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PREFACE 

The experillental 1110rk presented. in this thesis 

is enhanced in interest by the lively controverey surr

ounding the surgical procedures for coronary insuffic

iency. Literature has been filled with different types 

of operations carried out in the experimental laborat

ories and the resul. ts of clinical trials of many auch 

procedures within the last twenty-eight years. 

It was in an att•pt to answer one of the ques

tions, i.e., ~ich one of the presently practiced oper

atione gives better protection in ooronar,y insufficiency, 

was undertaken in July 1 19 571 in the Department of Exper

:ilaEil tal Surgery of McGill Uni verei ty and the Radiologr 

Departmant of Royal Victoria Hespital. 
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co-operation which bas made this research possible. The 
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Webster, Director of the Experi:aental Surgi cal Laboratories 1 

for his interest1 co-operation throughout the year. 

I would like to express my thanks to Dr. F. Granger 

and Dr. R. Fraser of the Depa.rtment of Radiologr1 and Dr. A.C. 

Guha of the Department of Pathology for their valued assist-
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ance and for the many hours of their time the,y so kindl.y 

set as ide for this pro blem. 

For the considerable technical assistance and 

most of the radiography, thanks are due to Mr. Albert 

Nagy and members of his staff. 
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for her careful preparation of this aanuscript. 
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Montreal, August, 19 5S. 



OHAPTER I 

OHA.PTER II 

OBAPTER III 

OHA.PTER JY 

OHAPTER V 

(iii) 

TABLE OF CONTENTS 

Introduction 

Anatomioal Revisw 

!!m. 
1 

4 

a) Ooronary Arterial System 4 

b) Coronary Venous System 7 

c) Communications of the Ooronary 8 
System 

d) t.,mpbatio Drainage 12 

Physiology of the Ooronary Circulation 
a.) Ooronary Blood Flow 

16 

b) Coronary Circulation in Different 18 
Phases of Oardiao Cycle 

o) Venous Drainage 19 

d) Regulation of Coronary Flow 21 

Pathologioal Consideration 

a) Prinoiple underlying the 
different surgioal procedure 
praotioed at present 

25 

29 

I) Beok I 29 

II) Internal mammary implantation 34 

III) Bilateral Internal :mammary liga.tion 39 

rr) Cardiopneumopexy 41 

V) Synthetio gratt implantation 45 
from aorta into 1eft ventricular 
myooardium. 



(iv) 

~ 

b) Brier review or operations 47 
undergoDe in experimental or 
olinioal trial 

I) Beok II 47 

II) Muscle gratt 48 

III) Omental and Jejunal gre.tt 49 

IV) Cardioatathorrhaphy 50 

V) Direot Coronary suture anasto:mosis 51 

VI) Endartereotomy 52 

CHA.PTER VI The Experimental Problem 63 

CHAPTER VII a) Brier review or Coronary 56 
Insuttioienoy in Experimental 
.Animale 

b) Technique ot .Ameroid Ca. sein 68 
Plastic in producing Corona.ry 
Inauf'tioienoy 

CHAPI'ER VIII Materia.ls and Methode 68 

a) The Experimental Animal 68 

b) Operative Technique tor different 70 
Surgioal Procedures 

c) Post...Jlortem Examina.tion 78 

d) Schlesinger Injection Teohniqu. 78 

CHAPTER IX Coronary Arteriogram 81 
Its application for visualisation 
or extraoardial vessels used in 
~cardial revascularisation 

CHAPTER X S'UJIIII&rY of Protoool 87 



(v) 

~ 

SECTION I 

Series A. Control 87 

Series B. Beok I ieries 96 

Series c. Internal Mammary Implant 106 
and Coronary Sinus 
Constriot1on Series 

Series D. Cardiopbeumopexy 117 

Se:hles E. Internal Mammary Ligation 131 

Series F. Ivalon Tube Implant 124 

SECTION II 

Experi:œnt I. Normal Arteriogram 133 

Experiment II • .A.rteriogram in 135 
different Surgioal 
Prooedures 

CHAPTER XI Summary of Result 148 

CHAPTER XII Discussion 156 

CHAPTER XIII Summary and Conolusion 171 

B IBLIOGRAPHY 175 



PLATE NO. 1 

PLATE NO. 2 

PLATE NO. 3 

PLATE NO. 4 

PLATE NO. 5 

PLATE NO. 6 

PLATE NO. 7 

PLATE NO. 8 

PLATE NO. 9 

PLATE NO. 10 

PLATE NO. 11 

PLATE NO. 12 

PLATE NO. 13 

(vi) 

TABLE OF lLLUSTRAT IONS 

Diagram of Coronary Circulation 

Pbotograph of Ameroid in stainless 
steel jaoket. 

Pbotomiorograph of the anterior 
desoending branoh proximal to ameroid. 
Dog No. 119 

Photomiorograph of the anterior 
desoending branoh within the ameroid. 
Dog No. 119 

Photomiorograph of section through 
oircumflex branoh within the ameroid. 
Dog No. 119 

Photomicrograph of section of the 
anterior desoending distal to the 
ameroid. Dog No. 119 

Photomiorograph of section through 
the left ventriolè•; I.v. septum and 
right ventriole. 

Photograph of Ivalon tube implantation. 

Photomiorograph of section through 
the anterior descending within thl 
ameroid. Dog No. 153 

Photomiorograph of section through 
the oiroumtlex branoh within thB 
ameroid. Dog No. 163 

X-Ray demonstration of ooronary 
anastom.osis. Dog No. 153 

~y demonstration of interooronary 
anastomosis. Dog No. 153 

X-Ray demonstration of interoororiary 
a.nastomosis in an unro11ed heart. 
Dog No. 153 

Page 

16 

59 

63 

64 

65 

66 

67 

77 

88 

89 

90 

91 

92 



PLATE NO. 14 

PLA.TE NO. 15 

PLATE NO. 16 

PLATE NO. 17 

PLATE NO • 18 

PLATE NO. 19 

PLATE NO • 2 0 

PLA.TE NO. 21 

PLAXE NO. 22 

PLATE NO. !3 

PLATE NO. 24 

PLATE NO. 25 

(vii) 

X-Ray demonstration of interooronary 
anastomosis. Dog No. 313 

Photomiorograph of section through 
the anterior desoending branoh. 
Dog No. 307 

Photomiorograph of section through 
the oiroum:f'lu within the ameroid. 
Dog No. 307 

~y demonstration of inter and 
homocoronary anastomosis. 
Dog No. 307 

X-Ray demonstration of interooronary 
ana.stomosis. Dog No. 307 

X-Ray demonstration of arter1o1ar 
oommunioations through the interna! 
mamme.ry implant. Dog No. 168 

~y demonstration of the filling 
ot ooronary arterial system through 
the implant. Do g No • 168 

Photograph of extraoardiao branohes 
from interna1 mammary artery implant. 
Dog No. 151 

Photomiorograph through the anterior 
desoending within the ameroid. 
Dog No. 151 

Photomiorograph through the oircumflex 
branch within the ameroid. 
Dog No. 151 

~y demonstration of the 
communications from the left internal 
ma.uma.ry implant. Dog No. 151 

Photomiorograph of section through 
the junction area between the lingula 
and left ventricular muscle. 
Dog No. 126 

!!2 
97 

102 

103 

104 

106 

108 

109 

111 

112 

113 

114 

121 



PLATE NO • 2.6 

PLATE NO. 27 

PLATE NO. 28 

PLATE NO. 29 

PLATE NO. 30 

PLATE NO. 31 

PLATE NO. 32 

PLATE NO. 33 

PLATE NO. 34 

PLATE NO. 35 

PLATE NO. 36 

PLATE NO. 37 

PLATE NO. 38 

PLATE NO. 39 

PLATE NO. 40 

(viii) 

~y demonstration of any 
oommunioation between heart and 
1ung. Dog No. 120 

~y demonstration of interooronary 
anastomo sis in oardiopneumopexy. 
Dog No. 350 

X-Ray demonstration of patenoy of 
Ivalon tub• with communications. 
Dog No. 94 

Photomicrograph of Ivalon tube through 
the JIIYOO&rdial tunnel. Dog No. 160 

Miorophotograph of section through 
the myooardium around the Ivalon tube 
implant. Dog No. 160 

Coronary arteriogram in normal heart 
of dog. 

Another photograph of ooronary 
arteriogra.m in normal dog' s heart. 

Coronary arteriogram. in a dog wi th 
ooronary insuffioienoy produoed by 
vaselinised ameroids. Dog No. 153 

Extraooronary angiogram in Beok I 
operation. Dog No. 313 

Photograph of utraooronary arteriogram 
through the lef't internal mammary 
artery implantation. Dog No. 151 

Continuation of' plate No. 35. 
Visualisation of f'law of dye to 
different branches of ooronary arterial 
system. Do g No. 151 

Continuation of plate No. 36. 

Continuation of plate No. 37, snaws 
dye f'lowing out into venous system. 
Dog No. 151 

Continuation of plate No. 38, Dye in the 
ooronary sinus. Do g No. 151 

Continuation of' plate No. 39. Dye is 
clearing away from ooronary arterial 
oiroulation. 

PAGE -
122 

12.3 

128 

129 

130 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 



TABLE I 

TABLE II 

TABLE III 

TABLE TV 

TABLE V 

(lX) 

INDEX OF TABLES 

Normal Control dogs with vaseline 
treated ameroids - Series A. 

Beek I operation - Series B. 

Left Internal mammary implant and 
coronary sinus constrictors -
Series C. 

Cardiopneumopexy operation - Series D. 

Cardio-aortio Ivalon tube implant 
operation - Series E. 

Page 

143 

144 

145 

146 

147 



CHAPTER I 

INTRODUCTION 

During the past thirty years the report 

concerning coronary heart disease have increased almost 

geometrically. We are still far from solving the prob

lems of this serious disease as ie evideneed by the 

continuous flood of papers. 

The greatest advance has been on the diag

nostic front of ~ocardial infarction and its allied 

picture of coronary insufficieney. Practically all the 

schools of the world have contributed in the clinical 

study. The names of Parkinson, Bedford in England, 

Barnes, Whitten, Woolfirth, Wood, White, Levine, Wright, 

Levy, Master in the U.S.A. are closely associated with 

this work. 

It is estimated that four to eight million 

people in the United States U1l'·· ti'f.li.e~ted with some form 

of heart disease. Deaths per annum from this cause is 

more than twice those due to cancer. Metropolitan Life 

figures show a death rate of 78.2 per 100,000 population. 

The incidence is higher in males than females. 
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It is difficult to get the accurate figure 

from the incidence of coronary disease from the figures 

for heart disease in general as there is much overlap. 

It is reported the incidence of coronary involvement is 

from 22 to 54 percent depending on clinical or necropsy 

diagnosis (Master - 1942, J. Mt.Sinai Hospital). 

The poor prognosis of coronary artery insuff

iciency bas been emphasized by Parker and his associates 

in the Journal of the American Medical Association in 

1946, Where they reported a series of more than three 

thousand cases with angina pectoris, none of whom· eur

vived more than !ive years. 

In another series, Katz and his associates 

reported 25 percent of their patients dead in two months, 

50 percent in one year, and 75 percent in three years 

(Arch. !nt. Med., 84:1949). 

Medicine has had little to offer to those who 

are struck with coronary artery disease. Obviously, in 

light of the severity of the disease, intensive efforts 

to develop a technique for the revascularization of the 

ischaemic heart were tried in different centers. Now it 

is possible to augment the deficient coronary circulation 

2. 



by several surgical procedures, none of which is widely 

accepted. 

The present study will attempt experimentally 

to evaluate the few surgical procedures proposed for the 

treatment of coronar.y artery disease using animals with 

coronary insufficiency mechanically induced by casein 

plastic called Ameroid. 



CHAPTER II 

ANA TOMICAL CONSIDERATION 

A. Arterial. Blood Supply of Myocardium.:-

Brief review of the coronary arterial system will 

be described as there has not been any contribution besides 

what is known (85, 91, 98, 99, 178, 180, 105) • . Myocardium 

is supplied by two coronary arteries, the right and the 

left. The left arises from the left anterior sinus of val

salva and about two millimeters from its osteum divides 

under cover of the left auricular appendage into left cir

cumflex and anterior descending branch. The anterior de

scending branch which is more important runs downwards in 

the interventricular groove passing around the apex and 

appears in the posterior interventricular furrow in its 

lower third. Numerous branches run to both sides through

out its course. The septal branch arises near its origin 

or from the main trunk close to its bifurcation. The 

septal branch supplies the ~nterior third of the inter

ventricular septum anastomosing with terminal branches of 

the septal portion of the posterior descending branch of 

right coronary artery (99). In our experimental animals 

this branch arises from main trunk or either of its bifur

cations at their origin (30). Reference will be made re-



garding them in our experimenta. The oiroumf'lex branoh 

appears lateral to auricular appendage. runa in the atrio

ventrioular groove to the left ending in the po aterior 

descending branoh. It supplies the musculature of the 

upper portion of the right Tentriole. One of the oommon 

variations. is the separate origin or oiroumtlex and an

terior desoending branoh tram the aorta. 

The right ooronary artery arises just belo1r the 

right anterior ouap of the aortic valve and travels to 

the right emerging between the root of the pulmonary 

artery am aorta. It descends in the right atrio

ventricular sulcus where it descends vertioally about 

two thirds or the way. On the posterior surface it gives 

several branches on its oourse to telae adiposae. right 

auriole and right ventriole. A SD&ll constant branch 

crosses the root of the pulmonary artery and anastomoses 

w1 th a similar branch of lei't ooronary artery. There are 

more tha.n three branches whioh descend on the surtaoe ot 

the right ventricle.tbe largest and lateral branch runa 

over the posterior surface of the right ventricle to reach 

the interventrioular sulous. The ter.minal part arborize• 

into posterior desoending branoh àlong the interventricular 

sulcus to ~ly the lower third or the posterior surface 

ot ventriole. Deeper branch of the terminal part supply 

s. 



the posterior part of interventrioular septum. So rigbt 

ooronary artery supplies the entire right ven·t;ricle 

except the left third of anterior wall, posterior third 

of the interventricular septum md the inferior right 

half of the posterior wall of the left ventricle. 

The branches of the main coronary arteries de-

scend superficially in the general direction of the apex 

and the•• give DzyOCardial branches running at right angles 

up to endocardium wbere they change their course to make a 

rich arteriolar anastomosis. This vascular bed surrounds 

the muscle bundles arborizing into oapillaries which surr

ound the individual fibres as a plexus (169, 182, 219, 218). 

The l'YJDPh channels arise from the boundaries of these cap

illary plexuses, from where they drain into a subepicardial. 

network of lymphatics. At the veoous enda, the capillariea 

converge to i'orm a sma.ll venule 'lib ich may drain into larger 

vein draining into coronary sinus or occasionally drain 

direotly into the ohamber of the heart. Buman hearts are 

divided into three oommon variations as classified by 

Schlesinger by injection studies. In group 1- fifty per 

cent are right coronary artery pro dominance; group II -

has a balance circulation between two arteries; group III -

with left ooronary artery perponderance. Group III is 1m.-

6. 



portant since coronar,y arterial insufficiency is most1y 

due to patho1ogy in the 1eft coronary branches. Group 

II is 1east affected (179, 178). 

B. Coronarr Venous System:- (85, 91, 98, 99, 95) 

The venous drainage of the myocardium is carried 

out by two systems. 1. Superficia1 and 2. Deep. 

1. Superficial or subepicardial system c1ose1y fo11ow 

the distribution of coronar,y arteries and em.pties in a 

short but wi.de venous trunk :.lying in the 1ower part of 

the atrio-ventricular groove between the 1eft atrium and 

1eft ventric1e which is covered superficial1y by some 

muscular fibres of the atrium. This is cal1ed coronary 

sinus which empties in the 1ower and posterior part of the 

right atrium between the opening of the inferior vena cava 

and right atrio-ventricular orifice. In the r.i.ght heart 

the small venous branches merge to form the anterior car

diac veins, a 1esser of the superficial venous system. 

They end direct1y in the right atrium. 

1. A deeper system of vein which communicates direct1y 

with the heart chambers. 

Tributaries of coronary sinus -1, great 2.middle 

and sma11 cardiac veins. The anterior portion of the vent-

7. 



ricle is drained by great cardiac vein which begins at 

the apex of the heart ard runs beside the anterior de

scending branch of the coronary artery and then follows 

the circumflex branch in auriculo-ventricular sulcus 

around the left border of the heart. It empties into 

coronary sinus while in the sulcus. 

The middle cardiac vein also starts at the apex 

of the heart and runs backwards in the inferior inter

ventricular groove and ends in the coronary sinus. It 

receives branches from both ventricles. The small cardiac 

veins run along the lower border of the heart and join 

middle cardiac vein just bef ore i t empties into coronary 

sinus. It is to be noted that the coronary venous system 

is deprived of any valves and the rudimentary condition 

of the valve which in lower animals guards the opening of 

coronary sinus. 

C. Conunurûcations of the Coronary System:-

There are three types of communications with the 

coronary arteries: 1) intercoronary, 2) extracardiac, 3) 

direct communication with chambers of the heart. Present 

day surgical procedures for coronary artery i nsufficiency 

are based on extensive anatomie and physiologie study of 

these three types of communications with coronary arteries. 

There is no longer any controversy that anastomoses 

-------------------·--- --- ··- ----
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exist between the branches of an individual coronary 

artery as w ell as between branches fr cm both arteries 

(114, 166, 165, 179, 219). Gross (1921 ) in his excell-

ent monograph has shown the existence of many intercor-

onary anastomoses and they increase with age (99). They 

~re mostly marked at the junctional area supplied by 

both arteries. The luminal diameter of 20 to 350 micrac 

and length ranging from 1 or 2 cm to 4-5 cm are found in 

human hearts. These are two types called homocoronary 
,1 

or intercoronary. The homocoronary communications are 

found everywhere except in the immediate subepicardial 

layers. Intercoronary anastomoses are formed in the 

areas supplied by both coronaries. These are corkscrew 

in shape. These homocoronary and irrtercoronaries are 

significantly increased in coronary obstruction (41). 

While in normal human hearts it does not appear to play 

any role in supplying blood to myocardium. Its response 

depends on the pressure differential and relative myo-

cardial ischaemia. By back flow technique i t has be en 

shown that gradual occlusion of a vessel is followed by 

increase of 1 cc to 30 cc per minute wi thin a period of 

30 days. Although these communications are very small, 

they are capable of allowlng some blood into myocardium. 

These type of coll ateral circulation ~ich is formed in 

9. 



various pathologie syndrome can be interpreted as the 

result of hypertrophie evolution of the collateral vessels 

existing in every human heart. (Blumgart 1940) In normal 

human heart intercoronary anastomoses larger than 40 micra 

in diameter are not found and anastomotic communication 

less than 40 micra are of little significance. Age has no 

relation and it develops after gradual coronary occlusion 

'When am where it is needed. Blumgart believes these 

vessels will not protect against infarction although they 

will allow sorne blood into the area and sorne benefits (30, 

48). 

Printzmetal found the largest interooronary artery 

communication range from 70-80 micra by injection of grad

uated glass spheres and radio active cells (166). In their 

view, the diameter of intercoronaries does not appear to 

increase with age. 

D. Extra Cardiac Communication:;... (141) 

In 1880 Langer showed anastomoses between the cor

onary arteries and of the pericardium through which commun

ication exist with branches of intemal :mammary artery. He 

also showed connections between the coronary and branchial 

artery by means of vasa vasorum of the pulmonary artery. 

1803 Van Haller described the extracardiac anastomoses in the 
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form of potential and actual communication with the 

surrounding structures, corroborated in 1S80 by Langer 

(216). 

Hudson by injection studies deomonstrated communications 

between the auricular and coronary branches to the peri

cardial fat, with pericardiacophenic, anterior mediastinal 

branches of internal mammary artery and branchial artery. 

These anastomosœs take place around the root of the 1) 

aorta, 2) pulmonary artery and veins, 3) around the ostia 

of the sup and inferior venacava, and 4) intervascular 

pericardial reflection. This anatomie evidence has been 

made use for revasculariSAtion procedures by many groups 

and. our series of experimenta wi th findings "Will be des

cribed later (114, 4S, 147, 102). 

