
McGILL UNIVERSITY 

TC!: Graduate Studies 

DATl: April 15, 1966 

fROM: 

'~lHUtcr: 

Dr. B. O. Zamora 

Shortened title for M. Sc. thesis: 

Revascularization of right ventric1e. 



r ,- .. 

( 

REVASCULARIZATION OF THE RIGHT CORONARY ARTERIAL SYSTEM BY 
IMPLANTATION OF THE RIGHT INTERNAL MAMMARY ARTERY INTO THE 

RIGHT VENTRICULAR MYOCARDIUM 

by 

BENJAMIN O. ZAMORA, M.D. 

A thesis submitted to the Faculty of 
Graduate Studies and Research in par
tial fulfillment of the requirements 
for the degree of l1aster of Science. 

Depar"tment 0 f Experimental Su rr;ery, 
McGill University, 
Montreal. 

@ Benjamin O. ~amora 1966 

April, 1966. 



( 

DEDICATION 

TO MY MOTRER, FA/fHER AND MARY IN 

DEEP APPRECIATION FOR HAVING MADE 

THIS POSSIBLE. 

" 
~.: •• I •• 

.1 
! 

l 

1 

i 
i 

1 



(i) 

PREFACE 

After many years of trial and error it now appears 

that it is possible to place the surgical treatment of coronary artery 

he art disease upon a rational, logical and factual basis. There is no 

longer any doubt that coronary artery disease, whatever its cause, 

is an obstructive disoase which, like other vascular obstructions 

elsewhere in the body, can only be relieved by surgical measure. 

Any surgical procedure designed for the relief of 

myocardial ischemia aims at restoration of an adequate oxygenated 

blood supply ta the myocardium in order to : 

(1) relieve anginal pain 

(2) prevent myocardial fiber 1055 

(3) restore myocardial function. 

To attain this objective new multiple arteriolar or 

larger anastomosis must be made between surrounding ~stemic arteries 

and the coronary arteriolar network of the right and left coronary 

~stem. Ideally, many arterial channels are needed in order to be 

sure that the summation of flow is as great, or greater than the total 

capacity of the patientls coronary arterial ~stem prior to the onset 

of disease. 

Developing such an operation is synonymous to imple-

menting a surgi cal method for coronary artery insufficiency that will 

be capable of total and complete myocardial revascularization. In 

short this has been our aim in the development of the right internaI 

mammary artery implantation to the right ventricular myocardium. 

Dr. Arthur M. Vineberg, Department of Cardiac Surgery, 
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CHAPTER l 

INTRODUCTION AND PURPOSE 

lnapite of the tremendoua progreas in the field of 

cardiovascular surgery wi thin the pest few decades, deaths due to 

heart disease are still one of the top ranking causes. 

The gravi ty of the problem and the urgent need for 

its solution are reflected in the public health statistics of several 

oountries which reveal this disease to be one of the principal causes 

of death in the adult population. It has been estimated that 

approximately wo thirds of the deaths from heart disease mBù' be traoed 

directly or indirectly to coronary artery insufficienoy. (Ro,,,e 1960). 

As regards treatment, the value of medioal management is 

well aocepted, even "Ti th i ts lirui tations. \fuile the controversy over 

the different procedures of revascularizaUon for an ischaemic he art 

still continues, it is however now widely accepted that surgery has a 

definite place in coronary arteriosclerotic heart disease. Surgi cal 

measures employed range from card:tac denervation (Jonnesco 1920) for 

relief of aneina by employing a oervico-thoracio ganglionectomy, to 

implantation of a systemic vessel wi th.in the left ventricular myocardiuru 

aa advocated by Vineberg as early as 1946. Fifteen years of experience 

ha.a shown clearly that an internal mammary artery implanted into the 1eft 

ventricular wall forma ma.tl3' anastomoses wi th the ventricular arteriolar 

systems. (Vineborg, A.H. 1946, 1947, 1949, 1953, 1955, 1958). Inspite 

" . 
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of this invaluable finding, certain anatomico-pathological facts 

quickly showed the limitation of this initial procedure. \>lith this 

point in mind the quest for additional procedures to revascularize the 

entire myocardiol system led to the development of the Ivalon Sponge 

Operation (Vineberg et al. 1958,1959,1960), and Epicardiectomy, 

Sero-Pericardiectomy and Free Omental Graf't Operation, combined with 

left internaI mamma~ im~lantation (Vineberg et al. 1962, 1963, 1965). 

