimed from tr atment
Asither Bierkelund s nor Suzmsn s results show any impTovement
:n Prospects of expected survival as compar d with this very
arge, 4 tient.

o
Long-term treatm nt with “antl oagulents is far from harm-
less as we have already seem in the papers in this symposium
from Dra Marshall aad Shaw Haemorrhage sometimes severe ia
fr quently reported In 119 cases Bjerkelund had 4 deaths from
G rebral haemorrhage and Fuller has recently reported 2 (?3)
deaths from Newcastle

I sulmlt therefore that the evidence of benefit in prev m-
tion of further coronary occlusion 1 to say the least very
weak We have seen the great complexity of the pro esses of
9cciusive arterial di ease from Professors Crawford and Dible
Dr Poole has shown that even leparin does not prev nt the
initial phases of thrombosis _ Our pr sent m thods of approaching
the problem may be unsound Even if anticoagulants® limit
thrombua formation such bemefit Could theoretically be off et
by subintimel haemorrhage R placement of Coronary throwbosis
by cerebral haemorrhage is tragic _ At present we cam only
expreas our appre iation of the efforts of those of ouxr col-
Leagues who are trying to tackle this very Aifficult problem
and from them we must expect further and we hope miore declsiv
evidence Qur presest prophyla tio efforts have largely falled
24 in view of these disappolnting re ults post infarctiom
Patients hould not be subjected to long continued m di ati m
¥hich keeps th m in a state of fear of clotting om the ome hand
or bleeding on the oth r Good general medical care (such as
doctors appear ta be able to glve themselves) seems to give
Botter results then a trouble oms regime which extends invalidism
and adds to the anxi ty of both patient and doctor
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CHATRMAN;  This is open for further discussion I think
NoMichael has drawn attention to a point that has always puzzled
me in this statisticel 1ife saving - the enormous increase in
mortality in the controls In our series that he has referred
to published thirty years ago we found the incidence of
clinical embollsm eight per cent and if you mdd the two or
three casea of venmous thrombosis, it mekes eleven per cent
Shortly before anticoagulants were used Dlumer analysed a
very 1arge number of cases from different sources and he found
the incidence of clinical embolism eleven per cent Within a
few months almost of anti-coagulant therapy it had shot up to
26-28 per cent in the controls and I have never been able to
understand that I would like to hear other people's views

and I would simply say at this stage that I do mot use antis
coagulants myself as a routine in acute myocardial infarotion
T use them in selected cases, and I have an entirely open mind
on the long-t rm therapy

SIR GEORGE PICKERING)  McMichael has presented a very able
criticism pe the report of the Medical Research Council Working
Party of Which I had the privilege of being Chairman I am
Ta'a s1lght difficulty hers because I have mot Losked at the
Teport or at the figures for some months whereas he has obvious=
1y made & very close study of it DBut he claims that he has no
emotional bias in this, and I wonder very much why the evidence
he produced so strongly was that of Suzman and Toohay Vhose
papers he hag criticiz d later The best evidence I think before
the Medical Research Council Vorking Party was that of Bjerkelund
from 0slo whose findings were very much the same as that of the
Medical Research Council Warking Party He has said that ho
thought 'the unkindest cut of all’ was our reply to him that
if we erred we erred in the interests of our patients and I
think he ought to know and you ought to know that people doing
a controlled therapeutic trial are very exercized about the
ethical mapects of the trial Thay do not really like to feel
that they are doing their patients any harm We saw this yester=
day when the reports of the trials on anticoagulants and cerebral
vasculer disease came alongt there came a stage when those
responsible became unhappy about the ethics of going on  Now
what happened to us in this trial was that thera came a -taea
when the statistioian reported to us that the deaths amongst
those in whom enticosgulants had been withheld were statisti-
cally aignificantly greater than those in which anticoagulants
had b n given And we felt that with this knowledge we were
not justified 1in the patients under our control In wilthholding
anticosgulants Now this as it turred out was rather unfor—
tunate because when the results finally were analysed although
more patisnts died in the series in which anticoagulants were
withheld than in those in which anticoagulants were glven the
difference was not statistically significant Here let mo remind
you of what these things mean A treatment st one end csn save
every 1ife; at the other end it can kill everybody and in the middle
it does nathing at all  Somewhere between that the treatment
may do a little good and 1t may do a little harm s
generally regarded ns statistically significant fs that that
result may be expect d to happen more than nineteen times out
of twenty send that was the difference between this mortality -
there vas a differ nce in mortality but it was not statistically
significant Yow what was stetistically signiffeant was the

of particularly in the fir ¢ few months
after the first one  And that has been quite Justifiasbly
criticized in that this could have been influenced by the pre~
conception of those taking part in the trial; that I think s
perfoctly true and there is no getting away from it I think
that vhat this trial showed was that if anticosgulants contri-
bute to the purvival of patients and if they prevent recurrent
thrombasie this contribution is a modest cne Ve thought it
was real we did not go on with the trial for the reasons I have
atated to your but fortunately thera are otler trials being done
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in other countriea and I hope that some time the evidence will
come together

DR_TOOHEY)  As Professor McMicha 1 has Quoted me I would like
Just to clarify one point - one important point - he quoted some
figures in B paper that I published lest year about tha question
of returrent infarctions; 66 per cent in the treated group an
19 in the untreated group This is perfectly correct  As puint a
out in that paper thie was not it vas clearly stated a yne
chromous controlled trial The confrola were taken retrospec-
tively from patients admitted to the seme hospital before I
started treating patients with long-term treatment and al o

the larger number of cases were those patients from a similar
hospital in the same srea and with the same type of patient
aduitted Now in this group thess were all the patients admitted
whereas the patl nts that I had treated w re only the more severe
omses I did not treat the cases who just had survived one acute
inferction and who seemed to have made an almost complete reco-
very I only felt justified at this time in treating those
patients whe had had two or more infarctions or whe had & Very
everas infarction associated with heart failure Therefore the
treated group were not a synchronous control group but they
were & v ry mu h more s vere growp and therefore one would heve
expected the mortality rate in thi_ treated group to have been,
greater than the control series In fact the mortality rate was
lower All trials have difficulties and esp cially any trial
that is not_a synchronous control trial is greatly open to,
question T aid not produce valld conclusians from this I
merely stated that I thought that long-term snticosgulani

therapy wam of valus it merit d further trial and that *ie the
same opinion that I have taday

I would like to ask ons quostion from Dr Cilchrist o

Dr Bigg or enybody else in the audience and that 1 the
gquestion of the degree of contral of anueuguune therapy
Haa anybody lant therapy in relation

%o the adeduacy of the concron Anti.colg\xl\.nt therapy is far
from a aimple procedurs It takes consid rable skill to maxntai.n
adequate treatment day in day out over the years my o
clinic wh re I had over «O0 patients on long~term treatment T
conajder that mot more than 85 per ene of patients were having
da: s in spite of the fa & that
one p rson namely my elf px‘egcrlbeu Tho teoatment and 1 in
charge of the supervision of the laborat ry control and seeing
the pati nts personally at the time they att nd Even so I
consider only about 85 per cent of the pati nts are having
adequate control Now in an analysis of wore then 180 patients
who have been on long-term anti oagulant therapy for at least
six months and the vast majority for over a year the inciden o
of recurrent thrombo- mbollc epi ods 1 four times as groat in
the patients who ar con ldered to have bad inadequate control
I wond r whether Dr Gilchrist or enybody else beara out th e
figures
DR__RAE GFICHRIST: T can an wer thut ery quickly S far ss
‘out personal cases of long-term th repy are conc rned we have
not assess ¢ the results obtained in T 7 1ation 5o the degree of
control of the prothrombdin time It is & v ry importsat polnt
and 1t is an a pect of things which the Anti—ﬁongulnnt Committee
Bes elr ady consider d and which We are turning over in our minds
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PERfPHERAL VASCULAR DISEASE

Chatrman—Sir George Pickering






Investigation of Peripheral Vascular
Disease

LAWSON McDONALD

T intend to restrict my remarks to patients presenting
with either i laudication or with gang of the
lower limbs and to fonsider which investigations are useful in
the investigation of such patients If severe anaemia emboliem
and coarctation of the aorta have been excluded atheroaclerotic
occlusive arterial disease is the underlying cause in the vast
majority of cases Rarer causes that have been found Include
polyarteritls nodosa extsrnal pressure on an artery by a tumour
elastosis dystrophica and xanthomatosis Current experience is
that thrombe angiitis obliterans is a very rare condition casss
with atherosclerotic arterial disease are often wrongly given
this diagnosis Abnormalities of 1ipid metabolism and of blood
coagulation and thrombosls are likely to be as important as in
iachaemie heart disease (McDonald amd Edgill 1959) with regard
to the whole group of patients with occlusive arterial disease
of the legs but are at prasent of limited importance in the
investigation of the individual patient It is however
imporvant to realise that any patient presenting with peripheral
occlusive arterial disease is likely to have ischaemic heart
disease in addition and possibly occlusive arterial disease
elsewhere

Special investigations may sometimes be needed to confirm
the disgnosis in the early case or they may determine the
anatomical extent of the lesion and the degres to which it has
impaired the circulation But in order to see special investi~
gations in peripheral vascular disease in thelr true perspective
1t 1s important first to consider the salient clinical features
of ocelusive arterisd disease Physical signs are usually late
in onset 1in the course of peripheral occlusive arterial
disease the early case is singularly lacking in signs and
may particularly need special investigation for diagnosis

In the affected part important changes may occur the skin
1s dry and poorly nourished it sweats little and is deficient
in KRiT and the nails.are atrophic The muscles of the calf
and sometimes thase of the thigh and buttock depending on the




level of arterial obstruction may be wasted This local
muscle wasting in acclusive arterial disease with 1ocal iachaemia
seems analogous to the generalised muscle wasting which may
occur in conditions associated with a low cardiac output The
limb, especlally its periphery may be blug or pale It may
blanch on elevation The soles of the feet may become pale
in contrast to thelr normal pink colour after exerci.e by
dorsiplantar {lexion with the patient lying horizontal and the
leg elevated to 45 degrees As the palpating fingers are passed
distally the limd 1s found to become cold indicating the level
of arterial obstruction Ischaemic muscles are sometimes tender
to palpation Pulses may be absent or poor in volume but
sometimes they are normal at rest in the presence of significant
occlusive arterial disease

Occlusive arterial disease may reduce the flow of blood|
through the skin and lead to gangrene or cause intermittent
claudication by reducing the muscle blood=flow {Figure 1)
Special are designed to d

the arterial
occlusion or to measure blood flow through the skin or to gauge
muscle blood flow

OCCUISIVE ARTERIAL DISEASE

ARTENIO(:RAPHV

TDNOSCILLOGRAPHY
ERCIS|
/ \ oscm.wzmv

REDUCED MUSCLE BLOOD FLOW

MEASUREMENT OF SQOY CALF
SKIN TEMPERATURE
HISTAMINE TEST

FLUORESCEIN TEST ?