Direct Communications with the Chambers of the Heart (220, 

39' 36). 

Vieussens in 1706 first discovered the Thebesian 

system and was reported in 170S by Thebesius whose name 

they bear. By injection and digestion study two types of 

communication were found between coronary arteries and 

chambers of the heart. 

1) Arterioluminal (2 to 1 mm diameter) starting as an arter

iole but leses its arteriolar structure before opening into 

11. 



lumen of the heart. 

2.) Arteriosinusoidal - These are more numerous and they 

loose their arteriolar structure much deepèr in the myo

cardium breaking up into large irregular channels lying 

between the muscle bundles and at times between individual 

muscle fibres. These are also called "rnyocardial sinusoids" 

playing a role in the nourishment of the heart. These are 

50 to 250 micra in diameter and anastomose freely with one 

another. Thebesian veins are more numerous in the right 

ventricle than in the left (B6, 222, 219). 

These above facts were also used in attempts to re

vascularize by Vineberg and Goldman. Recently Massimo success

fully tapped the left ventricle with polyethylene T tubes in 

supplying blood to the left ventricular myocardium on animals 

(145). 

E. Lymphatics of the Heart (173. 161, 66) 

There has been much less work towards the anatomy and 

physiology of the cardiac lymphatics. In 1653 Rudbeck first 

described the lymphatic vessels of the heart followed by 

Aagaaro in 1924 and Patek in 1939. 

In dogs subepicardial lymphatics consist of capillaries 

and drainage vessels which form a continuous plexus covering the 

whole of each ventricle. The large capillaries recei ve afferents 
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from the myocardial plexus and converge to form drainage 

vessels which gener~ly accompany the blood vessels. These 

drainage vessels at last unite to forma single trunk \ohich 

drains the entire heart. This trunk leaves the heart by 

passing on to the anterior surface of the pulmonary artery. 

Drinker and others also maintain this view but recently 

Allison and Sabiston showed multiple lymphatic channels in 

the mediastinum by injection studies (6). 

Myocardium possesses lymphatic capillaries three 

times the diameter of myocardial blood capillaries. There 

are no collecting trunks in the myocardiurn and most of them 

pass directly into the subepicardial capillaries. Few only 

may empty into the small subepicardial drainage vessels. 

Subendocardial and endocardial lymphatic plexuses 

are mai nly capillaries lying in a single plane parallel to 

the surface of the endocardium. They conrrnunicate with mye

cardial plexus by means of short capillaries which pass dir

ectly into the myocardium. Ther e ar e no lymphatics in atrio

vent ri cul ar val v es. 

The normal f low of lymph from the heart is explained 

by the pressure pr oduced during systole and diastole. During 

diastole lymph is driven from subendocardial lyrnphatics to 

myocardi al plexus and during systole the lymph from the myo-

13. 



cardial plexus forces into the subepicardial lymphatics. 

Towards the end of the diastole the pressure of the di

lated heart against the pericardium probably drives the 

glood from the subepicardial lymphatics into the nŒdn 

lymphatic trunk. There are mahy problems of interest in 

cardiac lymphatics with reference to coronary arterial in

sufficiency and the absortion of fluid in pericarditis, 

but ve~ little work has been done with regard to them •. 

There is a possibility the lymphatics of heart might 

play a role in different surgical procedures for coronary 

artery insufficiency. 

"· 
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m-yocardtal circulation 

lumczn. 

PLATE NO. 1 

Diagram showing relationship of ooronary arteria1 and venous 

circulation with the myooardial sinusoids and ventrioular 

lumen. 



CBAPTER III 

PBYSIOLOGY OF THE CORONARY CIRCULATION 

Ya.in blood supply to the myooardium is by both 

right and left ooronary arteries. Blood entering the 

ooronary arteries have a possible exit through the 

following routes: 

1) Extraoardiao anastomosis. 

2) By way of coronary sinus and anterior oardiac veina. 

3) Througb. arterio luminal and arterio sinusoidal 
vessels into the chambers of the heart. ~34) 

There is a great difference of opinion regarding 

their importance in normal conditions but these different 

systems oan develop extensively to serve the nutrition of 

16. 

myooardium when the l'Ulllsn of the ooronary vessel is gradually 

reduoed. Our experimente make it questionable, however, 

whether they oan oompensate suffioiently to maintain 

normal action ~thin the graduel ooolusive period by our 

methode 

A. Coronary 8irculation 

The oiroulation in the ooronary system is very rapid 

as it talees eight seconds tor a R.B.c. to pass through 

oompletely in its shortest course (34). Under normal 

conditions, four to five percent of total oardiao output goes 



to the ooronaries. The output of a normal human heart 

at rest is between three to four and a half litres per 

minute and thirty-seven litres during severe exeroise. 

The average huma.n heart consumes 250 oo. of o:z:ygen per 

minute during strenuous exeroise when the ooronary 

circulation bas increased three-told reaohing up to two 

litres per minute (112, 34). 

The fraction of total oardiao output passing 

through the oorona.ry arteries varies inversely wi th 

total output; the proportion is about five per cent, 

whioh may rise to nine percent in low output (91). 

Besides the ooronary vessels, the heart oan 

17. 

obtain some metabolites from the sinusoida.l vessels, lymph-

atics and the extraooronary anastomosis around the base 

of the heart (163). 

By various methode of flow study, it bas been 

tound that the corona.ry blood flow is about 50 to 75 cc. 

per minute per gram of muscle. (91, 74, 94, 61, 70) In 

dogs the left corona.ry distributes about 80 percent ot the 

total oorona.ry blood and the right only 20 percent (3, 4). 

On a peroentage basis anterior descending 30 percent and 

oircumf'le:z: about 50 percent. Further, 70 percent of blood 

distributed by lett ooronary artery and 40 percent of that 

distributed by the right coronary artery return via the 

ooronacy sinus (89,225). This was also oontirmed by Gregg 
(4, 95). 



B. Coronary Circulation in Different Phases of Cardiao 
Cycle. 

In 1689 Soaramucoi enunoiated that the arteries 

supplying the myooardium are filled during diastole and 

emptied during systole by musoular contraction (177). But 

Jnrup and otbers proved the above hypothesis by showing 

experimentally greatly deoreased ooronary intlow or 
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complete stoppage during systole and inorease during diastole 

(1, 69, 91). But a slight retrograde flow from deep to 

superfioial cardiao vessels is atill found in vigorous 

contraction (1, 2). 

lleasurement of ooronary flow by Green and Gresg 

Bhowed that a definite forward flow oooura at all times 

tbroughout the oyole although it is reduced during systole 

(87, 93). Coronary artery p:- essure never reaohes as high 

as aortio pressure (226). By constant pressure flow meter 

at low perfusion pressure Gregg ahowed that the potential 

inflow is reduoed from the aorta during isometrio contraction 

and early ejection by forcing baOk blood from the deep lying 

compressed vessels into large proximal arteries (91). These 

proximal vessels distend 1ld. th ri se of aortio pressure 

reaching its maximum at the end or systole and alightly 

atter due to inertia of the moving oolumn of blood. The 

myocardial vessels are released rapidly during iaoonetrio 



relaxation and early diastole oausing a greater inflow. 

When the aortio pressure falls, the total rate of 1nflow 

drops below the intramural flow beoause of the slow 

reduction of expansion of the superficiel ooronary vessels. 

Both the effeots are minimal at the end of diastole. lllggers 

also arrived at the same oonolusion (89, 221)(151). 

C. Venous Drainage. 

Throug!l Coroœry Sinus - This is the major venous drainage 

system of the left ooronary artery a.nd sixty percent of the 

total circulation is delivered through this way (146). The 

outflow varies in changing aortio pressure and with elevation 

of right ventricular pressure. Gregg, however, does not 

beltêve that in inoreased right ventrioular pressure the 

thebesian vessels drain into coronary sinus instead of into 

the right ventrioular oavity as in nor.mal physiologioal 

condition. Most ot the venous drainage from the right heart 

is through the a.nterior cardiac vein into the right auric le. 

(91, 201, 95) 

The outflcw of ooronary sinus oocurs during the 

ventrioular ejection phase and very slightly during the 

latter balt of aurioular systole. This is produced by 

mechanical squeezing of the vessels by myooardium. After 
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the ventricular ejection the flow falls markedly due to 

emp~g. Role of ooronary sinus conatriotion in ooronary 

insufficienoy is later disoussed in our experimenta. (801 90,18). 
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With the heart beating in sit~, acute obstruction 

of ooronary sinus produces congestion of left ventricle but 

not right ventricle o"L atrium. Al though the pressure in 

the coronary sinus may be equal to aortio systolic, still the 

flow in the major coronary artery branches is not reduced to 

any signifioant effeot. Pressure in the right atrium is 

approximately ~ Dlll• Hg., in ooronary sinus it is 0-5 mm. 

Hg, whereas in great oardiac vein it is 10-15 mme Hg. 

Even with the ligation of the ooronary sinus the 

periphere.l venous pressure returns to normal within thirty 

days. So inoreased right atrial pressure is not likely to 

influence the coronary inflow {201). 

Through .Anterior Cardiao Veina - {90, 94, 120). 

About 50 to 92 percent of right ooronary artery 

inflow drains into the right atri\Dil through anterior cardiao 

vein {91). Only a smaller amount of the loft ooronary is 

drained by this way. .Ana.tomically it drains the region 

supplied by rigbt coronary artery. The drainage of most of 

right ooronary artery through the thebesian venous system is 

questionable on aeoount of non-physiologioal experimental 

procedures. Katz found a considerable right ventricular 

thebesian drainage, whioh is an important element in ooronary 

drainage ( 120) • 



Luminal Vessels. 

It has been shawn that coronary vessels communi

oate ~th atrial and ventricular chambers by thebesi&n 

and luminal vessels (218, 219, 220, 192). In spite of 
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much experimental work, there i s nothing suf'ficiently 

conclusive about the function of these vessels in relation 

to their direction, extent of blood flow, and the funotional 

value in ~cardial ischaemia due to critioal objection 

to the pitfalls of experimental methode (91). But many 

people believe that this system drains about 40 percent ot 

venous blood. (a) 

D. Regulation of Corona.ry Flow. 

A very brief review of regulation of coronary flow 

will be described as there is still much confusion existing 

regarding the dominant controlling mechanism among the 

researoh workers (91, ,32, 74). 

Important factors regulating the circulation of 

coronary arterial system is both physical and ohemical. The 

flow varies directly with the aize of the vascular bed and 

the pressure, but it varies inversely with resistance, the 

baok pressure at the end ot the system and viscosity of blood. 

Resistance ot the vasoular bed is round mostly in arterioles 

or vessels of one millimeter or smaller diameter, which oan 

alter only by passive compression, active vasomotor changes 
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and pressure within the vesse1 (91). 

By using various methode Gregg (91) oou1d oot 

find any relationship between aortio pressure &Bd ooronary 

flow in the beating heart in situ although other iuvestigators 

were able to vary systo1io and diastolio pressure with mean 

aortio pressure as a factor determining the ooronary flow. 

Clinioally these factors are independant. Anrup and his 

assooiates were able to vary systolio and diastolio pressures 

wide1y without arrecting the ooronary flow provided the 

mean pressure remained constant. So the mean aortio pressure 

is sean to be main controlling agent or the coronary blood 

flow (2, 3). The most important factors in changes in flow are: 

1) the pressure relationship between coronary artery and vein; 

2) various oardiao reflexes; 

3) change in oardiac output; 

4) oardiac rate, blood metabolites and ions (91, 94, 116). 

The e1asticity of large ooronary arteries are an 

important factor in considering the relation of aortio pressure 

to ooronary flow. This elasticity 110uld allow the arteriee 

to tunotion as reservoir whioh is lest in atherosolerosis. 

Consequently there will be a sœaller flow at the same pressure, 

so rise of blood pressure in arteriosolerosis or aortio 

insutfioiency is of some value for blood supply to the myooardium 

(91). 



E. Innervation ot Coronaries. 

The intrinsio smooth musole of the ooronary 

vessels may oontraot and relax by the action ~t oardiao 

nerves altering the ooronary flow aooordingly. The 

inhibitor and oonstriotor fibres are predominant in the 

vague while dilator and aotivator fibres are in the sym

pathetio nerves. It is very ditfioult to establiSh the 

separate effeot of nervous influences upon the DcyOOardium 

and ooronary vessels beoause of the intimate physiologioal 

funotion of these structures (39, 41). 

Important vasomotor reflexes adapt the ooronary 

flow to inorease work of the heart. Such reflexes 

originate in the heart and great vessele produoing ooronary 

dilatation. This has been thought due to vague inhibition. 

Anrup and Segal proved this by vagotomy then stellate 

ganglioneotomy. They thought their 8%periments demonstrated 

vasooonstriotor fibres to the ooronary in vagua and 

vasodilator in sympathetio (4). 

F. O!ygen La.ok and Carbon Dioxide E:xoess. 
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There is inorease of flow in anoxia due to deoreaaed 

ooronary resistance (226, 91). The flow inoreases up to 200 

percent and an oxygen saturation below the 20 percent level 

produoes :ma.ximum dilatation. High carbon dioxide and laotio aoid 



levela do 110t produoe the dilatory ef'fect in the 

presence of' normal oxygen concentration. In most of 

the anginal cases this factor proba.bly playa ài:Nle in 

inoreasing the blood supply by accumulation of' metabolites. 

(91) 
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CHAPTER IV 

PATBOLOGY 

Na.rrow.l.ng of the ooronary a.rteries is m.ainly 

due to arteriosolerosis. This may be looalized to the 

ooronary arterial system or a generalized prooess 

involving all of the arteries of the body in appro:ximately 

equal degree. Coronary occlusion. myooa.rdial infarction. 

angina pectoris and aoute ooronary insufficienoy are all 

essentially manifestations of the same underlying prooess 

of arteriosolerosis involving the ooronary a.rteries. It 
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is the latter group wbioh is amenable to surgioal treatment 

and better olinioal result. Coronary arteriosolerosis is 

essentially an occlusive prooess of the large and medium 

sized coronary ~te~iee due to progressive subintimal 

thickening and is invariably limited to the visible epi

cardial ooronary vessels. The ama.ll branches wi thout muscle 

coat a are generally spared (lBOa). Thus there are 

possibilities for the development of an adequate collateral 

blood supply through these smaller branches (63• 75). 

Subintimal thickening may progress to another stage 

when plaques of subintimal deposition of cholesterol or of 

aotual ulceration predisposing to thrombus formation with 

complete obliteration of the lumen may ooour. At the same 



ttme, the media adjoining the cholesterol depoait may 

undergo degeneration (!26). 

~orosoopioally the internal struoture may be 

aeriously deranged or it m&y be greatly thiokened and 

hard. Mioroaoopioally the changes are limited chiefly 

to the subintimal and intimal layera where any combination 

of neorosis, bae.morrhage, ulceration, caloitioation or 

oonneotive tissue preoliteration may be seen. Meàial 

solerosis aleo may iuvolve theae vessels and reduoe or 

obliterate their lumina (175). 

The anterior desoending branoh of the left 

ooronary artery is the most involved due to aolerotic 

changes. It oocurs in the proximal three oentimeters. 

The site of the resulting infarot is in the anterior wall 

of the left ventriole and the anterior inferior part of the 

interventrioular septum (179). 

The most common complication is mural thrombus 

rather than perioarditis whioh e:r.plaina the taot that the 

infarotion ocours more markedly towards the endooardial 

surface (118). The solerotio prooess also deoreaaes as one 

travels distally down the artery. 

It has been round that the patients auffering 

primarily from angina showed complete blookage of at leaat 

one major artery. The more prolonged cases showed diffuse myocardial 



fibrosis. Arter intarction has ooourred there can be 

little change in the size of the infaroted area even by 

the introduction of a quantity of oxygenated blood from 

a.n extra oardiao source. The isohaemio fringe area 

where the blood supply bas not been oompromised completely 

oan be improved by this type of procedure, and angina 

ameliorated. The development of collateral circulation 

between the various segments of the coronary arterial 

system is unprediotable due to the marked variation in the 

vasoular pattern in different individuals. Moreover, this 

newly developed collateral circulation cannet signifioantly 

inorease the total &mount of blood available for myooardial 

metabolism and nutrition if there is diminution of coronary 

supply in appreciable amount. 

Wheh there is aoute occlusion Whioh follows 

sud4enly after gradual deorease of the lumen of aa artery, 

the ischaemia may promote the development of sufficient 

collaterale to avoid infarotion entirely, as bas been seen 

in some human specimens (531 76). 

The presence of a moderate degree of isohaemia does 

play an important role in the promotion of an anastomosie; 

this has been shown in human and animal experimenta using 

arterial implants. This is probably on the basis of pressure 

difference in the myooardial zone in need of more blood (65). 
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CHAPTER V 

I. Prinoiple underlying the different surgioal procedures 
praotioed at present. 

A. Beek I Operation. 

This operation consista ot the following 

oomponents: 

1) The meohanioal abrasion or the epicardium and the 

inner surface or the tibrous per1oardium with a 

speoially designed burr. 

2) Application or an intl.amnatory agent like .2 gm. or 

powdered asbestos to the surface ot the heart. 

3) Partial li~tion of' the ooronary sinus near its 

ostium into the right auriole by 3 mm. 

4) Application of tissue gratt, i.e., the abraded peri-

oardium and vascular mediastinal fat to the surface of 

the heart. 

Above steps or operation have been developed by 

Dr. Beok after years or experimenta on thousands or doge 

(13, 14, 17, 21, 23, 25, 24, 27, 28). 

The first step of meohanioal abrasion produces 

mild intlammatory reaction Whioh leads to the growth of' 

interooronary arterial communications and removes the 

barrier for extra myooardial anastomo sis. Stan ton and Beek 

in 1941 dem.onstrated that. this produoes an effective stimulue 
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to the development of interooronary ohannels (191, 12, 31). 

They reduoed the mortality from 70 to 38 percent by this 

one step of' operation. Beek also smwed that there is 

objective evidence of' extracardiao circulation when the 

epioardium is removed (13). 

Powdered as be sto s act s as an inf'la.mmatory agent 

and stimulates intercoronary anastomosis (13). Beek and 

group showed .2 gm. of' asbestos powder produoed a more 

favourable reaction. But Thomson still uses talcum powder 

and states it to be the perfeot irritant. Be is sti11 

continuing the operation of oardioperioardiopexy as he 

advoo&tes it to be muoh sa.fer procedure with a sa.tisfaotory 

result (198, 199, 153, 67). 

Gratting of the mediastinal fat pad is for the 

possible growth of extra coronary communication from the 

branches of internal mamma.ry supp1ying the mediastinum and 

perioardial fat pad. This was suggested by Moritz and 

Hudson by demonstrating aœ.stomotio vasoular ohanne1s in 

adhesions between the heart and perioardium.. It wa.s 1ater 

oonfir.med by Tiohy and MOritz (141, 14). 

In 1934 Robertson in his attempt to liga.te in 

stages the main venous ohannels and arteries of the heart, 

observed muoh haemorrhage when adhesions were separated 
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and the underlying heart beoame cyanotio. He oonoluded 

that the "myooardial nutrition distinotly depends upon 

vessels oontained in the adhesions.• There was no 

oontrolled statistioal data as regards this conclusion 

based on his opinion. 

Partial ligation of coronary sinus provides 

for greater extraction of oxygen from blood in the 

oapillary bed and stimulation of interooronary communication. 

Ligation of coronary sinus as a treatment for ooronary 

artery insuffioienoy was first done by Gross in l93i, and he 

showed that there was no infarction or reduction in the 

aize of the intarot when the left anterior descending branoh 

was ligated. There was also an inorease in the nutrition 

of the myooardium one week after the experimental procedure. 

In 1937 they also reported that the oocasional disappearanoe 

of anginal pain during an attack of right sided heart 

failure was due to an increased tenaion in the ooronary 

sinus and possible back flow through it (37, 100, 101, 171, 

172, 82). This was oorroborated by Ungerleider by sbow:i.ng 

that it was possible to ppen suffioient number of oollaterals 

by raising venous pressure to prevent infarotion following 

ooronary artery li gatien (202). Beok and Mako reported the 

reduction of frequenoy and size of infarotion when the sinus 
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was oooluded for more than six day•• Fauteux in 1939 

and 1940, Ripstein in 1948 oarried out a. series of great 

oariiao vein ligation and reported that this operation 

had a proteotive effeot against ooronary artery insuff

ioienoy. They bad seventy percent benefit and one of 

the Fauteux's patient who died atter two and a half 

years sbowed great inorease vasoularity (77, 78, 80,81, 

168). 

