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Abstract:
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FOREWORD

The subiect of this book is an important one for th¡ee reasons. First, many

people, particularly men, die in middle age after tbe abrupt onset of Pain

in the chest and with manifestations before and after death suggesting

infarction of the heart. Second, the cause of this disease is not unde¡stood,

and therefofe no pleventive measures Can be r:ndertaken. Finally, a vast

number of man-hours of scienti6c research, and a corresponding amouDt

of wealth is being consumed in trying to enswer this riddle. Unfornrnately,

the elementary facts conce¡ning the disease in man are by no means clearly

established. The critical onlooker may therefore be forgiven if he is a little
doubtful whether some of this effort will have gleat relevance to the human

problem iust outlined.
ft was because of this important consideration that Mitchell and Schwartz

undenook the wo¡k that is set out in the first part of this book. I myself

am delighted with this work for several reasons. It represents the ioint
efforr of a physician and a pathologist to illuminate what happeus during

life by what can be seen afte¡ death, an efort that is nowadays too rare.

They have compared the changes found in the coronary aneries with

those in other arteries of comparable sÞe and in the aorta. They have used

the best methods yet described. They have avoided unnecessary and un-

veri6ed assumptions. They have used the same methods to investigate

patients dying with cl.iÂical or Post-mortem evidence of infarction of the

heart, and an unselected sample of those dying in hospital in the same city.

Thus although this is not the ûrst study of this subiect it is in many ways

the most complete. The story seems to be this.

The immediate cause of infarction of tle heart is in most cases' though

possibly not in all, branch of a coronary artery,

particularly the left thrombus has a characteristic

it u.ntr.<lumps eucocytes and interlaced with

a ûbrin meshwork which often contains red cells or the ghosts of red cells.

As the thrombus ages the uuclei disappear, and it becomes more uniform

in composition. Later it becomes organized and ¡ecanalized' The longer

the interval between the clinical anack and death, the less likely is there

to be e fresh thrombus and the more likely is there to be a characteristic

plaque of intimal thickening producing coronary stenosis. A unitary view
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would imply that most stenosing plaques in coronary aneries represent the
¡emnants of past tlrombi of similar composition. An extrapolation of this
hypothesis would be that mosr stenosing intimal plaques that occtr in
other arteries arise simil¿¡ly.

A working hypothesis of the nature of this disease is thus that it is a
disease in which leucoc¡e-platelet-fibrin tlrombi occur episodically in
arteries, especially at certain sites. These become organized and are
incorporated into the intima as raised plaques. The media atrophies and
the adventitia becomes vasculü and infiluated with cells. In this stage rhe
disease is symptomless, Eventually a thrombus occludes a coronary artery,
and the well known syndrome occurs which may or may not be fatal. This
hypothesis resembles that of Rokitansþ and Duguid, but differs in stressing
that anerial thrombi contai¡ platelets and leucocytes as well as fibrin. This
is no more than a working hypothesis, but is as well substantiated as any
other. If it is correct tlten the platelet, much neglected by currenr research
projects, would seem to occ'upy a key posirion.

Finally, may I record my pleasure in being asked to write a foreword.
As I have t¡ied to indicate, this is ca¡efuI, methodical work on an important
subjea which come6 to a relatively novel, and I think probably correcr,
view of tbe narure of the disease. It is beautifülly illusuated and presents
new knowledge against a background of the old. It should make a substan-
tial contribution to the advancement of knowledge in an important and
hitheno poorly understood field.

Pnorrsson Sln Gnoncs P¡cxrn¡xc
M.A, M.D. F.R.C.P. F.R.S,

Regìus Professm of Medicine
Uniansity of Oxford



ACKNOWLED G MENT S

The necropsy sun¡ey, on which Pan I of this book is based, could not have

been r:ndertaken without the support, co-operation and assistance of many

people. we are grateful to Professor Sir George Pickering, Dr A.H.T.

ioUU-S-i ¡, *d Dr R.G.Macfarlane, for providing facilities which en-

M¡ P.Månners at va¡ious stages of the work.

and to Dr P.R.Emmons for her help in checking the proofs and index.