REOUCED SKIN BLOCD FLOW

PLETHYSMOGRAPHY

GANG RENE INTERMITTENT CLAUGICATION

Figure | Seet xt Reproduced from McDonald L  and Semple R
{19525) By courtesy of the Honorary Editar of the Proceedings of
the Royal Soclety of M dicine
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Aortography arteriography tonoscillography after exercise
and oscillometry give information about the actual site of \
arterial occlusion or narrowing and will be referred to later
Straight radiographs are of little value arterial caleification
1s frequently medial and unrelated to intimal atherosclerosis
VaFicls tests can be used to measure skin blood flow 1n luding
the measurement of skin temperature by a suitable thermometer
the histamine test and the fluorescein test However signifi~
cantly reduced skin blood flow is usually readily apparent at
the bedside Plethysmography has been of greas value for
research purposes when applied to the foot it reflects skin
blood flow and to the calf muscle blood flow No satisfactory
method has been found for the easy measurement of muscle blood-
flow clinically although for experimental purposes the clearance
of radioactiye.substance. the measurement of oxygen tension by
a polacogeeph (Montgomery 1957) and the use of thermocouples
have been employed Aortography may be performed by the injec
tion from the back of a radio opaque dye directly into the |
aorta under general anassthesia Alternatively the dye may b
injected into the aorta via a catheter introduced through a
femoral artery Aortography played a very important part in
helping to identify and weparate aortic and iliac arterial
occlusions from those in the limbs (kekwick McDonald and
Semple 1952) Arteriograms are obtained by taking serial
radiographs of the thigh and leg after percutaneous puncture
of the femoral artery and injection of radio-opaque dye The
technical details of aortography and arteriography have been
frequently described and I do not propose to go into further
details now

Tonoscillography after exercise (Ejrup 1948) has proved
to be of diagnostic value Although a special method of inves
tigation in the first in tance it has helped the physician to
gain move from the purely clinical examination of the patient
(McDonald and Semple 19522 1952b) (The tonoscillograph is
an autonatic oscillegraph A cuff plated around the limb Ls
sutomativally inflated and deflated with compressed oxygen
and pulsations in it during the inflation phase are transmitted
by means of a piezo-electric manometer and sn srplifier to a
pen  As the preasure increases the pen advances vertically and
pulsations are recorded in the harizontal plane The recording
paper 18 marked with horizontal lines and the apparatus
calibrated 5o that these mark the increase of pressure in the
cuff from O to 300 mm H, A tracing is automatically obtained
every 30 seconds The particular value of tonoscillograpby
after exercise lles in the graphic registraticn of arterial
pulsation after uxercisey In atherosclerotic occlusive arterial
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diseass pulses which are present at rest may become vemporarily
impalpable after exercise The patient resus quistly on a
couch c¢overed with a rubber mattress for fifteen minutes The
cuff is then applied at the arnkle After a satisfactory record
at rest the subject exercises either by doraiplantar flexion
of the foot for 90 seconds while lying horizontal or by running
gently or by walking briskly for up to 200 yarda In normal
pecple the amplitude of arterial pulsation tncreases after
exercise {normal respanse} {Figure 2} whereas in occlusive

e

Eigure 2 Tonoacillogram trom the right thigh of a normal peraon
howing increased pulsation after exsereise Reproduced from
McDonald L and Semple R {19522} by kind permission of the
publishere of the Brittsh Heart Journal

arterisl isease with efther complete or incomplete obstructiocn
1t diminishes (inverse response) (Figure 3) This inverse
respanse lasts for at lagst two tracings after exerclse and may
persist for as long as thirty minutes Subsequently readings are
similarly odtained at the calf and thigh and sometimes at the
foot  The site of arterial obstructlon demonstrated by arterio-
graphy and the level of the inverse reaction agres well and
the more proximal the arterial obstruction the more proximal
will be both the symptoms and signs The inverze reaction
occurs distal to the site of gross narrowing or obatruction of
& vessel and persists distsl ta that asite and therefure only
the most proximal limit of abstruction is defined

Diminished arterial pulsation after exercise can frequently
ve elinfcally getected The darsalis pedis and posterfor tibial
pulsea are palpated after reat and thelr position marked with a
scin pencil  The patient then exerctses Ia the great majority
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Figure 3 Tonoscillogram f om th r ght ankle of a pati ot w th
Tatermittent claudication due to otclu we arterial disease
showing decreased pulsation after ex rcise Rep oduced f om
McDonald L and S mple R {1952a) by Jund permiss on of
the publi hers of the Br tish Hea t Jou nal

af_patients with arterial obstruction the pulses will be impal-
pable after exercise or they will become greatly diminished
for 1 ~ 3 minutes This bedside test is sufficlently sensitive
€5 detect an Inwerse reaction in the majority of cases  Although
Andre-Thomas and Levy-Valenal described this clinical phenomenon
in the Freach literature in 1918 its diagnostic value has not
been generally appreciated

In conclusion past research has made special investigations
unnecessary in the majority of patients with peripheral occlusive
arterial disease although arteriography or sortography 1s
important before any direct surgical measure
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Role of the Sympathetic i Peripheral
Vascular Disease

‘H BARCROFT

My task i{s to speak akout the role of the sympathetic in
peripheral vascular disease and particularly in occlusive
arterial disease as comuonly occurs in the lower limbs The

i3 imp in with the treatment
Patients with occluaive arterial disease are often treated by
lumbar sympathectomy The value of sympathectomy must be
Judged by its results ‘hsther or not it has & rational basis
is really 3 matter of only secondary importancs  But the
rationsle 1s of some interest And in this connection the
physiologlst may be 2aked some questions A3 for example
¥hat effect would sympathectomy be expected to have on the
blood supply to the toes? Could 4% relieve Sntermittent
claudication? How would 1t affect vhe collateral circulation?*

First the toes N DU Royle {1924} performed the first
Jumbar sympathectomy for the rellefl of spastic contraction of
the leg wuscles he noticed that the patlent's toes wars much
warger after the operation This was confirmed by Adson & Brown
{1929) who found that the rise in temperature lasted for many
weeks  Lynn & Barcroft {1950} recorded the tempersture and foot '
blood flow daily befura and afver sympathectomy They toa
confirmed the rise in temperature of the toes This persisted
although the post-operative increase in flow in the foot had
subsided to about double irs preoperative value {Pigure 1}

The explanation of the persistent rise in toe peratur

18 not settled At first 1t L= due to the marked increass

in blood flow resulting from the removal of sympathetic
vasoconstrictor tone frum the dlgital srterles, arterioles

and arteriovenous anastoroses  But as days pass intrinsic tone
develops and hyperaemla subzldes to some extent Other factors

which may favour the prolonged rise of toe temperature are the

abasnes oL Sweabing and Ghe 1433 of Venqus_tene fGostz 1950
In cold weather the clrculatian through sympathectomized toes! ,”
vil1 be better than that through norual ones a3 the vessels {
wlll m; e subjected to strong reflex vasoconstrictlon

““Naw as regards the skin of the legs 1t ia & striking
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St Thamas & Ho p tal Reports}

fact that sympathetic control of the circulation in the skin of
the legs 1s much weaker than that in the toes ¥hereas ulnar
nerve block 1s followed by a large rise in finger temperature
little or no rise in the tewperature of the skin of the limbs
1s seen after blocking cutaneous nerves (Lewis & Pickering
1931 Figure 2, Grant % Holling 1937) It is not likely that
sympathectomy would be followed by much increase in the skin
eirculation 1in the legs The symp: ¥ con 1
these Teasels a little in the cold (Roddia Shepherd & Whelan
1957} =0 in the cold the circulation through the skin of the
sympathectomized leg might be improved

To turn now to the skeletal puscles The effect of
sympathectomy on the circulation through the upper part of the
forearm which is mostly muscle has been studied by Grant &
Pearson {1937) snd by Duff {1951} Both used the venous
ocelusion plethysmograph Daily measurements of forearm flow
before and after cervico-dorsal sympathectomy revealed a poat-
operative increase in flow returning to normal within a week
{Figure 3} We have seen that the sympathetic maintains very
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F gure 2 Results showing that sympathet ¢ va oconatrictor tone is
strong in the fingers

Left ulnar nerve block followed by rise in temperature of the ulnar
border of the hand and of the p oximal and terminal phalanges of the
fifth fager (LST LSP1 B H Ulnar)

(Lewis & Pickering 1931) (By kind permisaion of the Ed tor
Clinical Science)

S‘Il'ld PATHECTOMY
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ip
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EECK 4 8 10

Days before (=) and after (+) operation
Figure 3 Results abow ng that sympathectomy is followed by a
Transicat increase in the blood flow in the forearm (Pletbysmograph)
(Dutff 1951) (By kind permission of the Editor Clintéal Sclence)
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little vasoconstrictor tone in the skin proximal to the wrists
and anklea %0 that the transient post-operative increase in
flow in the forearm is 1fkely to be deep to the skin probably
in the skeletal muscles Barcroft Bonnar Edholm & Effron
(1943) showed that blocking the deep nerves of the forearm
increases blood flow through the skeletal muscles due to the
Telease of sympathetic vasoconstrictor tone in uwuscle vessels
This has been confirmed {Roddle Shepherd & Whelan 1956} We
can infer that lumbar sympathectomy would probably release
sympathetic tone in the skeletal muscles of the legs But the
{ncresse in flow would last for less than a wesk It =eems
unlikely that lumbar sympathectomy will be followed by very
1an.1.rg improvement in the circulation through the resting
muacles—of the legs

So much for the effect of sympathectomy on the circulation
in resting muscles Would it be likely to improve the circula-
tion to exerclsing muscle? Might it relieve intermittent
claudication? This seems unlikely The evidence is as follows
Grant (1938) studied the effect of a standard exercisg on the
blood flows through a noermal and a sympathectomized forearm
The exercise was clenching & bar with the hand as hard as
possible for one minute The post-exercise hyperaemia in the
sympathectomized forearm was the eame as that in the normal
forearn {Figure L) In spite of dlsconnection from the vaso-
mator centre the vesodilatation in the muscles of the sympathec~
tomized limb developed and subsided perfectlY normally Grant
attributed it to the action of vasodilator metabolites I am
indebted to Dr J S Paddle (19.9} for further evidence that
the sympathetic innervation of the leg muscles seems o be of
little or no significance in a quarter-mile race A healthy
policeman aged 26 years came into St Thomas 8 Hospital under
Professor J B Kinmonth for bilateral lumbar sympathectomy
for hyperhidrosis of the feet The day before operation his
tiges for two all-out runs one in the morning and one in the
afternoon over a distance of 383 yards were 65 and 61 sec
On the 99th day after operation under quite Similar conditions
over the same tourse his times were £0 and 62} sec The grati-
tude of the patient for his dry feet snd his comment on the
increass in molsture of the skin of the upper part of his body
were indications of the success of the operation But the
absence of the sympathetic supply to his leg muzcles made no
difference to him in a quarter-mile race Clinical experience
too provides further evidence that sympathectomy has no effect
on the eircylation through exercising muscls — Evidence that
137706 sxpressed in graphs or experivental results but never
less 1s most significant It 1s as follows }any sympathec-
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effect on po t exercise blood flow