Eokstein in his series of experimente showed 

that llben the ooronary sinus pressure is elevated from 

30 mm. Hg. to 90 mm. Hg., the baok flow is inoreased from 

6 to 11.6 oc. per minute and the blood was reduoed to 

oontain but 3.2 volumes of oxygen per lOO oo. whioh is the 

proof of its oapillary passage and provides substantial 

evidence tbat blood flowing through myooardial oapillaries 

does give up oxygen. Baily also states that simple ligation 

of ooronary sinus may be oonsidered as a total revasou

larization procedure although a lesser degree of inter

ooronary overdevelopment is obtained by this (71, 49). 

This step bas been added to the internal mammery implant 

with the hope to inorease the peroentate of benefit to the 

patients. 
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The Beok I operation prevents the meobaniaa death 

which is the main cause in ninety percent of oa.ses. This 

is due to eleotrioa.l insta.bility and nonooordinated meoh&nism 

of heart beat as a result of oxygen differential in the 

muscle at the periphery of the anoxie zone. When the heart 

is unifor.mly anoxie. it exhibits eleotrica.l sta.bility and 

there is no difference in resting electrio potential to 

produce sponta.neous ventricular fibrillation. But 11hen a 

small area of tho myooardium becomes ischaemio it sends 

out impulses which destroy the normal mechanisœ due to 

different electrioal potential. The myooardium beoomes 

convulsive and goes to fibrillation. In severe exeroise 

probably the same thing happens that destroys the oo-ord

inated beat. This ischaemio zone is oalled the "Trigger 

Zone" by Beok (26, 22, 24, 32., 28). 

A sma.ll quantity of blood as even 1 to 5 oc • 

per minute ca.n reduoe the irrita.bility and prevent firing. 

preserve the ' v:!Ability of myooardium. In Beok I operation 

this criteria is fulfilled by development of interooronary 

asastomosis as the importance ot the procedure is the 

uniformity of distribution of available blood and not the 

total a.mount ot ooronary artery inflow. Leigbninger re

ported by baok flow etudies that in Beok I operation it is 



muoh higher in oomparison to the Thomson and Vineberg 

operation (127). As early as three weeks post-operative 

the collateral bed oan be shown by injection studies and 

the anastomosis between cardiao and extra dardiao vasoular 

beds are functional by that time. This is questioned in 

our experimental procedure of gradual myooardial isohaemia 

(32~ 28). Beek reported his good result in 170 cases~ 

wi th 8 percent mortali ty. 

B. Left Interna1 Mammary Artery Implantation and Coronary 
Sinus Constriotion. 

In 1946 Dr. Vineberg reported on the study of 

the left internal mammary implant into the left ventricular 

myocardium. In this laboratory during this last eleven 

years, several hundred experimenta on dogs have proved the 

fo llowing faot s: 

l) When internal mammary artery is plaoed in the left 

ventrioular myooardium it grows arteriolar branches 

whioh anastomoses with the arteriolar branohea or 

the lert ooronary artery. 

2) Blood flow is in the direction of isohaemio myocardium 

suffioient to proteot the heart. Blood oould be 

perfused under constant pressure equal to the mean 

aortio pressure into the coronaryvascular syste.m 
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through the implanted internal mammary artery at 

the rate or 45 oc. per minute. 

3) MOrtality is reduced arter anterior desoending branoh 

of the left coronary artery is ligated. 

4) It has been also ehown that the peroentage or anastom

oses has also increased from forty-six to eighty-nine 

percent for implants in normal to isohaemic heart (44, 

150, 65. 154). 

Atter several rerinements in technique, the 

operative procedure is as follows: It consista of treeing 

the lert internal mammary artery from the chest wall by 

ligating and transeoting the b~anches up to sixth interspace. 

The interna! mammary is divided between two ligatures distal 

to sixttJ interspaoe. The proximal rree end ot the artery ia 

pulled into a tunnel made in the wall of the left ventricle. 

Before it is drawn into the tunnel the sixth intercostal 

and other branches are eut so that blood escapes i'reely 

through i t from the artery into surrounding myocardial 

tunnel. Following this mediastinal, diaphragma.tic and 

phrenio fat pad are rei'leoted and plaoed in direct contact 

with the left ventricular myocardium without interfering 

with the implant. 

By this procedure the blood reaàhes the myooard

ium imm.ediately and within three to four weeks through 
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arteriolar anastomosis. These anastomotio branches have 

all the histologie charaoteristios or vessels. 

In performance of this implant procedure there 

are certain generalized items or technique which were not 

followed by other workers who could not reproduce Dr. Vine

berg' a result. These have been mentioned by him repeatedly 

and will be mentioned here briefly: 

1) The dissection on the internal mammary artery from the 

ohest wall Should be performed with extrema gentleness. 

2) No instrument or ola.mps of any kind should be used 

upon the artery. 

3) There should be no angulation or the artery as it entera 

the tunnel. 

4) There should be an effort made to have the artery under 

the same amount of tension in its new site, as it was 

under its original position on the chest wall. 

5) Myocar4ial tunnel should not be over one inch in length 

and should be plaoed in the middle third or the thiok

ness of the left ventrioular myocardium (54A). 

The concept on whioh this procedure is efficacious 

is simple and based on the present day anatomioal and path

ological etudies of coronary artery disease. The arterio

sclerotio lesions of the ooronary artery are most commonly 
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found in the superfioial epicardial vessels at its origin 

or within the first few millimeters. It ooours only in a 

smaller peroentage in the deeper myooardial vessels which 

have an extremely well marked spongelike vasoular network. 

Implantation of the left interna! mammary artery in this 

rioh spongelike vasoular network when arteriolar anasto~ 

osis ooours supplies blood to the area beyond the site of 

obstruction. These anastomotic ohannels take about five 

months to develop fully to counteract the reverse trigger 

zone of Beok (65). 

Criticism or immediate and delayed thrombus 

formation~ disappearanoe of anastomotic ohannels after 

si% weeks~ intimal proliferation in larger percentage by 

Glen. Baily and group have been rejected due to the failure 

of following the steps and precautions of operation as 

described above (46. 84, 142). Buller showed large 

arteriolar anastomotic branches after eighteen to twenty-

five months on doge' hearts by digestion oast. In 

eighteen month old human hearts. the internal mammary 
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artery has been found patent with large arteriolar anastom

otic branches and no intimal proliferation. Sabiston and 

Blalock reported 92 percent patency and 82 percent anastomoais 

when left common oarotid artery with branches were implanted 

into the left ventricular myooardium. But in man 



unfortunately there is no other artery of greater 

diameter than internal mammarywhich is available 

inside the thorax to be sacrificed. Implantation of homo

gratta in this laboratory and others have already reported 

the high incidence of thrombosis (174, l80B, 82). 

Bellman reported an excellent study on anastom

osis of Vineberg implant by microangiography and concluded 

that the branching is confined to the distal third of the 

implant and the eut branches or soalloped openings in the 

implant are not related in anyway to the branching, which 

they postulate to be from vasavasorum, whioh is questionable. 

Extracardiac branches of the implant never oommunicate with 

ooronary arteries (51). Very fflfl people basides Dr. W'alk:er 

have given a clinical trial for proper evaluation. Vineberg 

and Walker series of 107 cases opera.ted until today report 

seventy-eigbt percent cure arter the procedure. 

Coronary sinus constriotion to 3 mm. diameter has 

been inoluded to evaluate if the. improvement oould be 

increased beyond seventy-six percent by the addition of this 

step to implantation. The technique and steps of the operation 

are the same as described in Beok I. The rationality of its 

application is the same as Beek I operation, i.e., 1) greater 

extraction of oxygen from blood in the oapillary bed; 2) stim-
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ulation of intercoronary communication, whioh doea not 

interfere with development of anastomotio ohannels from 

the implant. 

c. Bilateral Internal Mammary Ligation 

Direct communication between extraoardiao 

branches of ooronary arteries and the pericardial branches 

or the internal mammary e.rtery has been shown to exist 

around the root of the aorta, pulmonary artery and vein, 

round the o stia or the su~ ri or and inferior venaoava and 

intervasoular perioardial reflexions. Widespread anastom

osis between the aurioular and ooronary branches to the perl

cardial fat with perioardiophrenio or internal mammary by 

injection or India ink and bismuth oxyohloride under po&itive 

pressure or 220 mm. for five minutes was shown by Hudson 

and Mcritz in 19152 (114). 

In 1939 Fieschi also described vasoular ohannels 

form the internal manunary artery tbrough its pericardio

phrenio branch into a few periaortic and peripulmonary 

arteria.l rami. It was his hypothesis that the coronary 

arterial bi~oùlation might be favourably influenced by 

creating hypertension and direoting an increased amount of 

blood to the perioardiophrenio to ppen anastomotio channels 

with coronary arteries. 
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In 1955 Battezati injeoted methylene blue 

and India ink into the internal mammary artery in the 

second interspace and found an excellent vascular 

network within the parietal pericardium and on occasions 

the dye was seen in the vascular rami of the myocardium 

and epioardial fat. Similar was the finding in dogs. 

They also reported clinical improvement on human patients 

by this procedure. (40A, 79.A.) Griffin and Glover also found 

slight inorease in blood flow to the myooardium in their 

experimenta, but they find objective evidence lagging 

behind the observed clinical improvement (102, 103). 

This operation is simple and done under local 

anaesthesia. The internal mammary is exposed in the 

second intercostal space and divided between ligatures. 

In my experiment the subcla.via.n and all i ts 

branches, except the internal mammary, has been ligated 

to have the maximum of the hypertensive errect as 

suggested by Dr. Blalock. The results are reported later 

as studied by Schlesinger and India ink injection study. 
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Series E. Ca.rdiopneumonopexy 

Lezius in Germany first described the operation 

of using a lung graft for revascularization of the myo

cardium. His method of oardiopneumopexy consisted of 

painting aoriflavin solution to the myocardium and lower 

middle lobe of the left lung and to suture them together. 

This was oarried out on eighteen dogs, out of whioh two 

died of open pneumothorax (139, 131). 

Carter, Gall and Wadsworth in 1949 thought this 

operation to be simple and praotioal for ooronary insuff

icienoy. In their series of experimenta on fifty-four 

animale there was ninety percent mortality on control dogs 

after ligation of anterior desoending branoh, but one hundred 

percent survival after cardiopneumopexy. They found 

filling of the superfioial vessels in the myooa.rdium by 

injection of ten percent suspension of India ink in blood. 

In thirty days there was early organized reaction with 

formation of small thin-walled blood vessels. In forV,y-

five days there were newly for.med blood vessels, and in 

sixty days there was complete replacement of the epioard-

ium by numerous blood vessel invasion (65). But there are 

several oritioisms of the operation regarding the direction 

and volume of blood flow and degree of oxygeDAtion 'ftioh 
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is not known. Wigger has shown that the direction 

of flow in a given area is proportional to the pressure 

differentiai in that area, and regarding oxygen saturation 

it has been shown that oxygen tension of pulmonary artery 

venous blood is high enough to nourish a starving myocard

ium (55). 

Many authors, however, believe that the main 

benefit of this procedure is from the for.mation of inter

coronary anastomosis. 

Smith has modified the operation by applying 

phenol and powdered asbestos into the myocardium at the 

site of the graft. He also round a higher peroentage of 

protection by the above procedure and reoently he has 

performed the operations on human heart s wi th ooronary 

insuffioiency (189). 

Bloomer and associates have tried to alter the 

pressure relationship by ligating the pulmonary artery 

auppl~ to the living segment employed in revascularisation. 

They have demonstrated well expanded collateral arterial 

circulation at the end of two and a half months end in almost 

all the animals there was a plexus of vessels eaoh exceeding 

a diameter of 50 micron diameter after six months. No data 

on the experimental effeotiveness of this method in the 

prevention of infarotion and mortality consequent to 

experimental coronary insuff'ioienoy was published. These 
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experimente were done on normal animal hearts (48, 49, 

119, 1.22). 

There was a1so retrograde injection of pulmonary 

artery from periphery. In these animals there were inter

ooronary oollaterals as early as fifteen weeks in fifty 

percent of cases. 

!he principle is based on the following faots: 

1) By ligating pulmonary artery it induoes the Branchial 

collateral circulation. 

2) Bronohial artery as a branch of' the aort~ has a higher 

pressure than pulmonary to compensate the pressure differ

entia! in the myocardium. It arises from first to fourth 

aortic intercostal arterie s from each side. Pulmonary 

arterial pressure is approx1mate1y two millimeters of 

mercury whioh oan not revasculari ze an area wi th a per

fusion pressure of at least sixty millimeters of mercury 

higher. 

The Author f'ound this to be a more rational oper

ation among all the modifications of cardiopneumopexy. 

On a series of' ten animals with vaselinized ameroid con

strictors this operation was oarried out to test its effi

oaoy. 

Recently Prudden publiShed on experimental re-
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sults of another modification of oardiopneumopexy. Be 

made a direct end to end subolavian left lower lobe pul

monary artery anastomcsis to produce a high pressure 

oardiopneumopexy on eighteen animale. Although they had 

less complication in the grafted lung in contrast to 

ether types of lung gratt, there was no vascular commun

ications between the ooronary and lobar ciroulatory 

network due to a connective tissue filled barrier between 

the interface of the onlay and the myooardium. But his 

mortali ty was only twenty-one percent in operated animale 

after anterior descending branch ligation (165A). 

Garmella and his assooiates reported about a 

modified form of cardiopneumopexy employing pulmonary 

segm.ental resection. Jbrtality was only 25.9 percent 

in contrast to fifty-five percent in control series, 

but it did not reduce the severity of myooardial in

tarots. Complications like ateleotasis, haamorrhage, and 

fluide in the chest were detinite disadvantages by this 

method (104). 
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SERIES E 

Synthetic graft implantation from aorta 

into left ventricular rnyocardium. 

Smith and his associates reported on the 

nylon prosthetic graft implantation for myocardial re

vascularization on twenty-one dogs and two human pati·ents. 

Anastomosis was proved on animals by injecting Diodrast 

and fluorescein into the graft which reappeared in the 

coronary circulation and later in other parts of the 

body. On x-ray there was pooling of Diodrast at the end 

of the implant. His two clinical cases also improved 

after such a procedure. There is no objective evidence 

of anastomosis and he has postulated that communication 

occurs with myocardial venous system (18~). 

This prampted the author to try prosthetic 

graft implantation in our ameroid treated dogs with cor

onary insufficiency as the Smith and group experimenta 

were done on the normal hearts. Instead of using a nylon 

tube, polyvinyl sponge called Ivalon, made into tubes, 

was chosen. for the purpose due to the following advant

ages over cl.oth grafts: 

1. The absence of inside seam 
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2. The b1ood tight characteristics of the material. 

3. Easy accomplishment of suture anastomosis. 

4. Wide use of po1yviny1 eponge inside the heart 

without untoward effect (149, 191 A). 
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BRIEF REVIEW OF OPERATIONS UNDERGONE 

IN EXPERIMENTAL AND CLINICAL TRIAL 

A. BECK II OPERA 'liON 

After many modifications, Beek devised his oper

ation for myocardial revascularization by arterialization 

of coronary sinus in two stages. At first a jugular vein 

graft is put in between the aorta and coronary sinus (16, 

19, 20, 2S). Subsequently after three weeks the coronary 

sinus is constricted by a ligature. This was modified 

later by Baily into a one stage operation by direct anas

tomoses of the aorta to the coronary sinus. In the be

ginning the resulte were very encouraging as the grafts 

remained patent in 92 percent of animals. 

All physiologie etudies like pressure flow, and 

oxygen content revealed that the graft could ma.intain 

arterial pressure distal to an occlusion and that the 

blood had aetually passed through the eapillaries. 

Later study by Eckstein and Leighninger revealed that the 

graft perfuses the coronary bed for about five weeks and 

then loses functiona.l contact w.i.th it. This is because 

of obliterative venous changes in response to the height

ened pressure. Any improved blood supply after five weeks 
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were shown to be due to the formation of intercoronary 

anastomosis. 'l'hus the coronary capillary bed is per

fused with oxygenated blood from the aorta through the 

graft for the first five weeks only (43, 45, 47, 72). 

Moir and Pritchard studied a group of patients 

wi th coronary artery disease in whom the Beek II pro

cedure was done. They reported no circulatory abornor

mality among those in whom the graft "WaS thrombosed. 

However, those patients with patent graft demonstrated 

haemodynamic changes of an arteriovenous fistula like 

greater blood volume, decreased effective systemic flow, 

decreased peripheral resistance and increased cardial 

out put leading to cardiac failure (144) • 

Bil MUSCLE GRAFT 

In 1935 Claude Beek reported that it is possible 

to protect dog 1s heart with coronary ligation after graft

ing a flap of the left pectoralis muscle to the :m;.vo

cardium. 

He reported in the same year on one case which 

showed improvement after the muscle graft. Later the pro

cedure was modified to use a smaller part of the muscle. 

In addition, powdered beef bone was used to produce inflamm

atory adhesions. In 1943 they reported on the follow-up of 
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thirty-seven cases, of which 62.2 percent survived the 

operation. At the time of the report fourteen were 

living. This operation was abandoned by Beek and group 

as other better operations were devised. (10, 11, 14). 

_g. OMENTAL GRAFT 

In 1936 and 1937, O'Shaughnessy first reported 

the use of .œentum as a source of fresh blood for the 

coronary system. Evidence of anastomosis between the 

vessels of the omentum and the heart was fomd in exper

imental animals. The same author also reported twelve 

patients on wnom the operation was performed, out of 

which eight were survivors with signs of improvement 

(156, 157). 

This was modified by other authors to extra

pleural omentopexy instead of intrapleural (Lancet, 239, 

36:1940). But the operation fell into disuse because of the 

hf.gh mortality rate due to the abdominothoracic approach 

and introduction of simpler operations (60). 

3. JEJUNAL GRAFT 

Baronofsky and his associates reported that after 

a loop of jejunum was placed on the left ventricular myo

cardium of dogs, the survival after anterior descending occ-
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lusion was 75 percent in comparison to 35 percent in the 

control group. The mechanism of this protection was not 

clearly defined. (42) 

C. CARDIOSTATHORRHAPHY 

Allen in 1951 reported another surgical procedure 

for the treatment of coronary occlusion on the basis of 

improving the function of that ventricle which had been 

rendered less efficient by having had a portion of its 

wall thrown out of function. In experimental animale they 

have been able to splint and stabilize the ischaemic area 

by using sutures made from strips of pericardium or strips 

of fascia which were woven through the are& of the myo

cardium. Their experience on twenty-one animale proved it 

to be of benefit to the hearts with coronary occlusion (7). 

D. THEBESIAN VESSELS SUPPLYING NUTRITION TO THE MYOCARDIUM 

Anatomical and physiological basis for the Theb

esian vessels as a source of myocardial nutrition has al

ready been discussed. Vineberg reported in the Canadian 

Medical Association Journal in 1953 his experimental 

attempt to create artificial Thebesian canals to re

vascularize the heart. The method followed was to implant 

an open arterial homograft from the ventricular cavity in-
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to the wall of the ventricle. In only one animal was 

there slight evidence of anastomosis and a patent open

ing into the ventricular cavity. Massimo and Boffi re

ported implanting a polyethylene T. tube, the vertical 

branch of whi ch is directly connected wi th the le ft 

ventrioular canty 'While the horizontal branch was em

bedded in the :myocardium. 'Ibis was perfomed on thirty

two dogs with no mortality. They feel the blood is 

transported to the corn nary circulation and a continuous 

flow of blood is established under sufficient pressure 

(145). 

E. DIRECT CORONARY ARTERY SUTURE ANASTOMOSIS 

The feasibility of coronary artery suture 

anastomosis was demonstrated in 1940 by Gordon Murray. 

Recently Thal and his associates reported a technique of 

direct anastomosis of the internal mammary artery to the 

circumflex coronary artery in which o:xygen.ated blood was 

shunted through the anastomosis in seventeen animal•. 