Some of our material has already appeared in scientific iournals, and we

are grateful to the following for permission to reproduce photographs,

diagrams and data:

Figures 2.23, znd 2.25, and the data on adventitial cellular infrlt¡ation-
the Ed.ito r of circulation, by permission of the America¡r Heart

Association.

Figures 3.1 to 4, 3.10 to 13 and the line diagrams in that chapter-the

Editor, Citculation Research, by permission of the American Heart

Association.



X ACKNOWLEDGMENÎS

Data and diagrams in Chapters 4, 5 and I l-the Editor, British Medicøl

Jounal.

Data, photographs and diagrams in Chapters 6, 7, 9 and l7-the Editor,
Bitish HeartJournal.

We are also grateful for permission to use material which did not form
part of our own survey, and we are indebted to Dr J.R.Casley-Smith of
Adelaide for the electon micrographs which appe¿r as Fþres 14.3 and

14.4; to Professor R.C.Buck and the Editor of the British Journal of
Experùnental Pathology for Figures 14.5 and 14.6, and to Doctor A.J.
Honour for Figures 15.7 and 15.8.



CONTENT S

FOREWORD Page vi

ACKNOS7LED GMENT S Page tx

INTRODUCTION

CHAPTER I

Terminology in arterial discase 3

Selection of materþl for studY 4

Method of study 4
The Oxford Necropsy surYcy 5

Historical background-arteriosclerosis,
athcroma, atherosclerosis, othcr
lerrns 15

Macroscopic ty¡res of Plaquc L7

fatry streaks 18

raised suda¡rophilic plaques 19

ûbrous plaques 2L

complicated plaques 2l
Aneurysms 22

Histological features of arterial plaques
24

fatty streaks 24

raised plaques 26

fibrosis 27

THE PROBLEM Page 3

Exami¡ation of material I
SYstcm of gra'ling 9

This book 10

PART ONE

THE OXFORD NECROPSY SURVEY

CHAPTER 2 . THE MORPHOLOGY OF
ARTERIAL PLAQUES Page 15

elastosis 28

calcificadon 28

granulomata 30
medial thinning 3l
haemorrhage 3I
fibrin 32
fatry deposits ?4

vasculariry 34

adventitial changes 35

other changes 42

Relationship between flat and raised
plaques 43

Signifrcance of changes in the adventida
46

xl



xl¡

Aortic plaque localization 50

Comparisou of carotid and iliac
systems 54

Localization in carotid and vertebral

systems 55

Localization in the iliac system 57

CONTENTS

CHAPTER 3 . THE LOCALIZATION OF
ARTERIAL PLAQUES page 50

Histological stn¡cture and plaque
localization 58

Arterial pressure and plaque loc¡lization
62

Turbulence ó3

Shearing Stress 65

Signi6cance of plaque localization 65

CHAPTER 4 .THE RELATIONSHIP BETWEEN
ARTERIAL DISEASE IN DIFFERENT SITES Page 68

Coronary, ca¡odd and iliac stenosis 69
Large cardiac lesions and aortic disease

severiry 72
Large cardiac lesions and ca¡otid and

iliac disease 75

Plague ulceration 8l
Cffotid and iliac occlusion in cardiac

infarction 82

Systemic natu¡e of arterial plaques 82
Sex differences in arterial disease 85

CHAPTER 5 . AORTIC DISEASE page 87

Unselected necropsy sample
aortic area 87
a¡ea of lesions and age 89

area of lesions and blood pressure
9l

a¡ea of lesions aod malignant disease

95
C-a¡diac infa¡ction sample 96
Diabetic sample 97

CHAPTER 6 .THE RELATIONSHIP tsETWEEN
LESIONS OF THE MYOCARDIUM AND
CORONARY ARTERY DISEASE page LO3

The unselected necropsy sample 103
Examination of the hea¡t 104

Assessment of coronary stenosis, coro-
nary score, coronary occlusion
and inter-coronary anastomoses
106