The subject clenched a bar and released it at time O

Continuous line Normal forearm

Broken line _sympathectom zed forearm

(Grant 1938) (By kind perm{ssion of the Editor Clinical Science)

tomies have been performed on young and active subjects of both
sexes for the rellef of hyperhidrosfs So far as I am aware no
lcas of muscular faculty has ever been noticed Loss of muscular
faculty Ls never even considered as & possible contra-indication
to this operation Surely this must mean that the role of the
sympathetic supply to human muscl¥ vessels during exercise 1s a
negligible one even in active subjects in the prime of life
WhetheT or not their muscles have sympathetic fibres mskes no
noticeable difference to walking, running swimming tennis
ete etc The results of clinical experience are in accord
with those of Grant and of Paddle and I think prove that
sympathectooy will have no effect on the circulation in
exercising muscle

There have of course been other views Since gyrpathec-
tozy improves the circulation to the toes it has been advocated
for intermittent claudication in the belfef that it might
izprove the circulation to exercising muscles  However this is
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very unlikely in view of what has already been said It 1s
indeed quite easy to cite experiments where results sy pest
that sympathectony might actually cause a loss of faculty in
exercise Folkow Uvnas and others have shown that hypothalamie
stimilation in cats causes acceleration of the heart and otrer
changes associated with exercise including marked vasodilatation
in the skeletal muscles mediated by the sympathetic {Eliasson
Folkow lindgren % Uvnes 1951) The sympathetic may oreu the
muscle vessels in exercise - at any rate in the cat In man
the sympathetic increases the blood flow through resting muscle
in stress The human results are based on plethysmographic
experiments on subjects who have been delibderately frightened
or made to do rapid mental arithmetic (brod Fencl Hejl
Jirka & ! adlafousek 1958 Blair Glover Greenfield % oddie
1959 Blair Golenhofen & Seidel 1959) From these results it
appears that sympathectomy might do ham in exercise by
abolishing seemingly useful vasodalatatien But in fact
clinical experience and the experiments of Grant and Pearson
and of Paddle fail to show any significant function for the
sympathetic supply to human muscle in exercise

Lumbar sympathectomy would abolish the vascular responses
in human skeletal muscle that oceur during stress (Elair et al
1959) and also the resvonses which have been found during
fainting (Barcroft Edholm McVichael % Sharpey ochafer 194L)
and during changes in body posture {Brigden Howarth % Sharrey
Schafer 1950 Roddie k Shepherd 1956) It seems unlikely that
the abolition of these response. in arteriosclerotic legs would
matter to the patient

To turn now to the effect of sympathectomy in the collateral
circulation Dorrhorst and charpey-Schafer (1951) have showr
that sympathectomy is followed by increase in flow through
collateral vessels but only for a few days ohepterd (195G}
tG3-fourd that the sympathetic supplied and tonically constricted
the collateral vessels of the hip His method is interesting
He measured the rate of the blood flow through the calf of a
normal subject after exercise performed during occlusion of the
femoral artery in the groin In these circumstances peripheral
resistarce in the calf 1s very low and the main resistance is
in the collateral vessels near the hips To see if the sym-
pathetic supplied and maintained tone in these vessels calf
flow that 1s to say collateral flow was measured as described
both before and after the administration of the adrenergic
blocking agent tetraethylammonium bromide (TEAB]  Following
the Injection of TEAB calf blood flow { e collateral blocd
flo« increased (Figure 5} The inference as that the syrpa
thetic supplied tne collateral vessels and mediated vasccon
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{Shepherd 1950) (By kind permiasion of the Editor Clinical Seience)

strictor tone The transient increase in collateral blood flow
fourd after sywpathectomy by Dornhorst and Sharpey-Schafer is
probably due to disconnection of these vessels from the vasomotor
centre It is unlikely that sympathectomy would cause a lasting
irprovement in the collateral circulation Intrl\xﬂc tone
develops quickly in these vessels and the rate of the circulation
very scon 18 back to normal

So far as I am aware nothing is known about the action of
the sympathetic on the blood vessels in huwan bone Bone blood
flow s very small The release of any vasoconstrictor tone in
the bope vessels would scarcely alter the blood flow in the
1izb In the cat sympathectomy increases the circulation in
bone marrow (Herzig & Root 1959) Nothing is known about the
recovery of intrinsic tone after sympathectomy in the vessels
in huzan bone

To sum up the effects of aympathsctomy on the circulation
in normpal 1imbs are as follows There will ba a long-lasting
jmprovement in the circulation in the toes There will not be
80 much effect on circulation through the skin of the legs
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possibly a little lmprovement when the subject is cold The
¢ollateral circulation and the circulation through the resting
skeletal muscles will be improved for a few days only after
wtich it will return to its pre-operative rate There will be
no effect on exercise The effect oh the cireulation in human
bones is unknown

In occlusive vascular disease if the vessels can dilate
the most important result of a sympathectomy is likely to be
a long-lasting improvement in the circulation in the toes Our
knowledge of the effects of is still
Clinical experience alone must decide the place of sympathectomy
in the treatment of occlusive arterial disease
The reader may find the following references of interest
Sympathetiec denervation Barcroft % Swan 1953 Monro 1959
Escape areas Monro 1959
Intrinsic tone Burn & Rand 1959
Sprouting Murray & Thompson 1957
Dual circulation in muscle Barcroft & Dormhorst 1954
Barlow Haigh % valder 1959
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Peripheral Vascular Disease in Diabetes
W G OAKLEY

The relationship between arterial disease and diabetes is
more easily assumed than proved It canmot however be denied
that atherosclerosis occurs at an earlier age and tends to be
more severe in some diabetics than in the general non-diabetic
population In spite of the absence of any characteristic
histology the view has been put forward by Lundbaec (1954)
that in diabetes there is a specafic form of angfopathy this
is based on such 1d as the sex incid of coronary
artery disease assoclated specific vascular lesions in the eyes
and kidneys and small differences in the lecithin and cephalin
content of the arteries affected Long-standing diabetes is
0ot however necessarily assoclated with or complicated by
atherosclerosis in a series of 816 autopsies reported by karren
and Le Compte (1952) 66 were described as being free of aortic
atheroma In this connection I would like to say that in the
course of ore week I recently saw three women all of whom had
had diabetes for approximately 35 years and showed no evidence
of arterial or other complications

It i impor o that in s
arterial disease 1s no more common or severe than in normal
subjects of comparable age this perhaps does no more than
demonstrate that a raised bloed sugar level does not appear to
play a major role in the production of arterial disease It
is interesting to note that diabetic r and nephropathy
are complications virtually unknown in this disease

The influence of diabetic control on the incidence of
atherosclerosis has been the subject of numercus studies but
conclusions based largely on clinical evidence lack general
agreement  Duration-and severity of the diabetes have received
sinilar consideration and tNE former generally Tegarded as
bearing a closer relationship than the latter to arterial
disease Particular attention has been paid to the more specific
artericlar and capillary lesions in the retinal and glomerular
vessels in cases of long~standing diabetes and the relationship
between them and generalized arterial disease investigated both
clinically and morphologically but again without general
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agreement
The manifestations of arterial disease in disbetes can
conveniently be considered in relation to the organs most com-
monly affected,” These sre -
the eyes and kidneys
A2} ~the brain and heart
L¢3) the lower extremities
I do not propose to discuss the nature of the lesion in
diabetic retinopathy of which Ashten (1959) has very recently
written a masterly account nor shall I attempt to add anything
to Kimmelstiel and bilson's description of the specific renal
lesion which bears their name suffice it to say that these
twe leslons gppear to have much in common both histologlcally
ard clinically end when combined with hypertension constitute
the most common cause of death from diabetes Cutslde these
organs it is difficult if possible to distinguish the arterial
disease of the diabetic from that of the non-diabetic

The Brain and Heart

The clinical manifestations of arterial disease in these
organs are commonly cerebral thrombosis and haemorrhage on the
one hand and angins of effort coronary thrombosis and heart
failure on the other  In my experdence cersbro-vascular
accidents apart from those associated with diabetic nephro-
pathy are related more closely to the age of the patient than
to the severity or duravion of the diabetes this is not to
say that at the same age such accidents are not more common
in the dlabetic To put it in another way there is little
evidence that 4in this situation diabetes alone produces a
specific arterial lesjon llable to cause ceretral thromboais
or haemorrhage

When we consider the heart the evidence in support of the
aetiological role of diabetes is more suggestive It is
generally agreed that the greater incidence of coronary throm~
bosis in males is leas evident female dlabetics being more
prone to coromary thrombosis than nén=dlabetic women of
comparable aga The earlier incidence of anglna and coronary
wirozbosis in diabetica ia again often quoted as evidence of
a causal relationsnip but I heve been impressed by the fact
that in many of the3e young cases not only is there a family
history of both diabetes and coronary artery disease but also
that in many the diabetesa is of comparatively short duration

ing first recognised as a result of a routine urine exami-

ation at the time of admissicn to hospital on account of the
ardiac condition

The high incidence of obesity in mild and otun_gg-_x--
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tensive disbetic women may again be a factor of some importance
in relation to the incidence of coronary artery disease in

the cause of which much emphasis is laid these days on
disordered fat metabolism

Lower Extremities

From the polnt of view of treatment lesions in this
position have a special importance and I will therefore make
no apology for devoting to them the greater part of this paper

There ¢an be no doubt thav gangrene of the toes and feet
is many times more common in the disbetic than the non-diabetic
this Tact _has been widely accepted as conclusive evidence that
diabetes causas boclusive perlpheral vascular disssse I hope
you will not quote me as saying that it does not do so but
here again other factors must be taken into consideration It
is convenient to classify lesions of the feet in diabetics
under four headings - (Oakley 1954)