Seven out of these seventeen had patent anastomosis after 

a two-to-six month period. No demonstration of long term 

survival with widely patent anastomosis has hitherto been 

accomplished due to high incidence of thrombosis in small 

blood vessel anastomosis which is shown to be greater with

in the range of an internal diameter of two to three mm. 

(195). 
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F. ENDARTERECTOMY 

Julian and his associates reported in 

Annals of Surgery (136, 459:1952), that the peripheral 

arteries can be incised wi.dely and under direct vision, 

a su!!icient thickness of the hyperplastic intimal and 

medial wall can be curetted out. 

Baily and Ray a!ter animal experimenta re

ported two success!ul human cases coronary endarterec

tomy in J.A.M.A. 164, 641-6, 1957. As the branches of 

the coronary artery in its subepicardial course does 

not reduce its lumen rapidly, the curette could be 

easily introduced from the distal po~ion towards the 

blockage for curettage without much di!!iculty. The two 

human cases reported had blockage of the lateral branch 

of the lert circUJB.flex artery. A tu'bulu cast of about 

sevan mm. long was removed and pulsation revived in both 

the arteries. 

This procedure is an experimental one and 

there is no long ter.m !ollow up. Bleeding from the end

arterectomy site was a common immediate post-operative 

complication. 
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CHAPTER VI 

THE EXPERIMENTAL PROBLEM 

In large proportion of' the experimenta perf'or.med 

to solve the problem of' coronary insuf'f'ioienoy surgioally 

have been done on a normal heart followed by ligation 

of one or more of' the branches of' left ooronary artery 

after days or weeks to test the effioaoy of' the operation. 

Some of' the operations have also been transf'erred to 

human patients with enoouraging result, though not widely 

aooepted. The main oriticism of this type being super 

vasoularization rather than revasoularization. 

The ameroid plastic in & stainless steel jaoket 

as devised by Litvak in this laboratory showed that the 

rate of olosure of the ameroid was fairly constant and 

reasonably prediotable in vivo to produoe coronary in

suf'fioienoy. These ameroids in this experiment were 

treated wi th vaseline to delay the rate of clo sure. As 

this deviee was very satisfaotory for the purpo se of' 

produoing ooronary insuff'icienoy, a series of experimenta 

to test the eff'ioaoy of different surgioal procedures 

practioed at present, on the ameroid treated heart of 

dogs, was planned. It is well known that none of the 
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surgical prooedur~s have wlde aooeptanoe and moreover 

literature on this subject of different operations for 

the treatment of ooronary artery disease appear to be 

very variable. 

Experimentally the following operations were 

oarried out on ten dogs in eaoh series wtbh ameroid 

constrictors. 

1) Ameroid constrictors for oont~l. 

2) Beek I op~ration. 

3) Internal Mammary ligation. 

4) Internal mammary implantation with constriotion 
of ooronary sinus. 

5) Cardiopneumopex)". 

6) Cardio-aortic Ivalon tube implant. 

First - studi~s were performed in all of these instances 

on the survival of these animale in oomparison to control 

series. 

Seoondly - study of intercoronary anastomosis and the 

extracoronary vascular supply to the myocardium by 

Schlesinger injection and x-ray. 

Thirdly - Study on coronary and extracoronary angiography 

in operated animals for visualisation of extra oardiac 

blood supply to the myooardium. 

Fourthly - aèot~ons through the ameroid constrictors and 
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the lert ventricular myooardium for mioroscopio atudy 

or amount of closure or the arteries and intarctions 

respectively were done. 

For the purpoae of ooronary and extracoronary 

angiography in situ in the living anaesthetiaed animale, 

the assistance or Dr. F. Grainger and Dr. R. Fraser of 

the Department or Radiology, Royal Victoria Hospital, 

was utilized. 
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CHAPTER VII 

A. Brief R.vi.w of Coronary Inautfioienoy in Experimental 
.A.nimals. 

Many methods bave been used previously for pro-

duoing intarots in animals' heart but most articles in the 

literature give inadequate statistica re~ding early, 

late mortality, and extent of' intarction. The most pop-

ular method to test the ef'fioienoy of an operative pro-

cedure is to ligate one or more of the main branches of 

the lei't ooronary artery following in days or weeks a.t'ter 

the operative procedure on nor.mal heart. The main oriti-

oism of this being a procedure of supervasoularize.tion 

rather than revasoularization. Signifioant doubt also 

has arisen conoerning the applioability of mortality rate 

to every experimental trial. Hann and Beok report a con

sistent operative mortality of approximately 70% in their 

control animals which is questioned by others (109). 

The pro blem of producing coronary inautf'iciency 

in dogs has been a diffioult one. Sinoe the eighteenth 

oentury, several methode have been tried in order to effeot 

gradual occlusion of blood vessels by both extra and intra-

lumina.lly. Sorew, gadgets, spring as a compression deviee 

have been tried bef'ore without good resulta (121). The major 
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outside, haemorrhage due to infection, compression atrophy 

and intravascular thrornbosis. (129) 

Methods of internally obstructing arteries like 

fascial plugs, short tubes, springs and thin wire with or 

without use of coagulating currents have been tried but 

they are most unsatisfactory as they produce rapid throm

bosis plus danger of embolisrn and finally recanalisation 

in sorne instances which may or may not be desired. Recently 

srnall segmmts of polyethylene tube have been inserted into 

the arterial lumina with the same ~pe of poor result. (181) 

Injection of irritant solutions like iodine, 

silvernitrate, acriflavin, silicon particles and the sclero

sants like sodium rnorrhuate into the tunica adventitia to 

produce rnild to marked fibroplasia with resultant narrowing 

of the vascular lumen have been tried without rnuch success.(l35) 

Besides cellophane, pàlyethylene, dicetyl

phosphate have been used by v.arious groups as Abbott in 

1949, Shapiroff, 195C, to produce fibrotic reaction around 

the arteries leading to diminution of lumen of the vessel. 

This was also experimented by Litvack in our laboratory 

and he found a variable arnount of fibrotic nadtioll in the 

tunica adventitia of these arteries. None of the other 

vascular tunics were involved in this reaction and at no 
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B. Technique of Ameroid Casein Plastic in Producing 
Coronary Insutfioienoy 

Berman in 1954 used oasein plastic material 

enoased in a rigid shell w•ioh oould ooolude vessels in 

the dog in a prediotable time. Casein is derived from 

skimmilk as Rennet Casein. It is coloured white for 

the experimental purpose and is obtained from Amerioan 

Plastic Corporation of Bainbridge, New York, in for.m 

of round bars. It is fairly tough and strong. Its two 

most important factors are its hygroscopie nature and 

its curing in formaldehyde. The oombination of these 

two factors produce gradual obliteration of the lumen of 

any blood vessels. 

~itvaok used these oasein plastics oalled amer-

oids in stainless steel housing for produoing ooronary 

artery insuffioienoy with muoh suooess. Following is the 

size of ameroid jacket in induoing ooronary insutfioienoy 

in the experimental animal t-

Ameroid inside diameter - - 3 m.m. 

Ameroid outside diameter- - 6 m.m. 

Total outside diameter 8 m.m. 

Length 5 m.m. 

Slot in .Ameroid .5 m.m. 

Slot in Stainless Steel 
jacket - -1.0 m.m. 
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PLATE NO. 2 

Photograph of ameroid constrictors used to produce coronary 

artery insufficiency. Note ameroid casein plastic with 

slot to fit over arter,y and encased in steel jacket. 

Absorption b.r casein plastic is controlled b.r coating 

ameroid surface w.i.th nseline. 
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By using the above size ameroids without any treatment 

around the anterior descending and circumflex branch of 

the l eft coronary artery on twelve dogs the survival 

days ranged from four to twenty-six days. These twelve

animals were studied by E.K.G. which revealed gradually 

increasing myocardial ischaemia, injury and derangement 

in the excitability ani conductivity. 

Microscopie examination of all sleeve en

cased coronary artery segments revealed that none of 

the lumina were completely occluded. The final luminal 

diameter is estimated at 1/lOth to l/8th of normal. 

Tunica adventitia was thinner and coarser blending with 

tunica media after fifteen days. Tunica media showed 

changes of gradual thickening with f ew inflammatory 

cells. The heavy smooth muscle fibres seemed to lose 

their identity early and revert to a fibrocollagenous 

appearance. 

These f i ndi ngs correlated ldth the clinical 

courseof the above animals suggests that total anatomical 

occlusion of these coronary arteries was not necessary for 

production of vdde spr ead infarction of myocardium and 

significant alteration to the depolarization of conducting 

system (129). \·Jhen these sl eeves were coated with petro

latum it produced an almost linear rate of expansi on by 
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the twentieth day whioh lagged behind the plain and 

glycerine ooated sleeves of the aame type. A.fter 

twentieth day the luminal diameter gradually deoreases. 

There is genera.lly an initial burst of nelling over 

the first two weeks with ooated and unooated sleeves 

'Which is followed by slower rate of expansion. 

This gradual occlusion of arteries by the 

ameroid plastic sleeve is acoomplished by means of 

1) Hygroscopie swelling of the plastic whioh meoha.nically 

narrows the vessel. 2) Fibroplastio reaction in the 

arterial wa.lls. 3) Intraluminal thrombosis with:! 

or~ization and intimal hyperplasia. 

For evaluating the efficaoy of the different 

surgica.l procedures the above technique in a modified 

form wa.s adopted for our experimental purpose (129). 

Following is the technique that was used in our series 

of experimenta. 

The a.meroid aleeves as required for the day of 

operation were put inside a olean bottle with freah white 

petrolatum (u.s.P.~. The bottle is loosely oovered and 

placed in a boiling water bowl for one hour, during which 

the sleeve absorbe and ooats itselt with melted petrolatum 

at a constant temperature of 94° 8entigrade. Atter one 

61. 



hour the sleeves are removed for use. The inside diameter 

of the ameroid after this type of treatment with petro

latum varies from .001 to .003 m.m. due to swelling. Each 

time new ameroids were treated on the d~ of operation. 
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PLATE NO. 3 

Control Dog No, 119 

Photomicrograph of section through anterior descending artery 

proximal to ameroid constriction, Note normal patency of the 

artery. Sâmè -:..1s also in d. rcllllflex branch, 



PLATE NO. 4 

Dog No, 119 

Photomicrograph of section through anterior descending 

branch vithin the ameroid. Note complete obstruction due 

to organized thrombus, 
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PLATE NO. 5 

Control Dog No. 119 

Photomicrograph of section through circumflex branch within 

the ameroid. Note 90 percent obstruction of the lumen. 



PLATE NO. 6 

Control Dog No. 119 

Photomicrograph of section through anterior descending distal 

to ameroid constriction. Note normal arte~~l 1umen.Similar 

~8 the . s,bt no of the circuœf.lex branch. 
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PLATE NO. 7 

Dog No. 117 

Mierophotograph of section through the left ventriele, inter

ventrieular septœa and right ventriele. Note the infareted 

area involving the interventrieular septum and left ventrie

ular wall. (Innerside only) 
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CHAPTER VIII 

YA.TERIALS AND METHOD 

A. Experimental Animal 

In most of the experimental work on oardiao re

vasoularization, dogs have been ohosen in this laboratory 

and all other placed. Moreover, the mongrel dogs were pre

ferred as they have a) inoreased resistance to operative 

trauma and disease, b) ease of proouring, although diffi

culty was enoountered several times during the year, o) 

oomparison of result with previous workers in this field. 

In literature also there has been extensive writing about 

dogs' ooronary ciroulation whioh has a close resemblanoe to 

oommon human type. 

Jlongrel dogs between 42 to 50 pounds were seleoted 

very speoifioally to bave a unifor.m size of hearts with cor

onary arteries for production of ooronary insuffioiency by 

ameroid sleeves. Jmmediately af'ter operation the dogs were 

kept in individual cages tor 6 to 7 days after whioh they were 

sent to far.m for boarding with close watch on their behaviour. 

B. The operation 

1. Anaesthesia - Standard anaesthesia of l.V Nembutal 

(Abbott L&boratory) in a dose of one gram per five pound& ot 

animal giving a third plane of anaesthesia tor three hours 
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which was enough for any kind of procedure even with 

a lone operator. 

2. Position - In all cases the animal was postured on 

the right side with left side uppermost. The four ex

tremities were fastened to the upper and lower posts 

on the side of the operating table. 

3. Intubation - The animals were intubated with rubber 

endotracheal tube having a balloon on the end to provide 

airtight communication with respirator. Positive pressure 

respiration with room air was maintained all time till the 

chest was closed and lung reinflated. A pump with large 

exchange volume was used for the purpose. 

4. Sterilization - Proper sterile precautions as practiced 

in human operating room was practiced, like steam sterili

zation of instruments and drapes, surgical scrub with wear

ing of donned cap, mask, sterile gowns and gloves. 

The animal's left chest and abdomen clipped, 

shaved and cleaned with soap and water followed by applic-
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ation of Tr Merthrolate Solution 1:1000 sol. Sterile drapes were 

applied after the left chest was prepared for sterility. 

5. Incision - The animal was started on the positive press-

ure respirator and the incision was made between 3rd to 5th interspace 

deperxiing on the procedure for proper exposure of the field of 

operation. After the skin was incised from the sternum anter-



iorly to the line of transverse prooesses of the vertebra 

posteriorly, the suboutaneous tissue and muscles were div

ided by Bovi oautery and bleeders eleotroooagulated. Cheat 

was then opened in the intercostal spaoe required and a 

self retaining retraotor plaoed to obtain the expoaure. The 

respiration was then adjusted by the sorew clamp on the aide 

ar.m of the oonneotion with endotraoheal tube. 

SERms I. 10 Dogs (65, 129) 

Operation for Control wi th Ameroid Sleeves 

This is the control series of coronaryartery 

insutficiency produoed by vaselinized ameroid sleeves 

&round the anterior desoending and oiroumflex branoh or 

the left ooronary a.rtery. All other procedures a.re to be 

oompa.red wi th this series. 

Left ohest was opened through 4th interspaoe. 

The lung was retracted posteriorly and the perioardium 

inoised longitudinally pa.rallel to phrenio nerTe anteriorly 

or posteriorly from its superior reflection on to the a.orta 

to ha.ltway between the base and apex of the left ventriole. 

No novocaine was used in the perica.rdial sac routinely to 

a.void ventricular fibrillation. Only on 3 to 4 occasions it 

wa.s necessary when the hea.rt rate went beyond 160 beats per 

minute with aurioular fibrillation. 

70. 



The posterior edge of the perioardium was re

traoted with self retaining sutures displaying the &rea 

between the aortio bulb and the left auriouloventrioular 

junotion through whioh the left coronary artery runs. 

The great oardiao vein turning into the ooronary sinus and 
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the branching of the left ooronary artery to anterior descend

ing and oiroumflex are seen in the area. The epicardium 

was disseoted from these vessels and then by careful sharp 

and blunt dissection, the anterior desoending and oircumtlex 

branches just beyond their origin were exposed with their 

branches and the origin of the septal branoh identified. 

Elevating ligatures were passed under eaoh vessel and the 

vessel was lifted up by gentle traction and a prepared 

ameroid was slipped around it using a Lahey oystic duot olamp. 

After this was oompleted the pericardium was closed with 

interrupted silk. Penicillin and Dihidro-streptomyoin 

powder were sprinkled inside the pleural oavity and the 

thoraootomy was olosed by interrupted heavy cotton peri

costal suture, oontinuous 000 cotton in the musole and con

tinuous number thirty size wire in the sldn. The lung waa 

oompletely re-intlated through a rubber catheter Which was 

removed atter the closure of the chest. This operation 

could be completed in one hour by a lone operator. The 

above procedure was carried out routinely in the following 
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type of experiment to test their effio,oy. 

SERIES II. 11 Dogs 

Beok I Operation (13, 22, 23, 25, 26) 

The pericardium was inoised longitudinally ant

erior to the phrenio nerve and retraoted laterally by 

reta.ining suture. By slightly elevating and rotating the 

heart the coronary sinus near its ostium into the rigbt 

auricle waa visualized. By sharp and blunt dissection the 

ooronary sinus was isolated from aooompanying arterial 

branches. Atraumatio 000 black silk was passed around the 

sinus by reversing the needle and tied over a. 3 m.m. Beck 

probe. Only in one instance the heart went into fibrillation 

after the coronary sinus oonstriotion. So the oonstriotion 

was removed and the heart immediately returned to its normal 

contraction. This animal was not inoluded in the series. 

Then epioardium and inner surface of fibrous 

perioardium were abraded by a. Beek burr. Particular oare was 

tak:en not to injure the ooronary vessels running close to 

the epioardium. Fine powdered asbestos .2 gms was sprinkled 

over the surfa.oe of the heart. The perioardia.l opening was 

approximately loosely exposing a spaoe for suturing of the 

vasoular mediastinal fat pad. Chest was olosed similarly as 



described before. 

Series III. 10 Dogs 

The ~hest was opened in the third intercostal space 

and 4th costal cartilage divided for proper exposure. The 

subcostalis muscle was dissected exposing the left Internal 

mammary artery which was freed from the chest wall by lig

ating and transecting the branches from the subclavian 

artery up to sixth inters pace. Internal mammary ?à:s trans

ected distal to sixth interspace and ligated doubly with 

medium cotton. The ligation on the end of the internâl 

marnmary is left long and is used at a later stage in the 

procedure. A suture of medium cotton is then placed in the 

apex of the heart near where the exit of the tunnel will be., 

and the artery lined up with it so as to ascertain the dir

ection of the tunnel. It is important that there is no ang

ulation of the implanted arter~ inside or outside the tunnel. 

A sma.ll nick is then made in the epicardium close to the 

apical suture and a crib artery forceps introduced. This 

forcep is then forced gently to make a tupnel of one inch 

in the proposed direction. The ligature on the end of the 

internal manmary artery is then drawn through the tunnel by the 
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orib foroep. Before it is drawn into the tunnel the 

sixth intercostal branch and other branches were out 

so that blood esoapes freely through it from the artery 

into the surrounding tunnel. No soalloping was doneJ 

only visible branches were divided. On the average the 

openings were from 2 to 4. The ligature on the end 

of the artery is then anohored to the apical suture. 

Haemorrhe.ge from both ends of the tunnel often ooours but 

this is readily oontrolled by slight pressure. Only 00000 

silk was ~sed in ligature of internal mammary branches. 

Coronary sinus constriotion was done as desoribed in 

Beok I procedure previously. 
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These are some of the important steps in tech

nique in implant procedure whtoh are followed sorupulously& 

No.l - Gentle handling in dissection of the internal mammary 

to avoid haematoma or injury leading to early thrombosis. 

No.2 - There should be no angulation or torsion of the artery 

inside or outside the tunnel. 

No.3 - There should be an effort to have the artery under the 

same amount of tension in its new position as it was under 

its original position on the ohest wall. • 

No.4 - The branches should be bleeding freely when the inter

nal mammary is drawn into the tunnel as one of the benefioial 

effeots is from wa.shing out of any clots whioh might have 



for.med in the artery during the slight trauma of diaseotion. 

It is interesting to note that there bas never 

been any evidence of haematoma formation in any of the 

specimens studied before and whether the blood stops flowing 

due to compression of the myooardium or whether it is 

aotually being oarried away by any of the disrupted 

vessels from the dissection of the tunnel has not yet been 

esta.blished. 