Histological examination of the myo-
'ca¡dium

changes in hean muscle 107

large cardiac lesions 109

small ca¡diac lesions ll3
changes in the perivascrrla¡ and inter-

stitial tissues lt4
papillary ñbrosis and small vessel

thickening l2l
changes in the endocardium 125

other lesions
focal necrosis 126
myocarditis L27

farty change 129
inñlcations 130

pericarditis læ
Significance of small and large ca¡diac

lesions 133
Perivascular and interstitial fibrosis

r36
Evolution of endoca¡dial fibrosis 136
Myocarditis and focal myocardial necro-

sis 138

Main findings of the unselected necropsy
survey 139



The large cardiac lesion sample 142

Featu¡es of large ca¡diac lesions

site 145
size 145
histological âppearances 145

endoca¡dial and perivascular sparing
t49

xru

pericardial changes 151

mural th¡ombosis and endocardial
fibroelastosis l5l

Hean weight in patients with large
lesions 154

Prevalence of other lesions 156

Rupnre of the hean 159

CONTENTS

CHAPTER 7 ' LARGE CARDIAC LESIONS pase r42

CHAPTER 8 . POST-MORTEM RADIOGRAPHY
OF THE CORONARY ARTERIES Page t6r

Anatomy 16l

The normal heart 162

The abnormal hcart lU
Radiographs of transverse sections

Increase in small vessel densiry
loc¡lized-the'subendoca¡dial

plexus' 170
generalized 174

167 Coronary calciñcation L74

CHAPTER 9 . THE DISTRIBUTION AND PREVALENCE
OF CORONARY STENOSIS AND OCCLUSION page l7E

Coronary stenosis in patients with large
lesions 179

Sex difference in coronary stenosis 180

Localization of coronary stenosis 182
Coronary occlusion

previous reported ¡esults 185

reâsons for divcrgent results 186

definitions 187

prevalence in Oxford survey r88
site 190

relationship to stenosis l9l
Large lesions without occlusion 193
Coronary stenosis and size of large

lesions 194
Ifter-coronar.v cha¡¡els 194

CHAPTER l0 ' THE STRUCTURE OF THROMBI page 197

Platelets 198

Vhite cells 201

Fibrin 2Ol
Red cells 203

Dist¡ibution of disease 2ll
Stenosis in the ca¡otid and vertebral

srteries 214
Correlation between carotid and verte-

bral stenosis 217
Correlation between aortic disease and

ca¡otico-vertebral stenosis 218

The fate of arterial thrombi 204
Distinction between recanalizing

thrombi and arterial plaques

207

Plaque ulce¡ation 219
Stenosis and strokes 2L9
Sigrrificance of ca¡otico-vertebral steno-

sis 22L

C.arotid and venebral occlusion 224

Ca¡otico-venebral stenosis and anerial
blood pressure 229

CHAPTER II .DISEASE OF THE CAROTID
AND VERTEBRAL ARTERIES Pege 210



xrv UTJ.(i{Il'Ñ¡ù

PART TWO
ARTERIAL DISEASE_A REVIEW

CHAPTER 12' THE HISTORICAL DEVELOPMENT OF
OUR KNOITLEDGE OF THE EFFECTS

OF ARTERIAL DISEASE page 235

Disordersofthecoronarycirculation235 Disotders of the cerebral circulation
Disorders of tåe perþheral arterial 242

circulation 240

CHAPTER I3' INDIVIDUAL AND ENVIRONMENTAL
FACTORS IN ARTERIAL DISEASE page 248

Terrninology in arterial disease 248
validity of death cenification data

249
the problem of sudden death 250

Simificance of thcsc factors in com-
parative sn¡dies

differenl periods in one county 253
different countries 254

Species differences 254
Inter-rasial differences 255
Genetic differences 257
Pcrsonal factors