A1 Sepric
J2¥ Neuropathic
\)/) Tschaemic
Combined

During a 5urvey of the incidence of neuropathy in the Diabetic
Department at King's College Hospital Martin {1952) was
irpressed by the high incidence of foot lesions including
gangrene  In most cases especially those below the age of
60 the blood supply to the feet as judged by colour
temperature arterial pulsation and oscillometry was
or even good and it was evident that the lesions ware not
due to occlusive arterial disease The impalrment of sensation
both superficial and deep and the frequency of Charcot s
arthropathy supported the view that these lesions were the
result of trauma on a foot desensitised by neuropathy local
arterial thrombosis producing areas of terminal gangrene
indistinguishable in appearance from those resulting from more
generalised 1schaemia (Figures 1 and 2}  Conservative treat-
ment in such cases gives excellent results and in the absence
of deep sepsis surgery is rarely necessary (Figure 3) Once
aware of this pitfall in the diagnosis of diabetic gangrene
it was found that about ,O per cent of the lestons seen in
our foov clinic were associated with diabetic neuropathy and
there was a reduction in 4 to This
does not however account for the higher incidence in diabetics
of true ischaemic gangrene 1In a study of 3 783 dlabetics
attending our clinic (Oakley Catterall and hartin 1956) 146
were found to have symptoms and signs of peripheral vascular
disease These were analysed to determine the relationship
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Figure 1

Figure 2

By kind permlasion of the Editor Annals of the Royal Collego of Surgeans
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Figure 3

Bykindp mi onofthe Edtoc Annals of the Royal Coll ge of Surg on

between the condition and the sge sex and the duration of diabetes
The results are summarised in Tables I II and III from
which 1t will be seen that arterial disease was twice as

Table 1
ALE MALES FEMALES | RATG
P 100 {0
& row | peR AL/ ik
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INGDENCE 0F PERWNLRAL OXAVSI & ARTERIAL

DISERSE v DRBETES WITH KEMPECT TO AGE

And  SER
{By knd permi ionofth Edito B 1l h Medical Jou pal)
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comaon in patlents of 70 or over as it was in the 60 to 69

age group {Table I), male diabetics were much more commonly

affected than femdles especially in the older age groups

{Table II) and the incidence ar;y;pbgm and signs of peripheral
able
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(By kind permission of the Editar British Medical Journal)

)merial. disease appears to bear no relationship to the duration
©of the dlabetes the number of patients affected being approxi-
énately the same in all groups (Table III)
Table 3
DURATION OF [ NumBeR
lN";i—gi’;“ OF PATEANTS

Less maw ]| 2O
I ~4 26
5-9 9
10- 14 15

15-19 L6
Over 20 | 20
ToTAL 146

IMIEME O PERIPMERAL oudniv

ARTLR A DIMEASK N DIARETICH

W REVPET TR bvaNliaw OF
mBLTE,

{By kind permission of the Editor British Medical Journat)
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From the point of view of treatment ischaemlc lesions of
the feet in the diabetic (and in our opinion also in the non-
diabetic) fall into three main categories

\ (1} The painful ischaemic foot

(2) Gangrene confined to one or more toes

(3) Gangrene involving the foot proximal to the toes

The first condition which is often associated with intermittent
claudication is readily diagnosed from the history of intense
burning pain worst at night and unrelieved by vase dilator
drugs The foot is typically pimk-and-cold and although
ulceration may occur gangrene is upgommon freatment consists
in keeping the part cool and insuring relief of pain and sleep
by means of analgesic and hypnotic drugs of which a combination
of physeptone and barbiturates has in our hands gaven the
best results The majority of these cases ultamately require
amputation often at their own request but the longer this 1s

R’posbyoned the more likely is a painful phantom limb to be ay /
sequela T ERe operation

Recently as an alternative to below-knee amputation
sympathectomy has been carried out on a small number of our
cases and we have been impressed in some by the relaef of pain
which has followed the operation skin temperature and claudi
cation have not been affected

Gangrene confined to one or more toes is best treated by
local amputation conservative measures being less satisfactory
aid ho safer on account of the risks attendant upon prolonped
confinement to bed or alternatively upon trauwsa in ambulant
cases Figure 4 shows the lower extremities of an elderly

woman who was treated conservatively for gangrene of the left
big toe  After two months in bed she was allowed up knocked
her foot against a chair leg and developed a spreading gangrene
which necessitat d below-knee amputation About a year later
she was readmitted with gangrene of her right big and second
toes and rightly insisted on immediate five toe amputation
+hen more than one toe 1s involved it is often wise to remove
all five toes as this procedure carries little if any more
risk than the removal of a single toe and at the wame time
anticipates further and possibly more serlous trouble in the
remaining digits

When gangrene extends proximally to involve the foot
below-knee amputation is the best solution {Silbert 1944)
In the past ven years nearly 100 cases hava been so treated
by Mr Catterall at King s College Hospital and in only one has
re-amputation above the knee been necessary there were four
post operative deaths The majority of patients manage to walk
well after this operation and if as is nat infrequently the




Figure 4

By kind p rmission of the Edito  Annal of the Royal College of Surg ons

case the other leg has later to be avputated the preservation
of the knees saves the patient from becoming a hopelessly
dependant invalid

1 have purposely aald nothing about arterial surgery in
these cases, but although the majority of cases of diabetic
gangrene are not suitable for such treatment thers are soms
with relativaly high arterial block on one ailde and ap adequats
blood supply on the other n whom & bye-pass graft may give a
good result
TTlo matter what form of treatment 1s adopted immobilisation
of the diabetic with ischaemic foot lesiona carries with it a
grave risc of pressure gangrene of one or both heels To
prevent this we have devised a method of spring suspension of
the lower linbs which when properly carried out has found
favour both with the patients and the nursing staff (Figure 5)
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In conclusion of this brief survey of arterial disease
and diabetes I would like to stress that the relationship
between these conditions is not so simple and direct as it is
g nerally supposed to be and that in re pect of treatment at
any rate arterial disease is essentially the same in the
&‘MM as 1t is in the non-diabetic subject although the

former may require it more frequently and at a rather earlier
age
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Treatment of Peripheral Vascular Disease
I—Medical

] F GOODWIN

During the last ten yeara better understanding of the
normal and pathological physiology of the peripheral vascular
system and improved surgical techniques for the treatment of
wascular obstruction have revealed striking limitations in
medical methods of treatment which in many cases is of restric-
ted benefit and strictly palliative nature Neverthaless
medical treatment has a part to play and its aims may be
defined as follows ~
1 Ceneral [a} The management of cardiovascular and other

- associated diseases such as diabetes

mellitus
.}b) The prevention of further peripheral

vascular disease such as arterial emboliam
‘(}l Improvement of blood flow to ischaemic tissue
by vasodilatation
Treatment of ischaemic skin and tissue
Treatment of intermittent claudication and
Raynaud's disorder

Ad) Treatment of ischaemic rest pain

It is of the greatest importance constantly to bear in mind
that peripheral vascular disease is often a manifestation of a
generalised vascular disorder This is especially true of
atherosclerosis obliterans which alsc affects the coronary
arteries in around 40 per cent of patients with peripheral
arterial disease (VcDonald 1953)  Definitive surgical treatment
for peripheral disease is thus often impracticable because of
severs heart disease and the treatment of such patients must
depend upon medical methods with the exception of amputation
for gangrene or intolerable lschaemic pain

It {3 also of great importance to realise the value of
definitive surgical treatzent such as arterial grafting and
to presert the patient who can be helped in this way to the
surgeon in good general condition before the disease has
advanced too far

The most lxportant peripheral vascular diseases are those

o
(e)
[
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which involve arteries, and may be llated as follows
1 Raynaud s Bisorder
Primary
Secondary - such as  Thrombo-angiitis obliterans
Liffuse sclerosis {Scleroderma)
i3 lupus ery
Associated with cold agglutinins
kssociated with embolism
A s0ciated With rneumatold artnritis
{In the secondary type of Raynaud s disorder digital
artery thrombosis is often a feature)
Lz therosclerosis obliterans
3 Arteris) embolism
L opecific aryeritis Thrombo-angiitis cbiiterans
- Diffuse sclerosis
Giant cell arteritis
Polyarteritis nodosa
Treatment 4s based upon attempts to increase blood flow to
iscrasemic limbs and it must be aamitted that medical methods
are inferior to surgical no medlcal manceuvre or drug being
capable of producing the sustained intrease 1n skin blood flow
localised to the affected limb which can result from a good
sympathectomy
Vasodilatation may be induced medically by heating the
body {Lewls and Pickering 1931} the warm d blood frem the limb
reaching the heat regulating centre and inducing vasodilatation
Ty a central and also lomsl-actlon The patient with an
ischaemic 1imb snould be nursed in a warm environment if
possible at 80 - 879F (27 - 30°C)  The ischaemic limb should
be protected from injury by a cradle but should be expa ed to
the air On no.account should any local heat be applied since
the d vitalised skin easily becomes burnt and any increase in
local blood flow which has been produced will be insufficient
10 meet the demands created by the external heat  Heat may be
applied to the trunk or to the normal limbs by mesns of heat
cradles blankets or & special heating arm or sleeve and can
produce an increase in skin blood flow even in the presence of
severe iactaemic disease (Figure 1]
sravertebral proealne block has a transient action and
cannot be repeated indefinitely
Ethyl slcohol in the form of whiskey or brandy is a
simple and useful yasodalator and has the additional agvantage
of .edative and eurhoriec effects It 1s particularly useful
given at night to elderly patients but of course has the
disadvantage of habitwation if given regularly for a lorg period
Alcohol possibly enhances the effect of reflex hesting
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Figure 1 Increase in skun blood flow ta the lower extremity after
refl x heating measured by sk n temperatu e (left) and by venous
occlusion pt thyemog aphy of the foot (right) in two patients with
occlusive peripheral arterial disease

In each case an increase in skin flow r sults { om reflex heating
even in the p esence of organ ¢ arterial disease

Vasodilating drugs are of doubtful effectiveness because
of a therapeutic paradox The ideal vasodilator is one which
produces selective and sustained vasodilatation in the affected
part without lowering blood pressure producing considerable
I:lde effects, tachyphylaxis or tolerance It follows that
\t.ha mora effective the vasodilator the more widespread and
marked tha effect and the greater the hypotgpsive action
Generalised vasodilation leading to appreciable hypotensicn

efeats its own object since the limb perfusion pressure becomes
Lduced and blood flow may actually fall It is not possible
to restrict the actlon of the drug to the affected limb as with
sympathectouy and hence the paradox that the greater tae degree
of vascdilatation the less may be the value to the ischaemic
1limd However vasodilatora do have same effect because
moderate vasodilatation is fnsufficiert to reduce the blood
pressure significantly and also because of a selective action
upon digital vessels