SERIES IV. 10 Do ga 

Interna! Marnmary Ligation (79a, 5, 103) 
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The chest was opened through fourth interspaoe and 

an ameroid sleeve plaoed around the anterior descending and 

circumf'lex branch. The le.t't subclavian artery was identified 

and ligated by medium cotton distal to the internal mammary 

artery. All other branches of left subolavian were also 

similarly ligated individually. Lett internal mammary was 

ligated and divided in the seconà interspaoe to inorease 

pressure by diverting all the blood into perioardio-phrenio 

branoh. The Perioardiophrenio branoh was ligated at the apex 

of the heart near the diaphr~· 

SERIES V. 10 Dogs 

Cardio Aortio lvalon Tube Graf~ 
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Ivalon tubes were prepared as per the method 

by Sh\UilW'9.y in 1955. Thin sheet s of two millimeter thiokne 815 

Ivalon were slioed. These thin sheets were wrapped 

around a glass tube of 5 m.m. diameter. Jpproximately 

two layera were used to get the required thickness. External 

splinting was done by strongly wrapping around the Ivalon, 

Cheese oloth in many layera with uniform pressure and 

it was placed in distilled water. Sterilization was done 

by boiling for twenty minutes. During this time besides 

the sterilization, the fusion of the Ivalon was aohieved 

and it keeps its tubular shape. It is more impermeable and 

not too rigid to lose its elasticity. The proximal 

thoraoio aorta was disseoted and mobilized along its medial 

border. The site of anastomosis was then enolosed within 

a Beek clamp and a punch hole was made by soissora • 

.Ana.stomo sis wi th Ivalon tube was do ne by continuo us 5 .o 

silk running suture. The Beek clamp was gradually released 

to seal the anastomotic site and to check the free flow of 

blood through the Ivalon tube. The segment of the tube t'or 

implantation into the left ventricular myooardiumwas 

scalloped for bleeding and drawn througb the tunnel as 

desoribed before for implant procedure. On the average the 

tunnels are between 3/4 to 1 inch in length. The distal end 

of the tube is anchored at the end of the tunnel witbout ligat

ing it oompletely. Pulsation oould be felt af'ter gradual 

release of the clamp in the aorta. 



PLATE NO.S 

Dog No. 119 

Photograph of the heart, aorta, and IT&lon tube from the aorta 

to le ft vent ri cul ar myocardium. Note: 1.) pericardiophrenic 

artery with phreni.c nerve; 2.) capillaries over the puil:mo.rlàr.i 

&l'tt:w continuous w.1. th pericardiophrenic; 3.) Ameroids around 

the aiiterior descending. Another ameroid und er the le ft 

auricular appendage. 
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.2.!. I POST-MORTEM - EXAMINATION' 

Within twelve hours atter the death of eaoh dog 

a routine gross autopsy was done. A.t this time the heart 

wa.s removed en maas w:l. th extravasoular blood supply as per 

operation performed. The specimen is then refrigerated in 

physiologie saline to a.llow for rela.xa.tion of musoula.r apaa. 

II. Injection ~thod 

Atter trying different injection media for visual

ization of ooronary arterial system to serve our experimental 

projeot, Schlesinger solution was round to be best. It has 

several advantages: it is radio-opaque, its ease of mioroscopio 

study atter injection. and the constant size of the partiales 

(40 micra). Besides it is suttioiently fluid to permit easy 

injection when heated and rapidly sets to a solid of gelatin 

consistency as it cools. The hearts were remoT.ed from the 

deep freeze and disseoted of the left anterior desoending and 

oiroumflex branoh enolosed within the ameroid sleeve for 

pathologioal section before defreezing so that the exaot 

relation of the intraluminal changes to arterial diameter 

oould be measured miorosoopically. Then the hearts were 

warm.ed to 44 degrees c. and the diVided anterior desoending 

circumtlex and right ooronary artery were oannulated with 

polyethylene tubing of comparable aize. Cannulation of extra-

· ---- ---------~--------"""" 



ooronary vessels like internal ma.mmary and pulmonary 

artery where possible. was similarly done before the 

coronaries. to evaluate the myooardial filling aupply. 

Eaoh heart was then positioned in the physiologie saline 

bath to wa.rm up 'b) 44 degrees c. Injection of eaoh oann

ulation by Schlesinger maas was oornpleted as outlined in 

the original article with slight modifications of method 

and apparatus. Sohiesinger solution was injeoted under a 

pressure of 130 mm. mercury and was oonsistently agitated 

in a boiling water bath in order to maintain its homogenity 

and liquid state. The heart was suspended in the nor.mal 

saline bath at 44 degrees Centigrade during the injection 

to keep the Schlesinger solution liquid allowing free 

passage through the ooronary and extraooronary vessels. 

Atter oompletion of injection. pressure was maintained and 

the oannulas olamped to prevent baoktlow of the Schlesinger 

solution. The heart was disconnected from the apparatus, 

removed from the saline bath and dipped in oold tap water to 

produce solidification of the Schlesinger solution in the 

arteries. X-rays were then taken of the injeoted heart to 

observe the extent of filling of the myooardium in case of 

extraooronary vessels and interooronaries in oase of ooronary 

Yessels. Schlesinger solution is radio-opaque due to the 

presence of lead acetate. 
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The hearts were then preserved in ten peroent 

formaldehyde solution and after seventy-two hours, sections 

were taken from the suspioious areas of isohaemia and 

intarotion in the myooardium. 
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CHAPTER IX 

CORONARY ARTERIOGRAM 

Its application for visualization of 
extracardi&l vessela used in myooardial revas
oularization 

It is not always possible to diagnose ooronary 

artery disease until one or two days after an attaok. 

There is no reliable olinioal msthod to localise the 

obstruoting site in the coronary arterial tree. In recent 

years more and more medical people are being gradually 

oonvinoed that it is not only a medical but a surgical 

problem as welle For sound surgioal treatment a very pre-

oise knowledge of the anatomie location and distribution 

of pathology in the ooronary tree is essential. Coronary 

arteriogram helps in ao lving the above problem. In this 

experimental work, besides visualizing the extent of ob-

struotion in the left ooronary artery, an attampt has been 

made to evaluate the arterial supply to the myooardium from 

the extraoardiao vessels by oannulating them in vivo. 

In reoent years investigative work on animals 

followed by olinioal application at a few oenters of ooronary 

arteriogram has been done. However it has not been aooepted 

as a routine procedure due to several complications whioh may 

ocour during and after the injection study. 

Di Guglielmo reported 192 arteriograms on ohildren 
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done under general anaesthesia during retrograde aortog

graphy for congenital heart disease (108). Canon visualized 

looalised obstruction in the ooronary arterial tree by angio

graphy on anima.ls and in no instances there was any seciondary 

clotting distal to the point of obstruction (56). Radio

opaque solutions four to ten times the relative volume 

oommonly used in human angiography did not appear to irritate 

the heart, other than transient E.c.G. changes. This was 

not done by multiple exposure method. 

As regards the oontrast media for ooronary arterio

graphy varioua radio-opaque substances like Urokon, Hypaque, 

Miokon, Renografin, have been tested. OHheinrioh and group 

in their study round 50% Hypaque and 50% Miokon suitable for 

ooronary angiography. They believe a comparatively small 

amount of contrast media during the ~eoiric f'ractional 

period of the cardiao cycle can produoe the desired vis

ualization or ooronary arterial tree (111). 

Thal and group have used 76% Renogr&fin witbout 

any untoward results on twenty human patients by oannulating 

the lett brachial arterywith Lehman cardiao catheter under 

local anaesthesia. Preoperatively the patients were given 

50 mgms. of drama.mine and 25 mgms. of phenargen halt an 

hour before an atropine sulphate 1/100 gr ten minutee before 



cannulation by intravenous route (194). During the 

angiography in all experimental animals, fluctuation of 

blood pressure and arrytbmias are produced. When the 

radio-opaque substances are injeoted directly into the 

ooronary arterial bed it produces transient changes in T 

wave and prolongation of diastolic interval. In rapid in

jection technique to avoid large amount of dye travelling 

into the cerebral circulation and produoing convulsion. 
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the oarotid arteries on both aides of the neck are compressed 

during the injection. Thal and group did not have any cerebral 

complication following the above method. 

In our experimenta as the animals were ready to be 

sacrificed no precaution was taken to avoid these complications. 

Two of the six anima.ls had convulsions during the injection 

from which they recovered. Rapid heart rate and arrytbmias were 

also ob:served during our experimenta. 

EXPERIMENTAL UETHOD 

Our experimenta for coronary and e:x:traooronary 

angiogra.phy wa.s done in the radiology department of the 

Royal Victoria Hospital wi th close co-operation of Dr. R. Fraser 

and Dr. F. Granger. The animals were anaesthetized with I.v. 

nembutal wi th a do se of one gram per tive pounds weight to 

give a third plane anaesthesia for approximately two hours. 



Cannulation was done in the Experimental Laboratory of 

the Do:aner Re searoh Building and the animal s were then 

transported to x~ay department. 

Group I - Normal dog. 42 pounds in weight. Cannulation 

wi th No. 7 Lehman catheter was done through tho lert common 

oarotid artery under sterile precautions. The catheter was 

then oonneoted to a s.yringe full of heparinised glucose in 

normal saline to avoid olotting or the catheter. 
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Group II - This animal underwent the operation or vaselinised 

ameroid sleeves around the anterior desoending and ciroumflex 

branch or the . lêft coronary artery. Cannulation wi th No • 7 

Lehman catheter was done through the lert oomJOOn oarotid 

artery for visualization of ooronary tree. 

Group III - These animals bad left internal mammary implant

ation and ooronary sinus oonstriotion on the average or 

su months duration. Cannulation was done through the left 

oommon carotid artery for ooronary angiography and through 

the left brachial artery for extraooronary visualization. 

Group ri - This animal survived more than five months with the 

Beek I Operation. Cannula.tion with six and seven French thin 

walled Lebman oardiao catheters wa.s done through left oommon 

oarotid artery for ooronary angiography and through the left 

brachial artery for visualization of extraooronary vessela 

supplying the myooardium. 



INJECTION DEVICES-

In our studies. the "Gidlund" high pressure 

injection syringe coupled with the rapid film changer was 

used. The injection syringe works wi th compressed air at 

a pressure between one to ten kilograms per square centimeter. 

In all our experimenta eight kilograms per square centimeter 

of pressure was used. Jmmediately after injection which is 

between .5 to lt seoonds, 1t automatioally starts the exposure 

deviee in the ra.pid film. In all our series 70% Urokon was 

used from ten to twenty oo a.t a. time with a pressure of eight 

kilogram per square oentimeter. 

Positioning and E;posure Factor -

The animals were first fluorosooped for the pos

itioning of the tip of catheter. Nor.mally the tips of 

catheter were placed about five centimeter above the sinus of 

valsalva for coronary arteriogram. Severa! other authors 

have also mentioned that the ooronary arteries may not be 

visualized if the tip is plaoed too far away from the sinus 

as there will be greater dilution; also when it is plaoed too 

close, it may not visualize one of the branches. 

In our groups III and IV the catheter t:l.p oould be 

guided into the left interna! mammary artery from the left 

subclavian wi tho ut mu ch diffioul ty. It was po si tioned near 1 ts 
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origin from the left subclavian for extracardiao angiography 

in the operated animals. It was not diffioult to guide the 

tip as experience was gained wi th the procedure. 

After fluoroscopy the animals were plaoed in a 

lett posterior oblique position and fibns (size ot 12 by 14 

inches) were taken at 250 to 350 milliamperes on average, 

with 95 to llO kilovolt at 1/30 to l/60th of a seoolld, with 

the speed of six per second. The injection material remains 

at body temperature automatioally in the syringe. The speed 

in this machine oan be lowered to one in ten seconds. 

With the above technique a very &&tisfaotory 

ooronary and e:z:traooronary angiogram was obtained. 



CHAPTER X 

A. SUMMARY OF PROTOCOL 

Section I 

Series A. Control - 10 Dogs, 1Jeight between 43 
to 50 pounds 

In this series, vaseline treated ameroid sleeves 

were applied on the anterior descending and oiroumfle% 

branch of the left ooronary artery to produce coronary in-

sufficiency. The survival rate and collateral circulation 

visualized by injection and x-ray studies will be oompared 

with other procedures. 

Dog No. 153 This animal underwent the procedure on Decamber 

13th, 1957, and died on the farm on Feb. lOth, 1957. Death 

came all of a sudden while fighting over food, when it fell 

down on the floor crying. This animal lived for forty-one 

days. Post~ort«m examination revealed an adherent lingula 

of left lung. There was no gross manifestation of myo-

cardial ischaemia. Schlesinger Injection study showed -1--1-

homocoronary and + intercoronary anastomosis. On micro

scopie examination the arteries were obstruoted to 87% 

of their lumen by intimal hyperplasia. 

Arteriogram on thirtieth day revealed filling of 

the radio-opaque dye in right ooronary artery and very little 

filling of the anterior desoending and none in the circumflex 

branoh of left ooronary artery. Septal branoh was arising 

from the anterior desoending. 

87. 



PLATE NO. 9 

) · . 

Dog No. 153 - Microscopie section thxough the anterior 

descending branch within the ameroid. Note the obstrue-

tion of the lumen and thickened media with chronic in-

flammatory cells. 
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PLATE NO. 10 

Dog No. 153 - Microscopie section through the circumflex 

branch showing the extent of obstruction of the lumen 

due to intimal proliferation. 
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PLATE NO. 11 

Dog No. 153 - Schlesinger injection study by x-raT 

for intercoronary anastomosis. This is an antero

posterior view. 
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PLATE NO. 12 

Dog No. 153 - X-ray study of intercoronary anastomosis 

by Schlesinger injection. Note only one intercoronary 

between right and lert coronary artery. This is P.A. 

vie w. 
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PLATE NO. 13 

Dog No. 153 - X-ray study of an unrol1ed heart for 

intercoronary anastomosis. Note only /- intercorona.ry 

and more than one homocoronary anastamosis in left 

side of the photogra~. 
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Dog No. 348 This animal underwent the same a.meroid sleeve 

application on Deoember 31st, 1957, and died on February 4th, 

surviving for thirty-five days. The animal was lethargie 

and lost weight in last week. Post-mortea examination 

revealed suapdcious areas of inf'arotion near the apex of 

the heart. Schlesinger Injection study show.d,~ homoooronary 

and + in'eerooronary a.na.stomosis. Arteries were obstruoted 

by 70% of their lumen on miorosoopio examination. The septal 

branoh was arising from the bifurcation of' the left coronary 

artery. 

Dog No. 119 This animal underwent a.meroid sleeve application 

on February lOth, 1958, and died on March 5th in the f'ar.m. 

The animal was quite active previous to death. It survived 

for 25 days. On post-mortem examination the upper lobe of 

lung was adherent to the heart. Schlesinger Injection study 

revealed ++ homocoronary and+ !nterooronary anastomosis. 

Arteries were obstructed to 90% of their lumen on miorosoopio 

examination. The septal branoh was arising from anterior 

desoending branoh. 

Dog No. 373 This animal underwent a similar procedure on 

February 20th, 1958, and died Maroh 20th, surviving for thirty 

days. It dropped dead while fighting with another dog. 
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Schlesinger Injection study revealed + homocoronary and ~ 

interooronary anastomosis. Arteries were constrioted to 75% 

by organized thrombus and there were areas of infarotion at 

the apex oonfirmed by miorosoopio examination. The septal 

branoh was arising from the lett ooronary artery at its 

bifurcation. 

Dog No. 375 This animal underwent &.meroid sleeve application 

on February 24th, 1958, and expired :Ma.roh lOth, 1958, surviving 

for sixteen days~ dropping deat on the r~ betore the tarmer. 

Lett lung was adherent to the heart on post~rtem examination. 

Schlesinger Injection study reveals ++ homocoronary and~ 

interooronary anastomosis. Arteries were obstructed 75% or 

their lumen. The septal branch came from the ciroumtlex branche 

Dog No. 376 This animal underwent the same procedure on 

Maroh 6th, 1958, and died on April 2nd, 1958, ôn the rarm, 

surviving for 28 days. Post-a.ortem examination was negative 

for any gross pathology. Schlesinger Injection study revealed 

-4- homoooronary and -4- intercoronary anastomosis. Arteries were 

obstruoted up to ao% ot their lumen. The septal branoh was 

arising from the anterior desoending branoh. 

Dog No. 126 This animal underwent ameroid sleeve application 

on Maroh 17th, 1958, and expired twenty-one days after on 

jpril 2lst, 1958, on the r~. The dog died quite suddenly 

while playing. On post-mortem examination, lett lung was 



adherent and there was suspioious area of ini'arotion near 

the apex. Schlesinger Injection study revealed .f. homo

ooronary and ~ interooronary anastomosis. The arteries .. re 

obstruoted 68% of their diameter. The septal branch arose 

from the anterior desoending branch. 

Dog No. 328 This animal underwent the same procedure on 

February lOth, 1958, and died on February 30th, after twenty 

days. On post-mortem examination the left lung wa.s adherent 

to the heart and there was no suspicion of gross infarction. 

Sohlessinger Injection study revealed + homocoronary and + 
interooronary anastomosis. Arteries within the ameroid 
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sleeve were obstruoted up to 65% of their diameter. The septa1 

branoh arose from anterior desoending branch. 

Dog No. 372 This animal underwent the ameroid sleeve applic

ation on Maroh 5th, 1958, and died on jpril 5th, atter thirty 

days. On post-mortem examination left lung was adherent. 

Schlesinger Injection study was not satisfactory for evaluating 

collateral anastomosis. Arteries within the ameroid sleeve 

were obstruoted by internal hyperplasia up to 72% ot their 

lumen. The septal bran oh was ari sing from the an terior descend

ing. 

Dog No. 176 This animal underwent the seme procedure as 

above on Maroh 17th. 1958• and died on April 2nd, after 

seventeen days. Found dead by fa.rmer in its cage. Schlesinger 
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injection study revealed ~ interooronary ~ homoooronary 

anastomosis. Arteries within the ameroids were obstruoted 

up to 8'7% of their dia.meter. Septal branoh was arising 

from the left ooronary at its bifurcation. 

Series B. 10 dogs wei&hing between 44 to 52 pounds 

Beok I Operation 
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In this series the animals underwent the vaselin-

ized ameroid sleeve application around the anterior desoending 

and oiroumflex branoh of the left ooronary artery as done in 

the control series. In addition, the Beek I operation was 

performed simultaneously to test the effioaoy of the procedure. 

Dog No. 313 This animal underwent Beok I operation on 

September 8th, 1957, and saorifioed on Maroh lOth, 1958, after 

190 days. Septal branoh was arising from the left ooronary 

artery at its bifurcation. Schlesinger injection study revealed 

???? interooronary and~ homoooronary anastomosis • .Arteries 

within the ameroid sleeve were obstruoted 86% of their diameter. 

Ce.nnula.tion of the left interna.l Dl8.1IIIllary for arteriogram was done 

and there was no visualization of extra.cardiao blood supply to 

the myooardium. The animal was saorifioed a.fter the a.rteriogrem 

and there were widely dila.ted vessels in the mediastinal fat 

running towards the heart. 



PLATE NO. 14 

Dog No. 313 - X-ray study of intercoronar.y anastom9sis 

b7 Schlesinger injection. Note large number of inter

coronar,y anastomosis. 
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Dog No. 171 This animal underwent Beck I op•ration on 

Sept. l3th, 1957, and died on October 6th, 1957, after 

twenty-three days. It dropped dea4 while fighting over 

food. On post-mortem examination left upp•r lobe was 

adherent to the lung. Mediastinal v•ssels wer• dilat•d 

and •nlarged. Sohlesin~r injection study reveal•d + 
homocoronary and no intercoronary anastomosis. Arteriea 

within the ameroid were obstructed up to 82.5% of their 

lumen. Septal branch was ariaing from the ant•rior 

descending. 

Dog No. 314 This animal underwent Beck I operation on 

September l6th, and died on Deo.œb•r 14th, 1957, aft•r 

eighty-eight days. Septal branoh was arising from the 

anterior desoending. On post-mortem examination lingula 

was adherent to the heart. Schlesinger injection study 

revealed ~ homocoronary and~~ intercoronary anastomosis. 

!rteries within the ameroid were obstructed 80% of their 

lumen. 

Dos No. 116 This animal underwent Beck I operation on 

September 17th1 1957, and died on Ootob•r l8th, atter thirty 

days. This dog also had a sudden death while playing. 

Septal branoh was arising from the anterior desoending. On 

post-mortem examination lingula was found to be adherent to 
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the heart. Schlesinger injection study revealed -f

homocoronary and -f- intercoronary anastomosis. Ar

teries within the ameroids were found to be obstructed 

85% of their lumen. 

Dog No. 303 this animal similarly underwent Beek I op

eration on September lBth and died on October 6th, 1957, 

after eighteen days. It dropped dead crying before the 

farmer. Post-mortem examination revealed adherent left 

upper lobe. Schlesinger injection study showed f homo

coronary and f intercoronary anastomosis. Arteries were 

obstructed by 65% of their lumen by intimal proliferation. 

Septal branch was arising from the circumflex and the amer

cid was placed proximal to septal branch in this case. 