sex 258
social class 259
occupation and physical activity

259
smoking habit 2ffi

'stress' 26L
systemic blood pressure 262
obesity 264
blood cloning mechanisms 264
ñbrinolysis 265
serum lipid levels

the findings 266
the theories 268
funhcr obscrvations 269

other diseases

familial hypercholesterolaemia 27 2

diabctes mellitus 271
Envi¡onmental factors

dietary fat 275
hardness of water supply 277

smoking 277

CHAPTER 14 . THE PATHOGENESIS OF
ARTERIAL PLAQUES page 283

Historicalbackgrorurd 283
Comparativepathology 288
Experimental approach 290

trauma 29L
experimental hypercholesterolaemia

293
raised arterial pressure 300
iniection of clot and th¡ombus 302
hormones

antithyroid agents and myxoedema
304

diabetes mellitus 306

sex hormones 308
Thc contributions of experimcntal

pathology 309
The pathogenesis of human anerial

lesions
the lipid hypothesis 3ll
thc mucopolysaccharide hypothesis

3L2
the intramural haemorrhage hYPo-

thesis 313
the medial thinning hypothesis 314
the th¡ombogenic hlPothesis 315



Platelets 326
platelet clumping 328

Vhitc cells 331
Red cells 332
In oito models for studying throm-

bus formation 333
In dao models for studying tl¡ombus

formation 335

Anticoagulant therapy

rypes of agent 356

experimental eftect 357

clinical effect

in cardiac infarction 357

i¡ stroke 360

in angina pectoris 36L

Fibrinol¡ic agents 362

Injection methods for studying the
coronary aneries 377

Serial sectioning of the heart 380
Radiography of the injected heart 380

Clearing 382

CHAPTER I6 . TREATMENT OF
ARTERIAL DISEASE Page 356

xv

Injury to vessels a¡d the white body
phenomenon 335

Russell's Viper venom administration
342

Vorking hypothesis for th¡ombosis and

anery wall disease 350

Depression of serum lipids
by diet 764
by hormones 164
by nicotinic acid 365

by inhibitors of cholesterol bio-
synthesis 365

Hlpotensive agents 366
Surgical úeaûrletrt 366
Vaso-dilator dn¡gs 369

Microradiography 383
Planimetry and tracing 386
Assessment of stenosis 194
Plaque severiry in large arteries 394

CONTENTS

CHAPTER I5 .EXPERIMENTAL CONTRIBUTIONS TO
THE STUDY OF THROMBUS FORMATION pase 326

PART THREE
METHODS

CHAPTER I7 .TECHNIQUES FOR THE QUANTITATIVE
STUDY OF CARDIOVASCULAR DISEASE

AT NECROPSY Pase 377

INDEX page 397



LIBRARY NOTE:

The following pages (pp1-411) have been removed 
due to copyright.



-6 {5
Volume III, Books and Book Chapters

(Submitted where indicated with .)

.Mustard JF, Packham MA and Schwartz CJ. Factors Influencing Platelet
Aggregation. Cereb Vas Dis 6th Princeton Conference7J-9},1968 [30]

. Schwartz CJ and Bell FP. Pathology of Atherosclerosis, Thrombosis and other
Arterial Diseases. In: Peripheral Vascular Surgery. M Birnstingl ed.
Heinemann Medical Books, London, 75-111, 1973 [80]

Schwartz CJ, Bell PF, Somer JB and Gerrity R. Focal and Regional Differences
in Aortic Permeability to Macromolecules. In: Fluíd Dynamics of Arterial
Disease. RM Nerem ed. Ohio State Universiry, 46-50,1974 l70l

Bell FP, Adamson IL, Gallus AS and Schwartz CJ. Endothelial Premeability:
Focal and Regional Patternr s¡ 13l1-4lbumin 4n¿ 13l1-pibrinogen Uptake and
Transmural Distribution in the Pig Aorta. In: Atherosclerosis III. Proceedings
of the Third International Symposium. G Schettler and A Weizel eds. Springer-
Verlag, Berlin and Heidelberg, L974 160l