The most effective vasodilators are those which act by
reversal of_p.rerergic vasoccnstriction by ganglion blocxade
or by adrenolytic or sympatholytic effects Jome of them also
have a local a¢ticn.cn the blool vesael wall  The terms
adrensrals blocking adrenolytic an. sympatholytic are often
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used synonymously Although a sympatholytic drug must by strict
definition also by adrenolytic the reverse is not necessarily
true Certaln drugs such as dibenylene could be considered
a3 purely adrenolytic but in practice the separation of
adrenergic blocking (adrenolytic) agents into sympatholytic

and adrenolytic groups is now considered largely artificial

TABLE

The coamoner vasodilating drugs are listed below -

—
Effect
o Side Toler-
Drug blood Action Sise Toler
Pres- _ Eifects ance
sure
Hexamethoniua (Ganglion | Appreciable
Pentolinium (blockade | due to para- .
Mecamylamine aympathetic
Pempidine inhibition
Imidazoline Sympatho- )} Variable
(Priscol) yrie Diszziness [+
c. Palpitations
Mainly on | Goossflesh
small
vessals
Phentolamine " " L)
{Rogitine)
Dibenylene Syspatho- | Variable o
lytic
Aupe:ax':a ?ymgamo- Mild ?
hosphate c
prese ilcal
Mainly on
2mall
Yessels
Vasculit o Sympatho= ? ?
lytie
¢ Byridail
carbinal 0 Local Flushing 7
(Ronicol)

The ganglion blocking agents are clearly unsuitable for
routine use because of their hypotensive action and unpleasant
side effecta although a considersble increase in limb blood
flow can be produced by an injection of hexarethoniua (Hamilton
et al 1954)
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In my experience the most effective drugs for use in
peripheral vascular disease are Imidazoline (Prisco}) (Goodwin
and Kaplan 1950) Fhentolaming and Dibenglene (Wertheimer et
al 1954) The former can produce appreciable vasodilatation
in the skin of the ischaemic 1limb when given by injection,
especially Af this is intra-arterial (Lynn 1950 Edwards ot
al 1952 Prandoni and Moser 195h) although the action may
be ai ly transient ( e and Jepson 1954)
\Prolonged tnerapy by the oral route may achieve some lmited
success as 1s shown in Figures 2 and 3 although this objective

e

LR R e E e

Figure 2 Effect of treatment with oral Imidazoline on skin
temperature o & patient with occlusive peripharal arterial disease
Before treatment tha resting skin tempe tures of both great taea
are low and the left increases only slightly after reflex beating
During the resting are

bigher but after treatment has been discontinued (control} the
resting tothe p e tevel
although the response of the left great toe revembles that during
treatrn ut The results indicate that Imidazoline can have a

su tained effect when given orally

(Male aged 61 Durat on of treatment 9 weeks Subjective
improvement) { By xind pe mlssion of the Editor

Britiah Medical Journal )

evidence of vasodilatation 1a not always accompanied by sustained
clin{cal improvement presumably due to the progressive nature
of the occlusive diseaas It must also be remembared that
clinical izprovement may occur without any specific therapy at
all owing to the opening up of collateral vessels 8o that the
assesszent of vasodilatirg drugs by clinical observation alone
over a long period 18 fraught with difficulty
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Figs ¢ 3 The effecs of aral Imidazolis o ¢ reviation rate 1o the
Iower limb and on skin temperatare Each dat zeprescats one
Hmb Durlag treatment the ciscalation t mo har hortened and the
#kin tempersturs ¢ 580 in the majority of mbs  #how ag an im
pravement in cirrulation

{Duration of treatmeat 1 12 week G rculat oo te the Jow ¥ lmb
{foot minus band t me) mes ured by tb fluorestin m thod of
MarGregar and Wayne {1351} { By %ind perm s top of

the Béftor Britieh Med cal Sournsl }

Occasionally patients find the side effscts of sympatho~
1ytic drugs highly unpleasant and become very comscious af
paipStation dizziness headache and gooseflesh v is wall
thersfors o stary with a suall dose and then work up to 8
lsrger maintensnce doae  Thus the initisl Qose of Imidazoline
should be 25 mgm thrice daily and the msxisum 300 mgn four
times dally Scmetines patisnts will toleTate e of thesa
drugs but not anotter so that it 18 worth trying all wembera
of the group in turn Fatlents with a history of peptic ulcer
ahould be given alkalls st the same time since the adrenergic

} vlockads tends to increase gasvric excration and may induce
vomiting Dibenylene tends to produce less gastric effects
than Isidszoline and ia therefore to be preferped when gastric
conplications sre feared

One or more aympatholytic drugs may be used in combinavion
though there is no certaip evidency that LheY exert a aynerglstic
sction
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The doses of the drugs mentioned are given below -

Drug Injtial oral dose Maximum oral dose Ve
Imidazoline 25 mgm three timea daily 100 mgh nlmr times
daily

Phentolamine 25 mgm three times daily 100 mgmd ﬁur times
aily

Dibenylene 10 mgm  twice daily 60 mgm  twice dally
Azopetane 25

mgm three times daily 100 mgm three times
phosphate daily

Care should be taken when Imidazoline is given by injection
in high dosage to patients with coronary artery disease since
an undue fall in blood pressure can occasionally occur &and the
adrenergic blocking action may have an adverse action on coronary
blood flow Intravencus and intra-arterial injections should be
given slowly and well di{luted and the initial dose should not
be more than 25 mgm  Intramuscular injections of up to 75 mgm
may be given 3 to 4 times a day, and supplemented by oral therapy
1f well tolerated The action of all these drugs is ¢nhanced
if the patient is kept in a warm environment Their duration
of action is from 4 - 6 hours with the exception of Dibenylens
which acts for up to 12 hours

Vasculit" is a hewer adrenergic blocking agent which
effectively reverses the vasocopstrictive effect of adrenalin
It is a derivative of phenylephrine, amd when given by injection
produces appreciable vasodilation in the 1limb vessels without
appreclable hypotensive effect or change in heart rate (Duff
1959}

# pyridil carbinol (Ronfcol) is the aleohol corresponding
to nicotonic acid, has a purely local action on blood vessels
It 1s of 1little clinical value but may be tried in combination
with a sympatholytic drug

The action of all vasodilators 1s maximal in the presence
of reversible vasoconstriction a&s in primary Raynaud s disorder
and often disappointing when organic arterial occlusion is pres-
eny  Prolonged treatment with the maximum tolerated dosage
should be attempted for half-hearted regimes area doomed to
failure Adrenergic blocking agents may ba of some value after
sympathectoay when harve endings have become unduly sensitive
to circulating sdrenalin

TREATVENT_OF SPECIFIC DISORDERS
1 FPRIMARY RATNAUD!S DISCRDER
The patfent should be instructed to avofd as far as
posaible local cold stimull and should wear warm gloves in the
winter Smoking should be curtailed and attention should be
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pald to other pessible precipitating causes such as the use of
vibrating tools Cervical raibs and shoulder girdle syndromes
should be looked for and occasionally exercises designed to
elevate the shoulder girdle may help The carrying of heavy
weights for prolonged periods or sleeping with the arm above
the head should be avoided Vasodilator drugs should always
be given a trial and at times may be succesaful
2 SECONDARY RAYNAUD'S DISORDER

Frequently digital arterial disease is present which often
leads to thrombosis The measures already outlined for promoting
vasodilatation should be employed and in addition the genera -
lized vascular and connective tissue disorder requires emergetic
treatment

Thrombo angiftis obliterans  Smoking must be denied the
patient absolutely After acute episades of vascular occlusion
anti-coagulants may help but are likely to be of limited value
only because thrombosis is secondary to arterial inflammation
which is basically uninfluenced by any specific medical measure
except abstinence from tobacco Long term anti~coagulants may
be worthy of trjal and vasodilator drugs should be given
Steroids do not appear to have any marked beneficial effect
but may also be tried in acute cases The majority of patients
come to sympathectomy Of 14 cases at Hammersmith Hospital of
proved or suspected thrombo-angiitis with arterial involvement
13 required sympathectomy and 3 came to amputation of digits
or of a 1imb In only 1 patient was the disorder apparently
arrested after medical treatment alone

Since the disease occasionally involves the coronary and
viscera) arteries (Allen et al 1946) a careful appraisal of
the whole vascular system is required in planning treatment
{Figure 4} Care of the ischaemic extremities is of paramount
importance and the same principles apply as in the treatment
of 1schaenia due to arteriosclerosis obliterans which will be
discussed later

Diffuse sclerosis {Scleroderma} The secondary Raynaud s
phenomenon in this disorder is very commonly associated with
digital thrombosis and a regime of vasodilatation anti-
coagulants and steroids drugs may achieve Some benefit In
2 personal case of a woman with valvular heart disease digital
throtbosis and Raynaud = phenomenon (probably due to scleroderma)
treatment with antl-coagulant therapy and vasodilator drugs for
six months with prednisolone for two months was follawed by
improvement in the blood supply to tne fingers In many cases
of severe scleroderma the visceral and cutaneous manifestations
overshadow those of peripheral vascular disease but treatment
with intravenous procalne and para-amino benzoic acid has been
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Figure 4 Cardlogram of mate patient aged 36 years with thrombo
angiitie obliterans and ischaemic cardiac pain The graph shows
faversion of T wave in] V3 and VL indicating anterior aud lateral
subepica dial infarction due either to thrombo angiitia obliterans
or to Y

most unimpressive, and unfortunately ateroids do not often
help The aynthetic chelating agent ethylene diamine tetra-
\:cetic acid has been suggested for removing calcium in cases
[ scleroderma with calcinosis (vinsor 1959)
£t ted lupus ery 1s Raynaud s 1s
seldom an important feature of this disease and digital throm-
bosis 1s uncemmon Treatzment usually with sterolds is there-
fore concentrated on the systemic disease and vasodilators are
used when required
Raynaud s phenomenon has been described in association with
haemolytic anaemia and a high serum titre of cold agglutinins
and cold haemolysins {Ferriman et al 1951} The Raynaud s
phenomenon is most probably due to obstruction of the peripheral
circulation by auvohaemoagglutination in vivo Since agglutina-
tion s precipitated by cold it is vital that when the condition
is suspected the patient be placed in a very warm eavironment
if cold agglutinins are found 1n the serum The value of
steroids is uncertaln in such cases

Raynaud 5 phenomenon may socetimes Tesult from digital
occlusion due to small exboli from a thrombus or embolus in a
groximal limb artery The treatsent is 1likely to be malnly
purgical but the cause must be investigated ard prelimirary
medical treatment carried out along the usual lines

In all cases of secordary Raynaud 8 disorder manifestaticna
of systeaic disease such as heart fallure and anaemia will
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exacerbate the condition and must be diligently treated
ATHEROSCLFROSTS OBLITERANS