Dog No. 14:5 This a.nima.l underwent Beek I operation on 

September 18th, 1957, and died on October 6th, after 

eighteen days. This dog died on the farm similar to 

the above animal. Septal branch was arising from the 

left coronary artery at its bifurcation. Schlesinger 

injection study revealed f homocoronary and no intercor

onary anastomosis. Arteries within the ameroids were 

obstructed to 70% of their lumen. 

Dog No. 307 This animal underwent Beek I operation on 

September 19th, 1957, and died on October l2th, 1957. It 
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survived for only twenty-three days. On post-mortem 

examina tion the lin gu la was adherent to the heart. 

Schlesinger injection study revealed + intercoronary 

and + homoooronary anastomosis. .Vteries within the 

ameroid were obstruoted 92.5% of their lumen by 

organised thrombus. Septal branoh in this case was 

arising from anterior desoending branoh. 

Dog No. 94 This animal underwent Beok I operation on 

S.ptember 23rd and died on Ootober 9th, 1957, sixteen 

daye later. Septal branoh was arising from the left 

ooronary artery at its bifurcation. On post-mortem 

examination the upper lobe was round to be adherent 

and mediastinal vessels were larger and dilated. 

Schlesinger injection study revealed + interooronary 

and t- homoooronary. Arteries were obstruoted 90% ot 

their lumen, within the am.eroids. 

Dog No. 141 This animal underweiit Beok I operation on 

Soptember 27th, 1957, and died suddenly •n the farm on 

Ooto ber l9th, after twenty-two days. Septal bran oh was 

arising from the anterior descending. Schlesinger 

injection atudy revealed + interooronary and + homoooronary 

anastomosis. Arteries within the ameroids were obstruoted 

85% of its lumen by organized thrombus. 

lOO. 



Dog No. 136 This animal undernnt Beek I operation on 

Deoember 2 7th, 1957, and died on January 16th, 1958, 

atter nineteen days. Septal branoh waa arising from 

the anterior desoending branch. On Schlesinger injection 

llomoooronary or intercoronaries oould not be estimated 

well due to unsatisf'aotory injection. Arteries within 

the ameroid were obstruoted up to 75% or its lumen. 
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PLATE NO. 15 

D9g No. 307 - Microscopie section through the anterior 

descending branch. Note the obstruction of its lumen 

b7 ninety percent due to an organized thrombus. 
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PLATE NO. 16 

Dog No. 307 - Microscopie section through the circum!lex 

branch. Note the obstruction of its lumen by organized 

thrombus. 
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PLATE NO. 17 

Dog No. 307 - X-ray study of intercoronary and homo

coronary by Schlesinger injection. P.A. view. 
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PLATE NO. 18 

Dog No. 307 - X-ray study of an unrolled heart for 

intercoronary anastomosis. Note between circumflex 

branch and right coronary artery~ the interooronary connections. 
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SERIES c. 10 dogs weighing between 42 to 50 pounds 

Internal mammary implantation into 
left ventricular mcyooardium and cor
onary sinus constriction up to 3 
millilll.eters 

In this series the animals are first prepared 

with vaselinised ameroids for producing coronary insuff-

iciency. after which the bleeding left internal mammary 

artery was implanted in the left ventrioular myocardium. 

In addition, the coronary sinus was constricted to give 

added benefit of collateral circulation. 

Dog No. 13 This animal underwent the implant procedure 

with coronary sinus constriction on August lst. 1957, and 

was saorificed on April 16th, 1958, atter surviving for 

two hundred and fifty-six days. The septal branoh wa.s 

106. 

arising from the anterior desoending. On exploration of the 

left chest the interna! mammary was soft and the left upper 

lobe wa.s adherent to the artery am the heart. KethyleDè· 

blue injected into the implanted artery revealed the patency 

of the artery with wide spread anastomosis. This was con-

firmed by Schlesinger injection study. Jrteries within 

the ameroids were obstructed 85% of their lumen. 

Dog No. 123 This animal underwent tiDlllu :~prooedure on 

August 5th, 1957, and died on October l9th, 1957, atter fifty-

six days. On post-mortem examina.tion a.rtery was soft but 

slightly angula.ted due to f'ibrous adhesion to the ohest wall. 



Left lung was also adherent. Schlesinger injection 

study rsvealed open artery but no anastomosis. 

Septal branoh was arising from the oiroumflex branoh. 

Arteries within the ameroid were obstruoted to 82.5% 

of their lumen. 

Dog No. 168 This animal underwent intermal mammary 

implantation and ooronary sinus oonstriotion on August 

9th, 1957, and was saorifioed on April 25th after 

surviving for two hundred and thirty-six days. Arteriogram 

through left subolavian artery was unsuooessful. On 

exploration the artery was found to be soft and patent. 

Methylene blue easily flowed into the myooardium through 

excellent anastomotio ohannels oonf~rmed by Schlesinger 

injection study. The septal branoh was arising from the 

anterior descending branoh. Arteries within the ameroid 

were obstructed up to 67.5% of their lumen by organized 

thrombus. 
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PLATE NO. 19 

Dog No. 168 - X-ray study of myocardial fi1ling by 

Schlesinger injection maas througb the intemal mammary 

implant. Note the injection mass in all the branches 

of the anterior descending and right coronary artery 

suppl.p.ng the left and right ventricle respectively. 

108. 



PLATE NO. 20 

Dog No. 168 X-ray of an unrolled heart injected through 

the internal maJTJDary implant. Note the filling of both 

coronar,y arteries. Anterior descendi.ng with its branches 

are filled more than others. 

109. 



Dog No. 309 This animal underwent the implant procedure 

and ooronary sinus oonstriotion on July 29th, 1957, and 

was saorifioed on April 18th, 1958. Septal branoh was 

arising from the anterior desoending branoh. On explor

ation of left ohest the artery was found to be soft and 

straight with lef't upper lobe enolosing a segment of' it. 

Methylene blue circulation through the myoo~rdium reveal

ing the potent artery with anastomosis. L&ter Schlesinger 

injection study oonfirmed the observation. Arteries within 

the ameroids were obstruoted up to 75% of its lumen. 
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Dog No. 151 This animal underwent interna! mammary implant

ation and ooronary sinus oonstriotion on August 30th, 1957, 

and was saorifioed after arteriogram on April 4th, 1958. It 

survived for two hundred and fourteen days. Septal branoh 

was arising in this oase from the left ooronary artery at its 

bifurcation. Arteriogram through the implanted artery 

revealed the anastomosis wi th the ooronary arteries by rapid 

film exposure. The dog died on the x-ray table at the end 

of arteriogram. On post-mortem examination left upper lobe 

was found to be adherent to the heart and the implanted 

artery was soft. There were many branches from the artery 

apreading over the adherent lung. Schlesinger injection 

study revealed open artery with excellent anastomosis. 

Arteries within the ameroids were obstruoted by intimal 

hyperplasie. up to 85% of its lumen. 



PLATE NO. 21 

Dog No. 151 Photogra}il of the speci.lœn after injection 

through the left internai mammary at its origin. Note 

numerous extracardiac branches running over the adherent 

lung making a widespread anastomose.s. 
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PLATE NO. 22 

Dog No. 151 Microscopie section through the anter.ior 

descending branch within the ameroid constrictor. 

Note complete obstruction of the lum~ by intimal. 

proliferation. 
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PLATE NO. 23 

Dog No. 151 Microscopie section through the ci.rcumf1ex 

branch wi thin the ameroid. Note the obstruction due to 

intimal hyperplasia. 
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. PLATE NO • . 24 · 

Dog No. 151 X-ray study of the left internal mammary 

implantation injected with Schlesinger mass. Note the 

filling of the anterior desceniing branch and other 

arteriole ""' within the left ventricul.ar wall. Note also 

the extracardiac branches. 
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Dog No. 176 This animal was operated on September 4th, 

1957, in a similar manner and was sacrificed on April 

8th, 1958. The eeptal branoh was arising from the a:mterior 

desoending branoh. On exploration of the operated area 

a soft pulsating artery was found and methylene blue in

jection revealed open arterywith ciroulating dye in the 

myocardium. Scbaasinger injection study showed fair ana

stomosis. .Arteries within the ameroids were obstruoted by 

intimal hyperplasia up to 67.5% of its lumen. 

Dog No. 17 This animal underwent the implantation and 

ooronary sinus oonstriction operation on September 5th, 1957, 

and was saorificed after one hundred and nine~y-nine days 

on April 24th, 1958. The septal branch was arising from the 

anterior desoending branch and on post-mortem examination 

the artery was soft but slightly angulated due to fibrous 

adhesions. On lohlesinger injection study the artery was 

patent with fair number of anastomoses. Arteries within 

the ameroids were obstruoted 72.5% of its lumen. 

Dog No, 301 This animal underwent a similar procedure on 

September 12th and was saorificed on .April 24th, 1968, 

surviving for two hundred and twenty-two da.ys. At the time 

of saorifice the artery wa.s soft and pulsatile. Schlesinger 

injection study revealed patent artery with no anastomosis. 
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The artery wi thin the ameroid was obstruoted 60% of its 

lumen. The septal branoh in this case was arising from 

the anterior desoending branoh. 

Dog No. 319 This animal underwent implant and coronary 

sinus constriotion operation on January 30th, 1958, and 

dropped dead on February 22nd, 1958. On post-mortem 

examination the implant was f'ound to be thrombosed. Septal 

branoh arose from the ooronary artery at its bifurcation. 

Microscopie section of the artery was unsatisfactory for 

evaluating the amount of obstruction of the lumen. 

Dog No. 146 This animal underwent a similar procedure on 

January 29th, 1958, and dropped dead on February 18th, 1968, 

af'ter twenty days. On post-mortem examination the implant 

was thrombosed and lef't upper lobe was adherent. In this 

oase plain catgut was used for ligating the internal 

mammary branches, which was not dissolved at the time post

zoortem examination. The septal branoh was ari sing in this 

case from the circumf'lex branoh. The arteries within the 

ameroid were obstruoted up to 95% of its lumen by intimal 

hyperplasia. 
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CARDIOPNEUMOPEXY 

SERIES D 

10 dogs weighine: between 43 to 52 pounds 

In this series the pul.monary artery to the 

lingula or upper lobe of the left lung was tied betore 

grafting into phenolized myooardium of the left ventricle. 

All these animals also had a simultaneous application of 

vaselinized ameroid around the circumflex and anterior 

descending branoh of the left ooronar; artery to produoe 

coronary insuffioienoy. 

Dog No. 25 This animal underwent the oardiopneuroonopexy 

operation on Ootober 9th, 1957, and was saorifioed on April 

4th a.fter extraooronary angiography. The animal survived 

for one hundred and seventy-tive daya. The septal branoh 
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was arising from the anterior desoending branoh. An 

arteriogram did not visualize the bronohial artery supplying 

the left ventrioular myooardium. Schlesinger injection study 

of the coronary tree revealed +++ interooronary anastomosis. 

No Schlesinger mass visualized in the adherent lung by 

retrograde injection. Microscopie study of the junctional 

area of the adherent lung and heart suggests of ohronic in

flammatory reaotion with fibrosis. No vasoular oonnections 

were visualized. The arteries within the ameroids were 

obstruoted by 65% of its lumen by intimal hyperplasia. 

Dog No. !29 This animal underwaat oardi opneumopexy on Ootober 

3rd, 1957, and dropped dead on Ootober 27th, after twenty-four 
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days. The septal branoh arose from the anterior desoending 

branoh. Schlesinger mass injection through the cannulated 

pulmonary artery did not visualize the myooardial supply. 

Arteries within the ameroids were obstruoted lOO% of its lumen 

by thrombus formation. 

Dog No. 120 This animal underwent oardiopneumonopexy 

operation on Ootober 26th, 1957, and died on November 25th, 

1957. The septal bran ch was arising from the left ooronary 

artery at i ts bifurcation. The pulmonary artery of the 

lingula was oannulated and injected with Schlesinger maas. 

There was no visible inJection maas in the left ventrioular 

myooardium. Arteries wi thin the ameroids were obstruoted 

by 75% of its lumen by intimal hyperplasia. 

Dog No. 135 This animal underwent oardiopneumopexy on 

September 27th, 1957, and died on Ootober 8th, 1957, arter 

twenty-two daya. On post-mortem examination the lung was 

found to be separated from the heart. The septal branoh was 

arising from the oiroumflex branoh. Arteries within the 

ameroid were obstruoted 60% of its lumen. No injection study 

was carried out. 

Dog No. 358 This animal underwent oardiopneumopexy on 

October lOth, 1957, and died on November 13th, 1957, surviving 

for thirty-three days. On post~ortem examination the grafted 

lobe was found to have pneumonia, oonfirmed histologioally. 

Septal branoh was arising from the anterior descending branch. 

Arteries within the ameroid were obstruoted 80% of its lumen. 

No injection study was done. 



Dog No. 350 This animal underwent oardiopnetunopexy on 

Ootober 3rd, 1957, and died on October 24th, as many of 
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our control animals. On post-mortem examination there was 

about 250 cc of old blood in the pleural oavity. Retro

grade injection of the ooronary tree by Schlesinger mass did 

not reveal any vasoular connections between the lung and the 

heart. In this oase the ameroid was proximal to the septal 

branch whioh arose from the anterior descending branoh • 

.Arteries wi thin the ameroids were obstructed to 65% of its 

ltunen. 

Dog No. 94 This animal underwent cardiopneumopexy on 

December 4th, 1957, and was saorifioed on April 23rd, 1958, 

after one hundred and thirty-nine days. An arteriogram did 

not reveal injection of bronohial artery. Schlesinger 

injection of the ooronary tree revealed ++~ interooronary 

anastomosis. The septal branoh arose from the anterior 

desoending branoh. Arteries wi thin the ameroids were 

obstructed 77.5% of its lumen. 

Dog No. 106 This animal underwent cardiopneumopexy on 

January 3rd, 1958, and died on January 28th, after twenty

five days. On post-mortem examination the lung was found 

not to be well adherent to the heart. Schlesinger injection 

through the pulmonary artery did not show any vasoular 

connections between the heart and the lung. Septal branoh 

arose from the left ooronary artery. Arteries within the 

ameroids were constricted 50% of its lumen. 



Do g No • 12 6 This anima 1 underwent oardiopneumopexy on 

January 16th, 1958, and died on January 30th, 1958. On 

post-mortem examination the adherent lobe was round to 

have pneumatio consolidation. Miorosoopio examination 

revealed no vascular conneotion but there were sign of 

inflammatory reaction in the muscle. The septal branch 

arose from the left coronary artery at its bifurcation. 

Arteries w:i. thin the ameroid were obstructed 76% of i ts 

lumen. 

In addition four other animals died of distemper 

and other lung complications whioh are not included in this 

series. 
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PLATE NO. 25 

Dog No. 126 Microscopie section of the junctiona.l area 

between the lingula and left ventrièular muscle. Note 

thickened epicardium with chronic inflammatary reaction. 

No vascular O.'Olll~Mmica:ttorœ between the graft and myooardiwn. 
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PLA TE NO. 26 

Dog No. 120 X-ray study of Schlesinger injection 

through the pulmonary artery of the adherent lung. 

Note no vascular channels go into the left ventric

ular myocardium on righ t. , 
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PLATE NO. 27 

Dog No. 350 X-ray study of intereoronar,y anastomosis 
in eardiopneumopexy. Note f. f. intereoronary anastomosis. 



SERIES E. IV.ALON TUBE IMPLANTATION FROM THE AORTA INTO 

THE LEFT VENTRICULAR MYOCARDIUY 

10 dogs weie;hing between 42 to 52 pounds 

In this series speoially pr•pared Ivalon 

sponge tubes were anastomosed to the side of the aorta 

and the bleeding distal segments were implanted into the 

left ventricular myooardium after making a few holes on 

its aide. 

Dog No. 94 This a.ni.m&l underwent Ivalon tube implantation 

operation on November 14th, 1957, and died on Deoember 26th, 

1958. The septal branoh arose from the oiroumflex. On 

post-mortem examination left upper lobe was found to be 

adherent to the heart and the Ivalon Tube. The tube was 

partially thrombo sed wi th no anastomotio ohannels in the 

myooardium.. .Arteries wi. thin the ameroid were obstruoted up 
1 

to 70% of its lumen. 

Dog No. 352 This animal underwent Ivalon tube implantation 

operation on November 7th, 1957, and died on November 30th, 

atter twenty-three days. The septal bran oh aro se from the 

antsrior desoending branoh. On post-mortem examination the 

Ivalon tube was found to be oollapsed and thrombosed inside 

the myooardium. Arteries wi thin the ameroid were obstruoted 

up to 77.5% of its lumen. There were ar•as of gross infaro-

tion at the apex of the heart. 
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Dog No. 126 This animal underwent Ivalon tube implantation 

on November llth, 1957, and died on Deo~ber 4th, 1957. 
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The ameroid was plaoed proximal to the septal br~oh arising 

from the anterior desoending. On post-mortem examination the 

Ivalon tube was f'ound to be thrombo sed from the anastomotio 

site. .A.rteries within the ameroid were obstruoted 55~ of ite 

lumen. 

Dog No. 160 This animal underwent Ivalon tube implantation 

operation on November l5th,l957, and died on Deoember 6th, 

1957. The septal branoh arose from the left ooronary artery 

at i ts bifurcation. On po st-100rtem examination the synthetio 

tube was thrombo sed bsyond the anastomotic si te and the upper 

lobe was adherent to the tube. .A.rteries were obstruoted 80% 

of' its lumen by organized thrombus. 

Do,g No. 362 This animal underwent Ivalon tube implantation 

operation on November 4th, 1957, and died on Deoember 4th, 

1957. Ameroid wa1 plaoed proximal to the septal branoh whioh 

arose from the anterior desoending branoh. On post-morte.m 

examina tion the Ivalon tube was round to be partially 

thrombosed startine at the anastomotic site with the aorta. 

Arteries within the ameroid were obstruoted up to 60% of 

its lumen. 



Dog No. 321 This animal undenrent Iva.lon tube implant

ation on Ootober 29th, 1957, and died on November 26th. 

The septal bra.noh was a.rising from the a.nterior desoending 

branoh. On po st-mortem examina.tion the Iva.lon tube was 

f'ound to be thrombosed. Arteries within the ameroid were 

obstruoted lOO% by intima! hyperpla.sia. 
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Dog No. 326 This animal underwent Iva.lon tube implantation 

operation on Deoember 9th, 1957, and died on Deoember 29th, 

1957. The septal branch was arising from the a.nterior 

desàending branoh. On po st-mortem examina.tion the !val on 

tube was thrombosed completely. The a.rteries were obstruoted 

67.5% of' its lumen within the ameroids. 

Dog No. 339 This animal underwent the Ivalon tube implant

ation procedure on Novamber 8th, 1957, and died on November 

24th, 1957. Septa.l branoh a.rose from the oiroumflex branoh. 

On post-mortem examination the implant wa.s round to be 

oompletely thrombosed beginning at the anastomosis. Arteries 

within the ameroid were round to be obstruoted 75% of' its 

lumen. 

Dog No. 314 This animal underwent Ivalon tube implantation 

operation on November 14th, 1957, and died on February 26th, 

1958. The septa.l branoh a.ro se from the anterior desoending 

branoh. On po st-:mortem examination the Ivalon tube 



was fo1md to be thrombosed. On Schlesinger injection 

study of the coronary tree f f homocoronary and f f 
intercoronary anastomosis was found. The arteries 

within the ameroid were obstructed 60% of its lumen. 



PLATE NO. 28 

Dog No. 94 Schlesinger iU,jection through the Ivalon tube 

implant. Note p:1. tent graft but no anastomosis. 
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PLATE NO. 29 

Dog No, 160 Microscopie section of Ivalon tube thr.ough 

the :myocardial tunnel. Note the uneven surface of the 

Ivalon tube and myocardial fibrosis around it, 
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PLATE NO. 30 

Dog No. 160 Microscopie section of the ~ocardium around 

the Ivalon tube implant. Note chronic inflammatory re-

action in the ~oeardium with fibroblasts adjoining the 

spenge. 
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SERIES F- INTERNAL MüfMARY LIGATION - AS MODIFIED. 
BY DR. BLALOCK. 

Dogs weighing between 42 to 60 lbs. 