.Gerrity RG, Richardson M and SchwartzCJ. The Morphologic Basis of Arterial
Endothelial Permeability: Some Uluastructural Aspects of the Evans Blue Model.
In: Proceedings of the International Workshop Conference on Atherosclerosis.
GV/ Manning and M Daria Haust eds. Plenum Press, New York,952-958, 1977
ts0l

Schwartz CJ, Gerrity RG, Lewis LJ, Chisolm GM and Bretherton KN. Arterial
Endothelial Permeability to Macromolcules. In: Atherosclerosis IV. Proceedings
of the Fourth International Congress on Atherosclerosis. G Schettler, Y Goto, Y
Hatu and G Klose eds. Springer-Verlag, Tokyo, Japan, l-ll,1977 Í601

. Schwartz CJ, Gerrity RB and Lewis LJ. Arterial Endothelial Structure and
Function with Particular Reference to Permeability. In: Atherosclerosis Revíews.
AM Gotto and R Paoletti eds. Raven,109-124,1978 t50l

.Schwartz CJ, SomerJB and Gerrity RG. Initial Events in Atherogenesis. In:
Very Early Recognition of Coronary Heart Disease. L McDonald, J Goodwin and
L Resnekov eds. Excerpta Medica, Amsterdam-Oxford, 47-61,1978 [85]

. Schwartz CJ, Chandler AB, Gerrity RG and Naito HK. Clinical and
Pathological Aspects of Arterial Thrombosis and Thrombo-Embolism. In:
Proceedings of a Workshop on the Thrombotic Process in Atherogenesis. AB
Chandler, K Eurenius, GC McMillan, CB Nelson, CJ Schwartz and S 

'Wessler 
eds.

Plenum Press , New York, New York, 104:11 l-126, 1978 [50]

. Schwartz CJ, Gerrity RG, Sprague EA, Hagens RM, Reed CT, Guerrero DL.
Ultrastructure of the Normal Endothelium and Intima. In: Proc V Intl Symp on
Atherosclerosís. AM Gotto Jr, LC Smith and B Allen eds. Springer-Verlag,
Houston, Texas, 712-120,1980 [40]

Schwartz CJ, McGill HC, Rogers WR. Smoking and Cardiovascular Diseases.
In: A Safe Cigarette? Banbury Report #3. GB Gori and FG Bock eds. Cold
Spring Harbor, New York,81-91, 1980 t30l

. Schwartz CJ. Thrombotic Processes in the Pathogenesis of Myocardial
Infarction and Sudden Cardiac Death. In: The Thromboembolic Disorders. J



l8

Ambrus, F Beller, C Prentice and J van deloo eds. Schattauer Verlag, Stuttgart
New York,20:381-395, 1983 [80]

Structure and Function of the Circulation, Vol I. CJ Schwartz, NT Werthessen
and S V/olf eds. Plenum Press, New York, 1980 [90]

Structure and Function of the Circulation, Vol II. CJ Schwartz, NT Werthessen
and S Wolf eds. Plenum Press, New York, 1981 [90]

Structure and Function of the Circulation, Vol III. CJ Schwartz, NT W'erthessen
and S V/olf eds. Plenum Press, New York 1981 [90]

. Schwartz CJ. Trigger Mechanisms in the Pathogenesis of Sudden Cardiac
Death. In: Sudden Cardiac Death. BE Sobel, JV Dingell, and MB Mock eds.
Futura Pub Co, 171-186, 1982 [100]

. Schwartz CJ. Thrombosis in the Pathogenesis of Sudden Cardiac Death and
Myocardial Infarction. In: Prostaglandins and Cardiovascular System. John A
Oates ed. Raven Press, New York, 1-14, 1982 U.001