Frequently occlusive arterial disease of the extremities
is accompanied by disease of the coronary or cerebral arteries
and by hypertension The medical management of such patients
with peripheral disease must include careful appraisal and
cantrol of generalised disease and particularly of diabetes
mellitus if present Tobacco should be restricted but alcohol
allowed in moderation Insufficient is yet known about satis-
factory ways of controlling the progression of atheroscleroaia
but a low calorie diet is advisable when the patient is over-
welght and if there is a strong family history and high bleod
cholesterol a diet low in animal fat supplemented by vegetable
fat such as corn or maize oil may be advocated The position
of long term anticoagulant therapy for atherosclerosis obliter-
ans involving perlpheral arteries has not been defined but
such therapy should be seriously considered in the young patient
with a strong family history

The patlent with occlusive disease usually suffers from

anifestations of skin ischaemia (numbness paraestheslas
:oldness and ultimately gangrene) of nerve ischaemia (rest
X in) and of muscle ischaemia on effort (

1audication}

ALl these disabilities could be relieved by increasing
sufficiently the blood supply to the limb  The only really
effective way of achieving this in the present state of knowledge
1s an effective arterial grafting procedure Medical measures
are relatively inefficient for all methods produce a signiffcant
vasodilatation only in the skin blood vessels Nevertbeless
some imp: can be by medical treatment
aimed at causing vasodilatation by the methods and drugs already
described
Care of i ie skin p; don_and of gangr

Much can be dope to minimise the effects of ischaesia and
delay the onset of necrosis by careful management Trawna should
be carefully avoided and any local abrasion should be covered
and shielded from infection which may lead to gangrene and
further arterial occlusion Toe nails should be cut squarely
and the help of a skilled chiropodist is often of great value
The feet should be kept warm ¢lean and dry and after washing
a talc dusting powder should be used in the socks  Fungus
infection should be diligently treated as this may lead to
breach of the skin infection and possibly further arterial
disease Castellani s carbol fuchsin paint or undecylenic
acid ointment or powder should be used
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©On no account should direct heat ever b# placed on or
close to an i 1imb and patients must be instructed
foreibly on this matter

¥hen gangrene has occurred the patient should be confined
to bed on full vasodilator therapy If the gangrene 1s dry and
uninfected clean separation msy occur, or digital amputation
may be required ‘VWhen infection is present local crusts or
sloughs should be gently scaked off in boric acid or potassium
permanganate {1 10 000}, or Eusol packs applied Prolonged
application of wet dressings should be avoided as they tend
to macerate viable tissue  Antibiotics may be applied locally
avoiding penicillin and sulphonamide because of the risk of
sensitisation Bacltracin solution (1,000 units per ml } is
useful for sensitive gram positive organisms and certain
penicillin reagstant organisms for it is not inhibited by
penicillinase Neomycin ointzment or solution is of value and
1s effective against a wide range of gram positive and negative
organisms and sometimes against pyocyaneus and proteus
infections  Polymyxin ointment should be used against the
former In many cases however it is preferable to give anti-
biotica parenterally although they may have difficulty in
reaching ischaemic tissue via the blood stream Necrotic
tissue can be removed by the use of wet dressings ol strepto-
kinase {100 OO0 units and astrepto-dornase (25,000 units) in
20 ml of saline or by the use of a jelly containing the
enzymes which dissolve necrotic tissue (Hines and Gifford
1957}

In old persons especially an adequate diet with vitamin
supplements, and control of snaemia, heart failure
i3 of paramount importance

Ischaemic rest pain This Intolerable pain which prevents
sleep 13 extremely difficult to relleve and is usually an
indication for amputation It may be allaviated slightly by
opium alkalolds (papaveretum) by dimmorphine and by synthetic
morphine-1ike substances such aa Levorphanol tartrate (2 mgm
every 6 hours) Pethidina is of little value but the 8o called
"tranquillizers auch as methyl pentynol carbonate or meprobamate
(200-50Q zgm 3 or & times daily) msy be of help In any but
the elderly patient with limited prognosis the use of narcotics
for any length of time 1s highly undeairable because of the risk
of addiction
PERIPHTRAL ARTERTAL FYBOLIZH

Adequate treatment depends upon recognition uf the causes
and prognosis The former are 1isted below
1 Previcus thrombosis in pulmonary velns left atrium or

left ventricle associated with mitral stenosls or

or diabetes
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cardfac Infarction and heart faflure (Drew Miller et al

1952}
2 Arrhythods {usually atrial fibrillation)
3 Intracar n or a3 in mitral

stenosis or infective endocarditis
13 Paradoxical awbolism from peripheral venous thrombosis

through a patent forsmen ovale

T ac throm s and embolism are most
likely to ocour when both obatruction to flow and arrhythmia
are associated and this accounts for the frequency in mitral
valve disease Emboli are freguently mulitipls and have a
tendency o recur once a patient has begun Lo produce emboli
he tends to continus to do so {Daley 2t al 1951)  Feripheral
embold are not infrequently silent eapecially in mitral valve
gisease Jacobs {195%) examined 269 patients with mitral
aterosis and 300 controls amd found evidence af recent emboli
in 27 per cent of the mitral patients with atrial fibriliation
L per cent of those with sinus rhythm and O 6 per cemt of
the contrals  When serious enbolism occurs however the
prognosis is gloomy !artin {1959) reported that of 38 patienta
admitted to hospltal 18 died and 5 required amputation of a
1iwb  Fifteen were dfscharged but only 3 with apparently
normal peripheral circulation The high mortality was ascrived
to heart dfsesse pulmonary embolism and recurrent systeaic
ambolism

Treatiment of established emboliam 1a clearly highly satis~
factory whatever medical or surgical means ts emplayed
Attention must therefore be focussed borh upon prevention of
Antr c thrombosis with embolism and apon
secondary embolism from the ordginal embolus which tends to
break up when arrested at an arterial difurcation and shower
Qaughter ambold Into smaller distal vessels This complication
undoubtedly often contributes to the failure of embolectomy
{rartin 1959}

It 4% probable that in mitral stenosls when the patlent
starts to fibrillate throwbosis occurs repldly in the atrium
snd the thrombus is either dis harged or organised in sitn
within a few hours  If effective anti coagulatien could be
started at the onset of stris} fibrillation esbolism would be
discouraged  The use of lon terw anti-coagularts has been
claimed to reduce the incidente of evbelism in rheumstic heart
disessa ty Wood aed Conn 11954) ani by Irvin~ Wright amd his
tolleagues (1 cDevitt et o1 1358} a3 & cwn below




No Apti-  Total No of pts

of coagu- pt with recurrent No of thrombo-
pts lant montha embolism embolie eplsodes
therapy
51 o 1747 43 197
. 1515 20 55

{Modified from McDevitt et al 1958)

These figures are not wholly reliable however for the
control group was r and not selected at random
or observed concurrently with the anti-coagulant group
Nevertheless there is much to suggest that anti-coagulants /
do significantly reduce the incidence of emboll
Embolism {s even more strikingly reduced by mitral

valvotony (Belcher and Somerville 1955) In my own experience
of 259 patients who came to valvotomy, 59 had 1 or more emboli
previously but only 6 had an embolism in the period from 6
months to 7 years after operation and multiple emboli never
occurred
]l Anputation of the left atrial sppendago alone will protect

ainst further esbolism In no more than 50 per cent of cases

t might possibly be considered if valvotomy is impracticable v
After successful operation anti-coagulants may be gradually
discontinued, but should never be stopped suddenly for this
may precipitate thrombosis Afver reversion of fibrillation
to sinus rhythm embolism 1s even less likely to occur Rever-
sfon may occur spontaneously after operation or may be induced
with quinidine under anti-coagulant cover but reversion fa
often not sustained and quinidine may be dangeroua even when
given in the usual therapeutic dosage

The effects of embolism, especially repeated embolism

can be so devastating and the results of treatment so unsatis-
factory in mitral valve disease that an aggressive attitude
towards prevention is indjcated on the part of the physician
Therefore {n patients who have recently developed atrial
fibrillation due to tight mitral stencsis anti-coagulant
therapy should be started and mitral valvotomy carried out
as soon as possible  But thrombus may be detached from the left
atrium at valvotomy especlally in patients with recent atrial
fivrillation in whom the thrombus may be soft and pliable
It has been claimed that this hazard may be reduced by covering
the operation with anti~coagulant drugs of the coumarin series
(Storm and Hansen 1955} Perscnal experience suggests that
this may indeed bs 80 and the preliminary results in a series
of patlents operated upon by my colleague ¥r W P Cleland
and his assoclates, are shown below
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Mitral Valvotomy
Total cases {all with atrlel fibrillation) = 106

Ho (ancif-colsulam cover Left atrial Qperative

No of patients) throobus Emboliss
62 e $ (3 faral)
(22%) {ef}
Anti-cosgulant cover
Lk A 1 {fatal)
19%) {2 3%
Prathrombin Prothrombin time
Jgcs 15 seca
Lmedtauly
befors
vatvotomy

Anti-coagulant cover was provided by Phenindione which was
uaually started 10-15 days prior to operation Prothrembdin
times were kept In the therapeutic rarge whenever possible and
1t s of interest that in the 2 patients in the anti-coagulant
&roup who had an operatlva embolism and {resh thrombus in the
strium reepectively the prothrombin time was insufffciently
prolenged for affective action in preveating new thrombus
formaty Three had which did not
cause desth {p any and might have been attributable to the
thoracotomy rather thsn the anti~coagulant

These results era merely pravisicnal 1t remaina to be
eees whether further study of more patients will support the
trend wowards protection from operative embolism afforded by
anti-coagulants

Recurrent embolism will contimus to remain a problem
hwavar until more is known of the umderlying physlcal and

1 causes of and intravascular mbosis

W

Pasn should be contralled with papaverstum or pethidine
The limb should ba expeaed Lo & high amblent temperature and
the trunk hested One or two cunces of brandy by mouth shourd
be given and anti-coagulation starved with 100 mgm heparin
intraventusly and 100 mgm of phenindlone by wouth

Rapid atrial fibrillation should be controlled with
digitalis using intravencus digoxin if the need is urgent
and the patient is not already recelving digitalis No attempt
should be made to revert the fibrillatfon to sinus rhythm with
quinidine at this stage

Intramusculsr injections of Imidszoline should be given
every 3 houra and if an artery proximal to the embolus s
easily accesaldle an intracarterfal injection may be given
Great care must be taken t0 compress the artery after puncture
if the patient has been heparinized 1lest a large hiermatoma
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result Congestive heart failure if present should be treated
in the usual way The vascular surgeon should see the patient
in consultation on admission to hospital and if signs of limb
ischaemia persist after 1 or 2 hours embolectomy should be
undertaken provided the patient s general condition permits
it

The chances of saving the limb depend upon several factors
notably the interval between the occurrence of the embolism
and vreatment the size of the artery involved and the amount
of secondary embolism in the limb  As would be expected the
1limb survival is lnversely related to the size of the artery
obstructed (Jacobs 1959)