Dog No. 171, 354, 153, 119, 324, 334, 353, 23, 120, 17 

were operated on for left internal mammary artery ligation 

in the second interspaoe for evaluation of its benefit 

in coronary insutfioienoy produoed by gradual occlusion 

by ameroids. .All the branches of the subolavian artery 

proximal and distal to the origin of the left internal 

mammary were ligated to gain the :maximum hypertensive effeot 

in the perioardiophrenio branch whioh was also ligated near 

the diaphraglll• The average survival of these animals was 

25 days, the sa.me as the control series. The manner ot death 

was also similar to the control series. 

On post-mortem examination the perioardiophrenic 

branoh does not sesm to be larger than at the initial operating 

time. This branch is also ve~ variable from amall to JOOderate 

si ze in vivo. By injection of India ink through the divided 

internal mammary artery, the perioardiophrenio ~th its branches 

oould be traoed as far as the small oapillaries over the aorta 

and pulmonary artery. This was only formed in dogs No. 354, 324 

and 2 3. There was no ink in the coronary arterial system of the 

left ventriole as shown by ether authors. There were larger 



branohes than the perioardiophrenio from the left internal 

mammary artery proxima.l to the seoond interspaoe supplying 

the mediastinal fat. These vessels were usually more readily 

injeoted than the perioardiophrenio whioh arises just at the 

origin of the internal mammary artery from the subolavian. 

artery. 
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PLATE NO. 31 

Normal Dog Coronary arteriogram through left cammon 1 

carotid artery. Note vizualisation of ail the main 

branches of left coronary artery and main trunk of 

right coronary artery. Catheter tip has slipped in-

side after injection. 
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PLATE NO. 32 

Normal Dog Another view of normal coronary arteriogram. 

Note visualization of both coronaries. 
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PLATE NO. 33 

Dog No. 153 Coronary arteriogram in a dog with vaselinized 

ameroid constrictors around the anter.ior descending and 

circumflex branch. Note 11sualization of right coronary 

artery but there is no dye passing through circumflex and 

very little through the anterior descending branch. 
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PLATE NO. 34 

Dog No. 313 Angiographie study ef\ .e:x:tr.a:corop.ary:.vascular 

supply of the left ventricular myocardium. Note left 

internal mam'lllB.ry' wi.th all its branches visualized but 

no dye goes into the Jey"oc~ium.( Beek I operationJ 
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PLATE NO. 35 

Dog No. 151 Ex:tracoronary arteri.ogram through left 

intemal mammary arter.y. Note the dye in the patent 

arter,y visualized inside the left ventricul.ar myocardial 

tunnel. 
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PLATE NO. 36 

Dog No. 151 Continuation of extracoronary arteriogram 

through the le ft intemal mammary artery. Note the dye 

in the anterior descending branch in communication b.1 

arteriolar anastomosis. Also note the septal branch 

arising proximal to the ameroid is in communication with 

the implant • 



. ,.. "'\ ..... 

PLATE NO. 37 

Dog No. 151 Continuation of Plate No. 36. Note the dq 
in brtnches of the circumflex artery and visualization of 
more arterio1ar anastamotic branches • 
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PLATE NO. 38 

Dog No. 151. Continuation of Plate No. 37. Note the 

visualization of the circumfl~ and anterior descend

ing branch at its bifurcation b,y retrograde flow through 

the septal branch. Note also dye in coronary venous 

system. 
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PLATE NO. 39 

Dog No. 151 Continuation of Plate No. 38. Note well 

visualized anterior descending and circum:tlex arteries 

by the dyes pJ'ssing from the implant through the arter

iolar anastomosis. Note athe coronary sinus as the dye 

drains out. 
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PLATE NO. 40 

Dog No. 151 Continuation of Plate No. 39. Note the 

dye is being cleared away from the corona:cy arterial 

system into the coronary sinus. 
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NORMAL CONTROL NORMAL CONTROL 

All anima.ls between 43 to 50 lbs. All animals between 43 to 50 lbs. average 

Dog No. Date of Date of Dure.tion Gross Findings x..Ra.y Findings Ameroid Section Arteriogram Septal Remarks 
Operation Dea th Lived Amount of Closure Bran ch 

163 Deo. 31 Feb. 10 41 daya Lingula adherent. HO i-i- a'T% 
yes 

AD No visualisation of oiroumflex Branch. 
ICi- Right ooronary artery w.ll demonstrated 

and anterior descending branoh faintly 
se en. 

348 Dec. 31 Feb. 4 35 days Infarction of the HC + 70% Bifurcation. 
apex. IC + 

119 Feb. 10 March 5 25 days Upper lobe adherent. HC t+ 90% AD 
Infarction present. IC + 

373 Feb. 20 Maroh 20 30 days Lung adherent, gross IC + 75% L.C. 
infarotion. HC+ 

376 Feb. 24 Maroh 10 16 days Lwtg adherent HC ++ 75% Coronary 
IC + 

376 Maroh 6 .April 2 28 days HC + 80% AD 
IC .J. 

126 March 17 April 8 21 days Gross infarction. HC'f- 68% .AD 
Lung adherent. IC + 

328 Feb. 10 Feb. 10 20 days Lung adherent. HC+ 65% AD 
ICi-

372 March 5 April 5 30 days Lung adherent. 72% AD 

176 March 17 April 2 17 days ~t 87% L.C. 

Average Survival •••••• 26 daye Noriiiii type 
of anastomosis. 

IC : Intercoronary 
HC : Homocoronary 
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BECK I BECK I 

.Al.l aniJDals between 44-52 lbs. All animals between 44-52 lbs. 

Dog No. Date of Date of Duration Groas Findings Septal Branoh X-Ray Findings Ameroid A.rteriogram Myooardium Remarks Operation Dea th Lived Section 
313 S.pt. 8 M&roh 18 190 daye Coronary IC + + + + 85% No visualisation of 

(Saorifioed) • HC + extraoardiao blood supp1y • -:= • 5-t 
111 Sept. 13 Oot. 6 23 days ~ .AD IC - None 82.5% 0 

al .p 
HCi-• .p 

= 
r-1 
::s 
0 314 Sept. 16 Deo. 14 88 days • or4 

so% ..0 CH AD HC fo 0 CH r-1 or4 IC ++ ~ 
5-t 
•• lill 
O.l':l..-4 116 Sept. 17 Oot. 18 30 Days 8t.! .p AD HC + as% .P..-4 

.p IC + CHI+-t.P 
• 0 ::s 

r-f >a ..0 
303 S.pt. 18 Oot. 6 18 Days 5-t 5:1 • 

( Ciroumtlex ) 65% 0. HC + 
cd 5:1 § 

r-1'1"4..-4 IC +-
(os;::~ 
J:l~cd 145 Sept. 18 Oot. 6 18 Days or4 0 

70% ~Ê~ Coronary HC fo 
IC-

.P o CH 
11114-40 

307 Sept. 19 Oot. 12 23 days 
J:I.PJ:! 

92.5% ! ~~ AD IC + 
O.P HC fo 0 0 

flr-15-t 
g.a~a~ 

94 Sept. 23 Oct. 9 16 days 
:ara 

90% ., ~ ..... Coronary IC + ~ ., 
.Poe co HC i-'1"41D...t 
r-t5-toe, 
r-tetb 
cd .:a. 0 

141 Sept. 27 Oot. 19 22 days 0 

85% t!1:R~~ AD ICi-
HC + 

136 Deo. 27 Jan. 16 19 days AD HC 75% 
IC- Sections shows thiokened 

perioardial layer infiltrated 
wi th ohronio inflamnatory 
oells and fibroblasts. ( ) Amero id Proximal to Septal Branoh HC : Homoooronary Not a picture of granul-.ma. 

IC z Interooronary No vasoular communications. 
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IMPLANT AND CORONARY SINUS CONSTRICTION 

All animals between 42-50 Lbs. 

Dog No. Date of Date of Date Life Gross Findings Septal Branoh X-Ray Findings ~teriogram Ameroid Rema.rks 

Operation Dea th Saorifioed Duration Section 

13 Aug. lst April 16 256 days ~tery soft. Left AD Injection taken• as% 

upper lobe adherent. Anastomo sis 

123 Aug. 5 Oct. 9 56 days Artery soft. Ciroumfle:x: Injection taken 
Arterial anastomosis. 82.5% 

168 Aug. 9 April 25 236 days Patent artery. 
Methylene bluè ciro- AD Excellent 67.5% But no visualisation. 

ulates through the anastomo sis 
implant. 

309 July 29 April 18 260 days Methylene blue easily AD Good arterial 75% 

oiroulates. anastomosis 

151 Aug. 30 April 4 214 days Implant is soft with Coronary Good e.nastomo sis as% Excellent arteriogram 

branches from the 
animal e:xpired &ue 

internal mammary over 
to blockage of the 

the adherent lung. 
artery for 100re than 1 hr • 

175 Sept. 4 April 8 214 days &oft. AD Fair anastomosis 67.5% 

17 Sept. 5 March 24 199 days Soft. AD Fair anastomo sis 72.5% 

301 Sept. 12 April 24 222 days Soft. AD Patent artery 60% 

No anastomosis 
319 Jan. 30 Feb. 21 22 days Thrombosed. 45% Plain catgut not 

Coronary None Dissolved. 
145 Jan. 29 Feb. 18 20 days Artery blocked. Left 

upper lobe adherent Circumfle:x: None Plain catgut not 
di sm lved. 

croasing the ameroid 
jacket. Plain catgut 
not dissolved. 
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CARDIOPNEUMONOPEXY CARDIOPNEUMONOPEXY 

Animals between 43-52 l.f.!!. 

Gross Findings Microscopie Art er- .A.rteriàl lumina S.ptal Remarks 
Dog No. Date of Date of Date Lite X-Bay Findings iogram Wi thin ameroid Bran ch 