Schwartz, CJ, Sprague, EA, Fowler SR and Kelley JL. Cellular Participation in
Atherogenesis: Selected Facets of Endothelium, Smooth Muscle, and the
Peripheral Blood Monocyte. In: Fluid Dynamics as a Localizing Factor for
Atherosclerosis. G Schettler ed. Springer-Verlag, Berlin Heidelberg , 200-207 ,
1983 [60]

Schwartz CJ. Human Studies of Progression and Regression by Wm P Newman
III. Discussion. In: ClinicalDiagnosis of Atherosclerosis: QuantitativeMethods
of Evaluation. MG Bond, W Insull Jr, S Glagov, A Chandler and J Cornhill eds.
47t-474,1983 [r00]

. Saffitz JE and Schwartz CJ. Coronary Atherosclerosis and Thrombosis
Underlying Acute Myocardial Infarction. In: Thrombolysis and the Heart.
Cardiology Clinics. BE Sobel ed. WB Saunders V5:1:21-30, 1987 [60]

. Schwartz CJ. Perspectives on Coronary Artery Disease: Aetiology,
Pathogenesis and Unresolved Problems. In: Coronaries and Cholesterol. WJ
Cliff and GI Schoefl eds. Chapman and Hall Medical, London,l-25, 1989 [100]

. Schwartz CJ, Sprague EA, Valente AJ, Kelley JL, Edwards EH and Suenram
CA. Inflammatory Components of the Human Atherosclerotic Plaque. In:
Pathobiology oÍ thë Humai Atherosclerotic Plaque. S Glagov, WP Newman III,
and SA Schaffer eds. Springer-Verlag, New York, NY, 107-120,1990 [80]

Schwartz CJ, Cayatte AJ, Prasad ARS, Nerem RM, Sprague EA. The Biologic
Responses of Vascular Endothelium to Hemodynamic Shear Stress. In:
Proceedings of the Ninth International Symposium on Atherosclerosís. Stein O,
Eisenberg S and Stein Y eds. R & L Creative Communications, Tel Aviv,Israel,
559-563,1992 160l

.Born GVR and Schwartz CJ. New Horizons In Coronary Heart Disease. GVR
Born and CJ Schwartz eds. Current Science, London, UK 1993 [50]

. Schwartz CJ, Valente AJ, Hildebrandt EF. The Pathogenesis of Atherosclerosis
and Coronary Heart Disease: An Evolving Consensus. In.' New Horizons In



t9

Coronary Heart Disease. GVR Born and CJ Schwartz eds. Current Science,
London, UK, 1.1-1.10, 1993 [80]

. Valente AJ, Schwatz CJ. Monocyte-Macrophage Biology: Cellular
Molecular Contributions to Atherogenesis. In: New Horizons In Coro
Heart Disease. GVR Born and CJ Schwartz eds. Current Science, London,
14.1,-14.11, 1993 [30]

and
nary
UK,

Schwartz CJ. A Modern View of Atherogenesis. In: Drugs Affectíng Lipid
Metabolísm. Catapano AL, Gotto AM Jr, Smith LC and Paoletti R eds. Kluwer
Academic Publishers, The Netherlands, 421-425, 1993 [100]

Schwartz CJ, Valente AJ. The Pathogenesis of Atherosclerosis. In: Natural
Antioxidants In Human Health and Disease. Balz Frei ed. Academic Press,
Harcourt Brace Jovanovich Publishers, Orlando, Florida, 287-302,1994 l70l

Schwartz CJ, Valente AJ. Atherogenesis and Coronary Heart Disease: Cellular
Mechanisms. In: International Textbook of Diabetes Mellitus 2nd Editíon.
KGMM Alberti, RA DeFronzo and P Zimmeteds. John V/iley and Sons, London,
UK,In Press 1994 [80]

Schwartz CJ and Born GVR. New Horizons in Diabetes Mellitus and
Cardiovascular Disease. Schwartz CJ and Born GVR eds. Current Science,
London, UK, In preparation for publication, December, 1994 [50]



LIBRARY NOTE:

The following articles have been removed due to copyright.