Anti-coagulant therapy must be continued and should on
no account be stopped suddenly a few days after the embolism

In patients with mitral valve disease valvotomy should
be considered as soon as cardiac functlon is satisfactory and
the limb out of danger Naturally all patlents will not have
stenosed mitral valves suitable for valvotomy but the majority
will for serious or repeated embolism is rare in dominant or
lone mitral incompetence
conctpsToN

In many forms of peripheral arterial disease definitive
treatment lies in the hands of the surgeon The physician s
part should lie in general management prevention of further
arterial disease and supportive treatment of iachaemic limbs
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Treatment of Peripheral Vascular Disease
2—Surgical

G W TAYLOR

Occlusion of the large limb arteries is most frequently
caused by athaerosclerosis and in considering surgical measures
in this form of the disease two facts must be kept in mind
The firat is that the peripheral form of atherosclerosis is a
relatively benign disesse Of 408 patients attending the Vascu-
lar Clinic at St Bartholomew s Hospital major amputation
became necessary in only 4k (10 per cent } over a period of
observation ranging from 4 to 10 years The second fact is that
surgical treatment does not influence the baaic pathologieal
disturbances in occluaive arterial disease and this form of
therapy is therefore best regarded as a palliative measure
useful when certain complications occur Aneurysm formation
and arterlal stenosis or occlusion are the camplications
responsible for the major symptoms of atherosclerosis of the
linb arteries
Aneurysm formation

Peripheral aneurysms occur Dost frequently in the femoral
or popliteal arteries snd multiple lesions are not uncommon
Severe symptoms from the physical presence of an aneurysm in
these sites are rare but the risk of rupture or of total throm-
bosis within the sac is sufficlently great to warrant trestment
whenever the diagnosis is made Current surgical treatment is
directed toward excision of the lesion and restoration of normal
blood flow This may be accomplished occasionally by excision
of the aneurysa and end to end anaatomosis of the proximal and
distal arterial segmenvs but more usually arterial grafting
13 necessary to restore vascular continulty The uninvolved
arterial tree 13 usually of good calibre and patency in patienta
with periphersl aneurysm and the results of grafting are very
satisfactory (Crawfori et al 1959)

Apterisl stenmais or pcelusion

Diminished blood flow distal to a major arterial occlusion
may be responsible for intermittent claudicatfon or pain at
rest indicative of nutritional disturbance in the limb The
second sy:mptom is the more seriocus and gives waming that the
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safety of the 1imb is endangered Sympathectomy or a direct
operative attack on the diseased main vesssl are the onmly
surgical measures capable of favourably influencing blood flow
distal to an oc lusion  The theraptutic prodlem 1z to decide
for which sywmptom and in shich patients these methods should be
uted Under ateady inflow conditions the blood flow inm a normal
Limb 1a dependent largely on the peripheral resistance offered
by the capillary beds of the skin &nd the muscle masses

{Figure 1 K1) With main artery occlusion a farther impedence
{Figure 3 RZ) s superimpoasd on the existing peripheral
rasistance The result will be s reduced flow in the vissues
dfstal to the hlock and the megnituds of the reguction will
depend ultimately on the degres of development of the collateral
cirgulation 1In gepersl & aingle block will produce syapioms
of claudication only while multiple occlusions with sdditianal
impedence {Figure 1 A3} are assoclated with nutritional

R3

Rt

Figur )} Digamatpe B mpd ac o toblood Row off ¢ & by
¥ gmental occlur one iz the m in dem art es

disturbance and gangrene  Sympathectomy exerts its chief and
lomedtate affzct by diminlahing the vasoconstrictor tona of the
amall arteriales supplying the skin  The clinieal bemefits of
sympathectomy are therefore largely ¢onfined to an improvement



in skin flow and this can only occur if the collateral circula~
tion around the more proximal pathological impedences perait
sufficlent flow to fill the denervated and dilated cutaneous
vascular bed Whether or not this improvement in skin blood
supply takes place depends not on an abolition of abnormal
vasocenstriction in the diseased limb but solely on the degree
of main vessel occlusion and the state of development of the
existing collateral circulation Sympathectomy ia most effective
in patlents in whom there 1is cutaneous ischaemia and yet whose
existing collateral circulatien is adequate to allow improved
flow through the denervated skin This 1s the clinfcal stage
of early nutritional impairment and is characterised by well
developed postural colour changes coldness of the foot and
slight rest pain In this context other minor sensory distur-
bances swh as tra and par hesla are included
in the category of rest pain Table I compares the results of

TABLE T
Patients with Slight Nutritional Change

No  Improved  unchanged Worse

Sympathectomy 82 66 (80%) 4 (5%) 12 (15%)
No operation 45 22 {49%) 19 (427) & (9%}

sympathectomy at this clinical atage with a similar group of
unoperated patients There is a significant increase in the
number of patients improved by sympathectomy although this
operation did not lessen the proporticn of patients who
deteriorated in later ysars Sympathectomy done before this
clinical stage of the disease i3 unnecessary and I1s of no
benefit in the more advanced stages of vas¢ular impairpent
characterised by severe reat pailn with impending or actual
gangrene  This latter atate 13 always associated with extensive
main artery occlusion and a collateral circulation inadequate
to take advantage of the decreased peripheral resistance obtained
by asyzpathectomy Sympathetic denervation will never save a
1lizb once the queation of major amputation i3 under condideration
From the foregoing it will be clear that sympathectomy ia
unlikely to influence intermittent claudication in that the
large blood flow demands of the working muscle will not be met
by the 3zall overall increase in flow through the collateral
bed obtained by diminishing the cutaneous peripheral resistance
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Table II compares the results of sympathectomy in patients with

TABLE TI
Patients with Claudication

No Improved Unchanged  horse
Sympathectomy 65 16 (24%) 41 (6A%) 8 (12£)
No operation 8k 21 {25%) 57 (68%) & (7%

claudication with a similar group of unoperated patients Both
groups were follawed over a period ranging from & to 10 years
and 1t can be seen that there is little aifference in outcome
Intermittent claudication can only surely be relleved by a
spontaneous major increase in the collateral circulation or
by seme form of direct arterial surgery alder (1958) has
pointed out that a high perfuslon pressure is meeded to ensure
adequate flow through the exercising calf muscle Both pressure
and flow are reduced in the main artery distal to an occlusion
and direct arterial surgery 1s the only effective method of
restoring normal pressure and flow relationships {Figure 2)
The main indication fer sympathectomy in ocelusive vascular
disease then is at the stage of early nutritional disturbance
The immediate effects of operation at this stage are good and
the resulting slight increase in blood flow through the
collateral bed may in tne course of time stimulate further
development of these impartant vessels
Direct arterial surgery

The realisation that peripheral occluajve disease
affects mainly the large stem arteries and that the process
is commonly segmental in nature haa led to the development of
direct surgical attack on the diseased vessels Thrombo-
endarterectomy and arterial grafting are the most generally
useful metheds although occasionally a short segment of
occlusion may be reset
occlusion may be resected with direct repair of the divided
vessel  Thromb is most 1 in relieving
relatively short blocks in large diameter vessela and is the
operation of choice in disease confined to the aorta-ilisc
segment  Arterial grafts must be used when the occclusive
diseass imvolves long lengths of the narrower femoro-popliteal
Tegions of the peripheral arterial tree and the by-pass method
of insertion has become established as the technique of choice
The ideal materdel for arterial grafts has yet to be found
The use of autogenous vein {usually the long saphenous) has
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BEFORE ORAPTING
200] 125/70 65/58 63/54
\IW\I\J VN PP
m: Fenorsl | Popliteal Sural a
WA
W i
o 144/68 138/72 142/77
AFTER ORAFTING

F gu o2 Resting pressures in the Femo at Popliteal and Sural
arteries in a patient with Femoral artery occlusion and severe
claudication Normal pre sure in restored to the distal vessels
afte by pass grafting

/o\mous theoretical advantages and has yielded good results
(Linton 1959 Dale and Mavor 1959) but in advanced ischaemic
i disease the available veins are often diseased or too short
for the purposs Preserved arterial homografts have been used
extensively but are difficult to obtaln troublesome to process
and may be prone to degeneration many months after implantation
1nto the limb (Szilagyi et al 1957 Hoye and Warrem, 1956)
The recent trend in arterial replacement is toward the use of
plastic prostheses and while a large variety of synthetic
tubes have been shown to function adequately in the aorta-iliac
segment it 13 as yet too early to a3sess their use in the
narrower femoral and popliteal arteries Currently tubes of
xnitted cricped Dacron (terylene} (Crawford De Bakey and
Cooley, 1958} or woven teflon (Verendino Girvin and Thomas
1958} are popular and have a high rate of initfsl success
The long term results rexain to be seen and must await reports
of careful and accurate follow-up studies with detailed analysis
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of $he state of the arterial tree at the time of grafting The
indications for direct arterial surgery must necessarily be
influenced by such factors as the mortality rate for these
operations and the degree of success in maintaining arterisl
patency over long periods of time Table III gives an indication

TABLE III

Mortality Rate
Aorta-iliac 5% (36% - 3%)
Femoro-popliteal 2% (11% - 1 4%}

of the mortality rate of direct arterial surgery in the proximal
and distal segments of the arterial tree The figures in
parenthesis give the highest and lowest mortality range in
published series  As yet no adequats long term reporta of the
results of grafting in the peripheral vessels have been
published I am however indebted to Professor C G Rob

for Table IV which Shows his results obtained in 400 patients

_TABLE IV
Results in LOO Patients followed for 1} years or longer
(Prof C Rob)

Operation phocof Dead  Tnrombosed Patent
Direct Suture 20 2 2 16 (80%)
e erectony 97 3 8 a6 (ag 76)
usogenous 2 2 18 13 (44 78)
2::21;30\13 206 12 53 w1 (68 4%}
Frestheots a8 & 10 30 (62 5%)

followed for 1} years or longer In general the long term
results in the sorta-iliac Segments whatever protedure is used
are better than in the smaller distal vessels (Freeman and
Nicholson 1959 ¥ylie 1952} At present it would seem reason;
able to expect relatively long term muccess in 80 per cent of
operations on the proximal vessels and in 65 per ceat of the
more peripheral procedures These results are encouraging but
can only be obtained by careful selection of patients and metd
culous technique Succeasful direct arterial surgery is moat
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often achfeved in patisnts with occluston limited to ong segment
of the arterdsl tree and with good proximal and distal vessels
This type of leajon usually produces symptoms of claudication
only and is unlikely to threaten the limb as & whole Most
patients adjust well to interafttent ¢laudlcation but in the
minority who prove intelersnt of this symptom, the methed of
direct arterial surgery appropriate to thelr lesion offers the
best proapect of reliel Arterial surgery can sometimes be of
great benefit in severe ischaemis when the ssfety of the limb
is threatened and 2 preportion of such limbs can be saved {rom
amputation The arterial tree in thess circumsbances is usually
ively di d ard the prosp of sarly and late success
are correspondingly diminished In a personal serdes of 34
patients with ischaenis 8evare epough to warrant major amputa~
tion arterisl grafting was technically possible in 25 patients
Table V gives the results of this trial and it ¢an be aeen