Operation Dea th Saorif'ioed Duration 

25 Oct. 9 .April 4 176 days r.c. + -1--1- 65% AD 
Injection through • J.4 
pulmona.ry a.rtery did not 

·~ take. s:t. 
329 Oct. 3 Oct. 27 24 ~8 Injection through ~.i lOO% AD 

pulmona.ry a.rtery did not 8 t: 
take. rl.8 

10 ., 

120 Sept. 26 Nov. 25 
~~~~ 

75% Coronary 60 days Injection did not tak:e 1 .. 
in myocardi am. Pulmonary ~~ 
a.rtery well injected. ..... 

rl.J.4 

~ .8 • 60% Ciroumflex 135 Sept. 27 Oct. 8 22 days Lung separated - not 0 10 

! ~: well adherent. Pot aS 
J.4 0 

~., 

80% AD 358 Oct. 10 Nov. 13 33 da.ys Pneumonie. in the adherent O.Pfo.t 

lobe. 10 ~ 0 
s:l .p 
0.! s:l 

.... C) 
65% AD 350 Oct. 3 Oct. 27 24 days Injection did not ta.lœ. .POO 

aS .... J.4 
Blood in ohest. 0 C) 

.... ~ Il. 

.... 0 

94 Deo. 4 April 23 139 days Retrograde did not take. ~=~ 77.5% AD No visualisation 
g ~ s:l of' Bronohial 

.P...t 

106 Jan. 3 Jan. 28 25 days Injection did not take s:l aS artery anastomosis 
through pulmonary artery. 1 &§ 50% Coronary 

• 0 
Orll~ 

1.26 Jan. 16 Jan. 30 14 days Congestion of the adherent 
lobe. No vascular 75% Corona.ry 

Communications. 
Signs of inf'lammatory 
reaction in the muscle. 

Average 57 da.yè 
4 more died of 

Ameroid p1aced proximal to septal branoh. distemper and ether, 
lung complications. 

----- -----------------------------------



CARDIO-.AORTIC IVALON TUBE IMPLANT 

Dog No. Date of Date of Duration Septa1 Bra.noh X-Ray Findinga 
Lived 

94 

352 

126 

160 

362 

321 

326 

339 

314 

Operation Dea.th .............. 
Nov. 14 Dec. 26 41 da.ys Ciroumt1ex 

Nov. 7 Nov. 30 23 days AD 

Nov. 11 Deo. 4 23 days (A\}) 

Nov. 15 Deo. 6 21 days Corona.ry 

Nov. 4 Deo. 4 30 daye (AD) 

Oot. 29 No;,. 26 28 days AD 

Deo. 9 Deo. 29 20 days AD 

Nov. 8 Nov. 24 16 days Ciroumf'le:x 

Nov. 14 Feb. 24 lOI.di.ys AD 

Average days •• •••••• 

Patén~ but 
no a.nàstomosia. 

Ill 
Ill 
0 
~ 
bO 

~ 
0 

'0 ., 
Ill 
0 .g 
0 
~ 

$ ., 
~ • ~ . 

~ 
112 0 
~'" C).,P 

:S g 
~i 
:;1 = 

BC ++ ,, -- \ ' 

IC .-t+ 

IC a Intercoronary 
HC t Homooo:ronary 

( ) proximal to Septal Branoh 

! 

CARDIC>..A.ORTIC IV.ALON TUBE IMPLANT 

Gross Findings 

Pa.rtia.lly thrombosed 

Tube oo llap sed 
Thrombosed 

Thrombosed 

Thrombosed - partia1ly 
starting at the 
anastomosia 

Thrombosed 

Thrombosed 

Thrombosed 

Thrombosed 

Thrombosed 

Ame:roid C1osurt of Remarks 
a.rteria.1 1\.JJMn 

70% 

77.5% Gross intarotion at the 
apex. 

55% 

ao% 

60% 

lOO% 

67.5% 

75% 

60% 

On most of the specimens the Iva1on tube was oovered and firmly 
adherent by lingula or left upper lobe. 
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Section 1 

Series A 

CHAPTER XI 

SUMMARY OF RESULT 

This is the control series with vaseline treated 

ameroid constrictors around the anterior descending and oir

cumflex branoh to produce ooronary insuffioiency. This is 

to be oompared with other operations to test the effioaoy of 

the procedure. or the ten animale prepared this way, the 

survival rate was between sixteen to forty-one daye, with 

an average of twenty-six days. On post-mortem examination 

in eight out of ten hearts the lung was adherent. The 

septal branoh was arising from the anterior desoending in 
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six; three from the left ooronary and one from the oiroumflex. 

Section through ameroids revealed blookage by organized 

thrombus or intimal proliferation from sixty-five to one 

hundred percent of its lumen with an average of 74.9 per

cent. Schlesinger injection study and x-ray, revealed 

only +- intercoronary anastomosis, whioh is normal and -1-

to + .f- homoooronary anastomosis. Seven out of the ten 

animals suddenly died when in some form of excitement as 

combat or jumping for food. The aocurate manner of death 

of the other three could not be obtained. Section through 



the heart showed infarotion in the endooardial aurfaoe 

of the left ventriole and interventrioular septum in 

seven out of ten hearts. 

Series B 

In this series, ten animals were prepared 

with the Beek I operation on ameroid treated dogs. 

Of the ten animals, nine died in a similar manner as 

the oontrols, between nineteen to eighty-ei@ht days, 

with an average of 28.5 days. On post-mort~ examination 

the lingula or left upper lobe of the lung was adherent 

to the heart. The septal branoh arose from the anterior 

desoending in six hearts; three from left ooronary and 

one from the oiroumflex artery. The ameroid was proximal 

to the septal branoh whioh arose from the oiroumflex 

artery. Microscopie section through the ameroid constrictors 

revealed an average of eighty percent blockage of the lumen, 

varying from 65 to 92.5%. Schlesin@lr injection study 

revealed ~ intercoronary and ~ homoooronary anastomosis in 

&11 the nine animals whioh died between nineteen to 

eighty-eight days. In none of these nine hearts was 

Schlesinger maas seen to fill the perioardium. On micro

scopie section the epicardium and adherent perioardium was 

found to be thiokened and infiltrated with ohronio inflamm-
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atory oells and fibroblaste. There was no sign of granuloma 

formation and no blood vessel communications between the 

pericardium and the myooardium. 
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In dog No. 313, an arteriogram was done in vivo by 

oannulation of internal mammary artery which did not demonstrate 

any blood supply from the vascular mediastinal fat pad into 

the left ventrioular myooardium after one hundred and ninety 

days. The animal was sacrifioed and Schlesinger injection 

study revealed ++++ intercoronary and+ homoooronary anas

tomosis. Section through ameroid revealed wighty-five per-

cent obstruction of arterial lumen. 

Series C 

In this series left interna! mammary implantation 

into the left ventricular myooardium with constriotion of 

coronary sinus was carried out on eleven dogs with vaselinized 

ameroid constrictors. One dog developed ventrioular fibrill

ation after coronary sinus oonstriotion. The ligature was 

removed and the heart defibrillated. The above animal was not 

inoluded in the oomparing series. Seven out of ten animals 

survived more than two hundred days after whioh they wer• 

saorificed. On some of them, arteriogram in vivo was done 

before sacrifice. The other three out of ten survived from 

twenty to fifty-six days. The animals during sacrifice or 

post-mortem examination revealed the left lung to be adherent 



to the heart and to the interna! mammary artery in all 

ten animals. The septa1 branch arose from anterior 

descending in six hearts, from the 1eft ooronary at its 

bifurcation in two others and from circumf1ex branch in 

the other two. In a11 the seven anima1s, during the 

sacrifice procedure, methylene blue was injeoted into the 

soft implanted art8ry outside the heart. Dye sbowed 

immediately in the 1eft ventriou1ar myocardium and in the 

branches of the coronary arteries. Schlesinger injection 

study of the implant showed open arteries in •i~t hearts 

with anastomoses in seven. Angiography in vivo was done 

on dog No. 168 and 151. Cannulation of the interna! 

mammary was not sucoessful in dog No. 168. In dog No. 151, 

whioh was a suooess, dye from the implanted artery oiroulated 

through the arteriolar anastomosis with the ooronary arteries 

and went out through the coronary sinus. In two of the three 

animals whioh died between twenty to fifty-six days, the 

internai mammary was oompletely blooked and did not take 

Schlesinger injection. Interestingly enough, in thes• two 

animals, plain 00000 catgut was used to 1igate the branches 

of the internai mammary artery instead of 00000 black silk 

as it was out of stook at that time. These plain catgut were 

not dissolved and the artery felt beaded and hard at the site 

of catgut ligation. 
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Section through the arteries within the ameroid 

revealed an average of seventy-three percent blockage of 

the lumen by organized thrombus or intimal proliferation. 

Series D 

In this series oardiopneumonopexy as described 

by Bloomer and his associates was carried out on ten 

animale (47, 48, 119). Eight out of ten aurvived fourteen 

to sixty days wi th an average of twenty-four day s. 7u 

other two (dog No. 25 and No. 94) were saorifioed after 

one hundred and seventy-five and one hundred and thirty-

nine days reapeotively. On post-mortem examination 

pa•umonia in the adher~nt lobe, haemorrhage and separation 
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of lobe from the heart were found in four out of the eight 

animale. These are the oommon complications of pBaumono

pexy as has been mentioned by several other authors. 

Retrograde injection of Schlesinger maas through the pul

monary artery, where possible, was done and in none of the 

specimens, could Schlesinger mass be found in the ventrioular 

myooardium. Miorosoopic section of the artery within the 

ameroid revealed seventy-two percent obstruction of the lumen 

on the average. The septal branch arose from the anterior 

descending branch in five hearts, from the bifurcation of the 



left ooronary artery in four and ~om oiroumflex branoh 

in the other. Angiography of the bronohial artery for 

visualization of the blood supply to left ventrioular 

myooardium was negative on dog No. 94. Miorosoopio seotion 

of the oardiopulmonary junotion did not show any vasoular 

communications. There were signs of ohronio inflammatory 

reaotion in the myooardium underneath the lung. Dog No. 

125 whioh survived for one hundred and seventy-five days 

revealed +++ interooronary anastomosis. In dog No. 94 

no x-ray study oould be made aoourately due to faulty 

injection. 

In this series Ivalon tube anastomosed to the 

desoending aorta was implanted into the left ventrioular 

myooardium on ten animale with vaselinized aneroids. All 

the animals died within an average of twenty-seven days. 

The septal branoh arose from the anterior desoending in six 

oases, from the ooronary artery at its bifurcation in three 

and from the oircumflex branoh in the other dog. On post

mortem examination, nine out of ten implants were oompletely 

thrombosed beginning at the anastomosis with the aorta. One 

was partially thrombosed and did take Schlesinger injection 

rsvealing a patent tube but no anastomosis. In all the 
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specimens the left upper lobe of the lung was firmly 

adherent to the grart, but the implant oould be 

separated very easily from the myooardium indioating 

its foreign body nature. Microscopie section or the 

artery through the ameroid revealed seventy-one peroent 

blookage of the arteries. No angiographie study was done 

as there was no living animal after three months. 
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SERIES F - INTERNAL MAMMARY ARTERY LIG.A.TION 

All the ten anim.als died in a similar manner 

as to th• controls, suggestiv• of no protection whatsoever 

by this method. MOreover pericardiophrenic was usually 

found to be a very small branoh of the left internal mammary 

artery in oomparison to other branches arising from it in 

the dogs. 

India ink injection study did not rev•al any 

anastomotio communication with the coronary arterial system. 

During the time of operation one could see the fine oapillary 

anastomosis over the pulmonary artery oontinuous with 

branches of left anterior descending. But it must b• too 

small to be of any clinical signifioance and as far as the 

myocardial revascularisation is conoerned. 

In some of the animals, the application of ameroids 

at the bifurcation of the left coronary artery destroys or 

oooludes the fine branches supposed to be in communication 

with extracoronary arterial system at the root of the heart. 

This may be one of the reasons for the abscence of' India 

ink travelling as f'ar as these fine communications in som. of' 

the hearts. 
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CHAPTER XII 

DISCUSSION 

A. In the control series of vaseline treated ameroids 

around the anterior descending and circumflex branch, the 

animals survived on the average for twenty-six days. 'Ihe 

branches of the left coronar,y artery were obstructed due 

to intimal proliferation or organized thrombus up to 74 

percent of its lumen, with microscopie evidence of myo

cardial infarction involving the inner surface of the 

left ventricle and the interventricular septum (see page 

67 ) • The manner of dea th of these animals -was aleo inter

esting to note, as most of them died in same form of excite

ment such as combat or jumping for food, dur:i.ng which state 

the constricted arterial lumen could not supply enough blood 

to the overworking myocardium. From the gross, microscopie 

and angiographie study, as well as the manner of death ob

served, it can be concluded that the ameroid casein plastic 

does produce myocardial infarction due to coronary insuff

iciency in a predictable time and is similar in nature to 

the human condition from the clinical and pathological 

point of view. 

These ten hearts were studied for development of 
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new intercoronary anastomoses due to the gradual blockage 

of the arterial lumen. It may be mentioned again that 

Schlesinger injection study reveals only arterioles larger 

than 40 mie ra in diameter. However, anastomotic communic

ation less than 40 micra are of little clinical significance 

(3S). 

Blumgart and his associates reported that twelve 

or more da;ys of 7 5 percent narro'Wi.ng were required to pro

duce anastomotic communication sufficient to protect the myo

card.ium. In the present control series of ten anima.ls, all 

of them survived beyond twelve days and the left coronary 

artery branches were narrowed up to 74 percent. None of 

them revealed aqy new intercoronary anastomoses. 

It can be concluded that it takes a much longer 

time than twenty-six days for the development of new inter

coronary anastomoses, sufficient to protect the myocardium 

from gradual occlusion of coronary arteries. 

B. BECK I 

In this series the Beek I operation was perfonned 

on ten anima. la wi th vaselinized ameroids. Ni ne animal a 

survived twenty-eight days on the average. In this group 

death occurred in a similar manner as in the control group. 
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There were no complications like pericardial cyst form

ation in any of the specimens. These nine hearts also 

did not reveal any intercoronary anastomosis by Schlesinger 

injection study despite the Beek I operation and .gradual 

obstruction of the left coronary arterial lumen to SO per

cent. Beek and his associates have reported that inter

corona~ communication develops as early as two days (13), 

and collaterale to the heart develop as early as three 

weeks (152). The discrepancy may be due to the fact that 

their study was not done by Schlesinger injection technique 

and the anastomotic channels which were shawn were less than 

40 mie ra in diameter. On microscopie examina ti on in ail our 

specimens the epicardium and inner layer of pericardium were 

not destroyed completely. There was thickening with chronic 

inflammatory cells and fibroblaste in the epicardium in con

trast to the findings of others who have reported fonnation 

of granulomas with communicating vascular channels between 

the pericardium and myocardium (19S, 199). 

The tenth animal survived for one hundred ani ninety 

days in spite of the blockage of the coronary arterial lumen 

to SO percent and revealed four plus intercoronary anastomosis. 

This animal was sacrificed after angiography to visualize 

extramyocardial supply through the vascular mediastinal fat. 
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This was negative. This application of vascular mediast-

inal fat pad is one of the steps of the Beek procedure. 

Mautz and Beek make no claim as to the amount of blood 

that can be transported to the heart through these new 

vessels. Only in the late stage of the coronary arterial 

obstruction does blood actually flow into the heart through 

extracardiac anastamosis, since it is only in severe coron-

ary arterial obstruction that these vessels have been seen 

to persist and enlarge. 

In our experimental animals the co:ronary arter-

ial obstruction can be considered as severe as it kills 

them. Despite this there is no evidence of extracardiac 

anastomosis. 

The main reason for the su.rvival of the lone 

dog out of ten was the good intercoronary anastomosis 

which could overcome the effeet of obstruction. From 

our etudies it could be concluded that intercoronary 

anastomosis develops sometime beyond twenty-eight days 

after the Beek I operation in the dogs treated by vasel-

inized ameroids for production of coronar.y artery insuff-

iciency. 

C. LEFT INTERNAL MAMMARY IMPLANTATION IN'IP LEfT VENTRIQ
ULAR MYOCARDIUM WITH CONSTRICTION OF CORONARY SINUS 
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In this series, le ft internal mammary implant

ation into the left ventricular myocardium w.ith simultan

eous constriction of coronary sinus to 3 millimeter was 

done on ten dogs. The main reas on for adding this extra 

step is to find out if the surgical benefit could be 

increased beyolXl the 76 percent which was attained with the 

implant alone at the present time. Drs. Vineberg and 

Walker recently reported one hundred cases with 76 percent 

improve~œnt. 

In this experiment seven out of ten animals sur

vi ved more than two hundred days. They were sacrificed 

after angiography was done. All these seven had open 

arteries with good anastomosis. One out of the other 

three animals which survi ved less than tw hundred days 

had an open left internal manunary artery without any anas

tomosis. The other two implants were completely blocked. 

Surpr:is ingly enough, in these two animals the blockage of 

the implant is attributed to the use of catgut for liga

ture of the branches of the internal marranary artery. Cat

gut was used in these two animals because of the unavail

ability of silk during the time of operation. These cat

gut sutures did not dissolve even after four to six weeks 

and the arteries felt hard and beaded near the ligation of 
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its branches. 

As it has already been discussed, the coronary 

sinus constriction was added with the idea that it will 

provide greater extraction of oxygen from blood in the 

capillary bed and stimulation of intercoronary communi

cation. Moreover, the ameroid casein goes into a burst 

of expansion in the first eight to ten days when the cor

onar,y sinus ligation will be beneficial as the arteriolar 

anastomosis is not fully developed in the early weeks of 

implantation. Baily states that simple ligation of the 

coronary sinus may be considered as a total revascular

ization procedure although a lesser degree of intercoronary 

development is obtained by this. However, our experimenta 

discount this being a total revascularization procedure as 

the animale did not survive with the Beek I operation in 

which this is one of the important steps. However, it un

doubtedly has some value as shown by ail the previous 

studies. 

Sta.tements that the benefit of implant procedure 

is due to the develoJ!llent of intercoronary are not valid 

as in our study, and recently by several other groups, it 

is proved that the implant communicates w:i.th the coro nary 

arterial system by ana.stomotic arteriolar channels. Angio-
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graphie study in vivo in our experimenta clearly depicts 

the course of blood through the ventricular myocardium. 

In addition there are other proofs by injection and x-ray 

studies. Recently Bakst and Loewe reported 90 percent 

filling of the anterior descending branch of the left 

coronary artery through the internal mammary implant 

when performed in the ischaemic heart, as reported in 

the American Journal of Cardiology, March, 1958. The 

retrograde flow from the anterior descending was 12 cc. 

per minute in contrast to ).B cc. in Harken's modified 

de-epicardiliazation with 95 percent phenol and 5.5 cc. 

by Thomson procedure. They have come to the conclusion 

that the combination of implant and Thomson procedure 

is an effective operation to protect both anterior and 

posterolateral porti ons of the left ventricle. 

As has been mentioned, the infaretion in amer

oid treated animals occurred in the deeper surface of the 

left ventriele and interventricular septum near the endo

cardium which also is the case in huma.n hearts. In 1940 

King published a critical essay on the grafting procedures 

in general in whieh the vascular communication occurs be

tween the vessels of the graft and the epicardial vessels. 
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The graft apPlied to the surface of the heart can do 

very little to supply the deeper layera where the in-

farction generally occurs. Moreover, in most of our 

studies there does not seem to be any vascular commun-

ication between these grafts and the myocardium. A 
' 

similar observation of King and Freidbacker is that a 

fibrous tissue layer develops between the graft and 

the heart Which gradually tends to contract due to sear 

tissue formation in spite of the demand for their ex-

istence in our experimenta with induced myocardial 

ischaemia. 
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CARD IOPNEm<>PEXY 

SERIES D-

In this series the pulmona.ry aftery to the 

left lingula was ligated to stimulate bronohial artery 

dilatation as reported by Bloomer and his assooiates (49). 

The lingula was then anohored to the left ventrioular 

myocardium after application of phenol as advocated by 

Harkins to destroy the epicardial barrier. Although this 

operation has been carried on human patients, no experi

mental evidence of vasoular communio&tion to the isohaemio 

myocardium has Y9t been reported. 

Bloomer' s experimenta were carried out on 

normal hearts with the application of silvern!trate on the 

left ventricular myooardium. They r8ported that the 

oonnection between the bronohopulmonary and ooronary 

circulation ocours between 9 and 20 'Aeks after surgery aa 

revealed by Vinyl plastic corrosion. Bowever their was no 

evidence in our experimenta by Schlesinger injection study 

of any communications. Abreover most of our animal• died 

before the uptimum time for the development of vasoular 

communication. 

In this series eight out of the ten animals died 

wi thin an average of 24 days due to ooronary insufficiency 

prcduced by ameroids. The anterior descending and ciroumtlex 

branches were obstructed to 72% of its cross-section. 



Fneumonia in the adherent lobe, hae.morrhage. separation 

of the lobe, pneumothorax and ateleotasis are the oommon 

complications of pneumop•::EY• In these experimenta 4 out 

of 8 animals died of these complications. Two other 

animals which survived beyond 130 days were sacrifioed 
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after angiography to visualise the branchial arterial 

communications into the left ventrioular myooardiœ. The 

angiography was negative and on exploration the lungs were 

firmly adherent to the heart. Schlesinger injection study 

through the pulmonary artery did not reveal any injection 

mass in the myooardium. The possible cause of survival of 

these animals was thought to be due to new intercoronary 

anastomosis. Schlesinger injection study, dog No. 25. showed 

i- + i- intercoronary ana.stomosis and in dog lo. 94, no 

conclusions could be made accurately due to faulty injection. 

It see.ms if thera were any vasoular communication between 

the lingula and the myooardium at all. it must be less than 

40 micra sinoe it did not take Schlesinger injection. 

Histologie examina.tion of the junotional area 

between the heart and lung did not reveal any vasoular 

communication. There was a fibrotio reaction assooiated with 

signa of ohrcnio inflammation in the myooardium underneath 

the adherent lung. 

Prudden (165A) even improved Bloomer' s procedure 

to produoe a high pressure oardiopneumopexy by a direct 
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anastomosis of the subolavian to the pulmonary artery 

of the left lower lobe. His resulte were aleo disappointing. 

He found the interface between the onlay and myooardium filled 

with a connective tissue barrier which prevented effective 

vascular communication. 

Our experimenta also reveals the same picture 

in this series of experimenta of coronary insufficienoy by 

gradual occlusion. 

In conclusion onlay grafts of highly vascular tissue 

do not revasoularize the myocardium to a degree sufficiant 

to proteot the heart from ooronary insufficiency. 



SERIES E - IV.A.LON TUBE IMPLANTATION FROM THE AORTA 

DITO THE LEFT VENTRICULAR MYOCARDIUM. 

In this series Ivalon tube anastomosed to the 

desoending aorta was implanted into the left ventricular 

myocardial tunnel. This was carried out on ten animals 

with vaseline treated ameroids. All the ten animals died 

wi thin an average of 27 days as the control group. Nine 

out of the ten grai'ts thrombosed at the time of post-mortem 

examination. The thrombosis was extending from the anast

omotic site towards the myocardium. There was no thrombus 

extending into the aorta at the time of autopay to aocount 

for embolism. In one of the grafts which was partially 

thrombosed, Schlesinger injection and x-ray study did not 

reveal any communication with ooronary arterial system. 

The operation itself and the anastomosis of gratt 

1• quite satisfaotory from the potnto6f technique as one 
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oould see the pulsation in the graft at the time of operation. 

There is no reports published in the literature regarding the 

Ivalon tube implantatiom in human oases,although ivalon has 

been used extensively in intraoardiao and vascular repaira. 

Reoently Dr Vineburg reported using tbr ivalon sponge for 

myocardial revascularisation. 



Smith has used the nylon tube prosthethio graft for 

implantation in human hearts and has been satisi'ied with 

the resulta. But this procedure is still in experimental 

stage and there is no long tenn f'ollow up as regards the 

thrombus formation and its eff'ioaoy in ooronary arterial 

insui'ficiency. 

In conclusion1 Ivalon tube implantation, inspite 

of its advantage over other types of' prosthetio graf'ts 

thromboses quite early and does not proteot coronary arterial 

insufficiency produced by ameroid oonstriotors. MOreover 

ivalon tube acta as a foreign body and produces ohronio 

inflammatory reaction around the myooardial tunnel. 
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INTERNAI.. MAMMARY ARTERY LI GAT ION 

In this series, the animale died after 26 

daye sustaining the average as in the control groupe 

Previous to the present series, a study was made on ten 

animals with bilateral interna! mammary ligation treated 

with dry ameroids. Schlesinger injection was i'ound to be 

too viscus to pass through the distal branches of the 

perioardiophrenic artery to show the communication wi th 

the aoronary arterial system. It was modified in the 

present series by ligating the distal branches of' the 

subclavian and the distal end of the peridardiophrenic 

to gain the maximum hypertensive efi'eot as suggested by 

Dr. Blalook. This was oarried out on 10 animals with 

vaselinised ameroid constrictors. In these animals India 

ink wa.s injeoted into the divided internal mammary artery 

but in none of' the speoitœns was the ink i'ound in the 

myocardium. It could be seen to have traveled as far as 

the periaortio and pulmonary capillaries when the 

pericardium was rei'leoted. 

In the last two years, several experimenta 

bave been oarried out in different centers to find 

objective evidence of increase blood supply into the 

myocardium by bilateral internal m.ammary ligation. At'ter 

the concept of the Italian authors like Fieschi, Battezzali, 

Tagliaterro and De Marchi, Glover and group have reported 

on 135 human cases with 68% improvement in relief' of pain 

and di aoomfort • 
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Adams (5) reported his resulta of experimenta 

on fresh cadavers followed by operation on 4 oases. On 

fresh oadaver& he measured the flow rate in the aorta. 

internal mAmmary artery and perioardiophrenio artery. Arter 

the occlusion of the internal mammary artery there was no 

inorease in minute volume of flow from the perioardiophrenic 

artery. 

Out of the 4 human cases operated on. the pain 

disappeared before the vessels were ligated. In his cases 

symptomatio improvement was not supported by objective 

clinioal tests in any of these cases. Similar is the 

observation by Glover in his cases. Adams oonoludes: •The 

sy.mptom relieving effeotiveness of a patient will suoceed, 

of belier in his physioians ~rd, and of confidence in his 

surgeons procedure" has once again been demonstrated "as 

a triad of faots". 

In conclusion the bilateral internal mammary 

ligation does not lead to any demonstrative benefit in 

proteoting the heart from coronary insuffioienoy produàed 

by gradual occlusion. There was no objective evidence of 

communication with oorronary arterial system. 
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CRAP'l'ER XIII 

SUMMARY .AND CONCLUSIONS 

l) J. brier review of the ana.tomioal, phyaiologioal and 

pathologioal considerations wi th regard to the problem 

of m;yooardial revasoulariza.tion is desoribed. 

171. 

2) A survey of various methode of produoing oorona.ry a.rtery 

insutfioienoy has been preeented and the technique adopted 

in the experiunts has been described. 

3) J. oasein plastic (~roid) in a stainless steel jacket 

when plaoed around the anterior desoending and oiroumtlex 

branches has been shown to produoe ooronary artery 

insutfioienoy in a prediotable tLme, averaging twenty-six 

days in oontro 1 an 1ma.ls. 

4) Coronary artery insuffioienoy produoed in the dogs by 

ameroid constrictors is similar to t:œ human condition of 

corona.ry artery disease from the olinioal, anatomioal and 

pa.thologioal point of view. 

5) The lumen oi' the arteries w1 thin the ameroids are obstruoted 

on an average of 74% due to intimal proliferation or 

organized thrombus formation. The intarotion produced by 

suoh a procedure is oontined to the inner surface of the 

left ventriole and interventrioular septum. 
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6) The gradual ooelusion of the eoronary artery resulting 

in an average of 74% reduction of lumine. in a tnnty-aix 

day period does not stimulate the development of any new 

interooronary aœ.stomoses auff'ioient to proteot tlw 

myoeardium. 

7) In the Beek I procedure. interooronary anastomoses of 

suffioient aize to proteet against coronary artery 

insufficienoy produoed by ameroid oonstriotors ooourred 

in only one out of ten animals. 

8) Further angiographie studies of Beek I materie.l revealed 

no evidence of collateral ana.stomotie cha.nnela betnen the 

vasoule.r medie.stinal f'e.t pe.d a;nd the ooronary arterie.l 

system in the myooe.rdium. 

9) The operation of left interna.l mammary implantation and 

simultaneous eoronary sinus partial occlusion up to 3 Dllll• 

bas been Shown to produce the beat protection e.gainst 

oorona.ry artery insuffioiency produced by ameroid 

constrictors. Seven out of ten animals survived beyond 

aix months with good arteriolar a.nastomosis; eight out of 

ten arterie s were pa te nt. 

10) The flow of dye through the implant and its ooliiD.unioe.tion 

with the coronary e.rterial system was studied in vivo. The 

angiogram of dog No. 151 is shawn on page 136-142. 
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11) The use or plain catgut in ligating the branches of the 

lett interl'l&l mamma.ry seems to be injurious and tends to 

thrombus formation. In the two animals whioh bad complete 

thromboses plain catgut was used. 

12) Coronary sinus ligation did not appear to influence the 

percenta.ge or mammary coro:nary ana.stomo ses by implant al one. 

13) Surtaoe gratta lib cardiopneumopexy did not reveal any 

evidence of vascular communications between the broncbial 

arterial system or the graft and the left ventricular 

myooa.rdiura as shown by Schlesinger maas injection and 

angiographie study. 

14) Surface gratta or highly vascular tissue did not 

revascularize the myooardium. A connective tissus barrier 

developed at the interface between the graft and heart 

muscle. This is probably due to incomplet• destruction or 

the epicardiumwhich acta as a strong barrier for revascul

arization. 

16) In one or the surviving animale out of ten. cardiopneumopexy 

led to the development or intercoro:nary anaatomosis as shown 

by Schlesinger injection study. 

16) Bilateral internal mammary li~tion did not protect the 

animal heart wi th corona.ry artery insutficiency. There was 

no evidence or anastomotic communio•tion between the peri

oardiophrenio and the extraoa.rdia.c branches or the corona.ry 

artery in the myocardium by India. 1Dk or Schlesinger injection 

study. 



17} lmplantation of a prosthetio tube, like Ivalon, 

from the aorta. to the left ventrioular myooardium 

failed due to tbrombosis in 90 percent of the oa.aea. 

The thrombosis usua.lly sta.rted a.t the a.nastomotio 

site. 
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