TABLE YV

A4 Patiente

25 By-pass grafts {8 Ilio~poplitesl 17 Pemoro-popiivesl}
4 Early failures 4 amputations

6 Delayed failures {2-§ montha) 5 amputations

16 Limbs survive {921 yr}

Resuits of direct arterial surgery in ischaemia
severs enough to warrant major smputation

that about half the 3iubs origirally at risk have been aslvaged
The later results in this series remain to be seen but in
these elderly patlenta the preservation of & liwd for what msy
be a comparatively large propertion of their remaining 1ife
seens worthwhile
Two further surglcal procedures remain to be considarsd

‘enotony of the tendo Achillis iz & minor procedurs which can
roduce striking relisf in eldarly patients afflicted with
crippling calf claudicatfon Finally awputation should net
ba delayed in severs ischaemia reslstant to other forms of
treatsent  Ischaeaic pain unduly prolonged can destroy a
patient phyaically and can imprint so stracg & oental stfoulus
that even asputation will fail to bring rellsf

226



REFERENCES

Crawford E 5 De Bakey M E and Cooley D A (1958)

Aren Surg , 26 261
Crawford E S De Bakey M E and Cooley D A (1959)

Arch Surg 78 226
Dale, » A Mavor G E (1959) Brit J Surg 46 305
Freeman N E and Nicholson G J (1959) Arch Surg 28 280
Hoye S J and harren R (1956) New Engl J led 254 102
Linton & (1959) New Engl J Med 260 272
Merendino kK A Girvin G W and Thomas G I (1958)
Surgery 43 959
Szllagys D E McDonald R T Smith R F and ¥hitcomd
J G {1957) Arch Swg 25 506

halder D N (1958) Brit med J 1 255

wylie E J (1952) Surgery 32 275



DISCUSSION

CHAIRMAN) T would like to begin by thenking the speskers for
Koeping up to time end now ve have twenty minutes left for the
discussion snd I would like to start it by asking twe questiona
The first is I wonder if anyone has any experience of stopping
smoking in thrombo-angiitis otiliterans? I think 1¢ was Silbert
who about 25 years sgo suggested that 1f you did atop the patient
smoking that they got no recurrences and I suppose I have had
ebout half-a-dozen patients in the last twenty years with thrombo-~
englitis tn whot I have stopped them smoking and I Bave not seen
an extension of the disease in any of those patients I wonder
if other people bave experienced this rather uncommon conditien?
Now the sacond question I would 1ike ta msk {s thfs s there
eny evidence about the place of snticosgulents in the treatment
of paripheral arterial disease? There are two particular kinds
of dlmesse in which ons wmight auspect that it might be useful
‘There 1a the acute Rayneud which Lewis and I showed a long time
sgo was due to thrombi in the palmar arch or the plantar erch
X have had one patient in the laat ten youse with that condition
treated by heparin from the stert who mada an unusually Eood
Tecavery Wut of coures that Feally is net evidence  And ¢
second 1s, 1s there sny evidence that if tie s rgeon has given
you w new artery for old either by putting in a bit of the teil
of your shirt or a Dig 8 EFtery or something that you ere more
1ikely to remain with your erteries patent if you are treated
with snticosgulsnts than if you are nat?

MR_TAYLOR: T can snawer your second question Sir The answer
1a That you are more likely to remain with a patent graft on
enticongulntion than not

CHATRMAN)  Has that been dons with a contrelled trial?
MR TAYLORs rrof
bis figures

are quite d.nnn.-

or Rob hes done it and I do not carry
but he tella ms that the conclusions

CHATRMAN)  How long do you keep it up?

IR, _TAYLOR:  Indefinitely

LR __GOODVINY  In only one of my fourteen patients with thrombo=
anglitis in whom the condition did not require surgery was
the condition spparently arrested by a senstble physician who
reslly d1d stop smaking

CHATRMAN:  Did the athlr- progr
wasocistion with smokin,

because they smoked or in

DR__GHODETNI  No mnot nec

CHATRMANG X

they vers so bad vhan you got them
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DR__GOODWINI No they were not all extremely bad; some of them
were quite mild

CHAIRMAN)  But th y required surgery?

DR__GOODWIN:  They required some form of surgery at some tima
over a long period a period of 5 Yyears to 10 year

CHATRMaN;  That sounds as though the dis ase Progressed?
DR__GOODWIN: I think it probably did

CHATRMAN;  And did th y smoke or didn t they smok 7

DR _GOODWIN: Most of them I think did smoke but most of
thm denied it

CHATRMAN:  Ye  yea

DR_FLETCHERs I didn t quite follow Dr Oakley s slide about
the duration of diabetes and the number of patlents He had

a h ading in his slide with vascular disease  Did he mean
number or percentage because if it was a numb r pr sumably
there are smaller numbers of patlents with very long stand
diabet s and this would indicate an increa ing percentage

pr valence

DR _OAKLEY: Th re w re two slides; the second one wa expr sed
in cases per hundred of males and f male  In th firat slide
if my memory serves m it 4s the 2 tual mumber of those in that
age group today end th mumb r of cas s examined was given on
the same slide So you cen ex lude the qu tion of wheth r w

w re g tting a smaller or larg r nuwber of patl nt in that way

IR__ROBERTSON+ I would like to ask Dr Goodwin if he thinks
There is any place for a machine producing p 1itive and n gative
pressure in the treatment of th e pati nta?

DR __GOODWIN: I vnuld ayno Sir b cau o I am always v ry
worried about me hanical put on to potentially or
Rctuslly i chaemi 1imbs I don £ F ally think 1t doss aay goodi
1t might v £y w 11 do harm

PRESIDENT: T would 1like to a h Mr Tayl r who said thet many
patients scclimatize th m oLy quite well to having intermittent
claudication 1is there amy harm inm going on waiting provid d
nmc th y are willing to Bt up with eheir 1iaitetion 7 s o

g any harm in waiting befor con id ring surgery for thetr
treatment?

MR _TAYIOR: I pr um you m an some form of direct arterial
urgery?

PRESIDENTI  Yea

¥R TAYLORt Th re may b some harm Th re may be a tage

VH T th re is a short block eay in your femoral artery whi b
could be v ry ea i1y dealt with by thrombo- ndarterectomy and
if tr atmnt 4 po tpon d the clot may extend proximally and
distaily and tho cendition may € © wor o  The diffi ulty of
cour e im to decid when that is going to happen Only 10 p r
cent of all patient g t into bad trouble and it would m an
inv stigating and possibly tr ating a lot of patients umn e -
arily  The diffioulty 1a to find which pati at is going to

go bad Wh n you fir t see

DR_L, GIICHRIS I hould like to a k Dr Oakley wheth r the
Sotual control of diab tes influ moes the on & of P ripheral
vas ular dis ase
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DR _OAKLEY) I should very much like to be able to manaver that
quention

DR, KEMBALL PgICE I should uka to ask if people have had
olloving starting priacol
treatment rm- peripheral vascular disease particularly in the
lower linbs Baceuse I have seen it occur on five occasions
within a week of starting the drug which seems more than
coincidental

DR__GOODVIN: No I have never seen it It is an obvious
hazard particularly if you give large doses by injection

HAIRMAN;  When you say it s an obvious hazard do you mean
thcoratlcu or because Tuts ia common experience

DR__GOODWIN: It has been reported and I think it s reasonable
thooretically sa well



DEMONSTRATIONS

RADIOLOGICAL INVE>TIGATION OF ACUTE STROKE
J A4 D BULL

See text page 76

BLOOD COAGULATION IN ISCHAEMIC HEART DISEASE

LAWSON McDONALD

Coagulation of the blood ia shown to be increased in patients
with ischaemic heart disease compared with normal subjects
These changes become particularly marked during the acute
phases of the disease The importance of these findings in
the natural history and treatment of ischaemic heart disease
is demonstrated
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MICROSCOPICAL AFPE_RANCES OF ARTIFICIAL THROMBI
PRODUCED BY A VODIFICATICN OF CHAIDLER > TFCHNIQUE
J ¢ F PCOLE

A closed circular loop of plastic tubing is partly filled
with blood and mounted on a rotating turntable so that the blood
1s made ta flow continuously raund the loap Under these circums
stances the blood does not clot at all in the ordinary sense
Instead a small solid body appears just behind the advancing
edge of the column of blood and floats round for an indefinite
periocd  Such bodles have a histological structure resembling a
nstural thrombus The photomicrographs show the structure and
development of these artificial thromdi under a varlety of
conditions
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Pyridoxine deficiency 25

Radfcactive substances clearance of 183
Radfological investigation 73 133

Raysaud » disorder 205 218 21t Z12
Recanalisation 151

Reflex heating 205

Restricted sequential procedure 96

Ret ograde percutanecus subclavian ang ography 77
Rbeumatold arthritis 205

Satarated Gatty acid 31

Sclerod rma 10 205 211

5 x diff rences 124

Skin blood flow 183 186

Skin temperature 183

Smeking 12Z 213 228

Sphtngomyelin 28 29

Steltate ganglion block 93

Stress (22 139 143

Subgstimal baemorrhag 149 175
Sympathectomy 67 186 189 191 193 201 221
Sympathetic 186

Syphilis 38

Syatolic bruft 66 (See Systolic murmur}
Systolic murmur 66 86 145 109
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Talley iy ctor 134

Temporal lobe 78

Tenotomy 226

Tetraethylammonium bromide 191

Thermocouple 183

Thrnmboan:ﬂul obliterans 10 15 37 181 205 211 228
Thromboendarterectomy 89 105 160 161 223 229
Thrombokinase 58 "

Thrombo phlebitls migrans

nram'mr: 4 4 55 S4 60 34H 149 152 163 181 231
Thrombatic microanglopathy 10

Thrombus 40 41 43 44 46 58

Thyroud function 139

Thyroxine 32

Time lap ¢ ¢ nematography 5%

Tobacco 213 (See Smoking)

Tonose llog aphy 183

Total fat consumption 119

Tributyrin 39

Unsaturated fatty acid 25 31 32 35 119

Vasodilatasion 206 207
Vein autograft 160

Ventr cular fib illation 162
Ventriculog aphy 73 78 79
Viallet & method 77
Viamak 169

Whale o1 119