These anatomico-pathological findings could be aptly 

summarized as follows 

1. In man the right corona~ arte~ is predominant in 50% 

of the cases, i.e. this arte~ supplies aIl of the right 

ventricle, poster1.or half of the interventricular septum, 

and a large part of the posterior wall of the left ventricle 

(SChlesinger 1940). Gross in 1921 and Barnes in 1940 

showed that in approximately 75% of he arts Most of the 

poster1.or ventl'icular surface is supplied by the right 

coronary artery. 

2. Hult.iple involvement of corona~r arteries by atherosclerosis. 

3. Progressive nature of coronary atherosclerotic disease. 

4. Inadequacy of the internD.l mamma~ artery to supply the 

entire heart. 

These anatomico-pathological facts are the reasons therefore 

for an operation which will revascularize the entire heart, and for this, 

the implantation of the right internaI mammary artery to the ri~ht 

ventricular myocardium was conceived and subsequently developed. 
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The development of this procedure has an additional 

twofold purposel first, to prove without any reasonable doubt, that 

the right ventricular wall, and subsequently, the posterior inter-

ventricular wall of the heart could be revascularized directly through 

implantation of the right internal mammary artery. 

Secondly with regard to the clinical application of 

this method, its indications whether it is needed singly or in 

combination with the other revascularization procedures as the case 

might demande 

JI 
f 
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CHAPTER II 

AlTA'IDHY OF THE HEART AND THE CORONARY 

VASCULAR SYSTEH l'lITa SPECIAL REFERENCE 'ID THE RIGHT VEllTRICLE 

The advent of cardiac rru.rgery had placed great importance 

on the anatom,y of thia organ; reviving ri th great interest the 

descriptions of BUch masters in the art e.a Ves.aI.iua, Vieussens and 

others. lfumerous nomea could be added wi thin a span of a century, 

and in this list we ci te a few, specifically \{earn (1928) and 

Grant (1929). Based on a sound knowledge of this anato~, cardiac 

surgery progressed tremendously in a11 i ts aspects, and. w:i th this goes 

surgery for coronary heart dieease. Praotically all the newer 

surgical procedures for coronary heart disease have been based on a fuller 

and new understanding of the pertinent underlying anatomy (Kato, 1964). 

GENERAL DESCRIPTION OF THE HEART 

The heort is a hollow muscular organ, ai tuated in the middle 

mediastinum enclosed in a fibro-serous sac called the pericardium. The 

cavit,r of the fully developed heart is completely separate~nto right and 

left halves by an obliquely placed 10ngi1,-udinal septum, and each half 

consists of a posterior, receiving chmnber - the atrium - and an anterior 

ejecting chamber - the ventricle. Externally a comparatively shallow 

constl~iction, the atrio-ventricular groove, indicates the separation 

of the atria from the ventricles; internally a \dde aperture is left 

between the 10\ofer port of each atrium and the posterior port of the 

corresponding ventricle. Each atrio-ventricular orifice is provided 
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wi th a val va ,"hich allows the free passage of blood from thG atrium 

to the ventricle, but effectively prevents its return. (Cunningham 1951). 

The four chambered heart (consisting of right and left atria, right and 

left ventricles) somewhat resembles a short cone, and is described as 

having a base and an apex, and three surfaces, sterno-costal, diaphra.gmatic 

and left or pulmonBr,1. The base of the heart faces posteriorly and 

consista largely of the left atrium, but the right atrium forma its 

right border. The great veins - the four pulmonBr,1 veina, the superior 

vena ca.va and the inferior vena cava - enter the base, which iB therefore 

the part of the heart that is attached to the posterior pericardial wall. 

From the ba.se the heart projects downwards to the left, and forward, to 

end in a blunt apex that is formed mainly by the left ventricle. The 

surface of the heart from the base to the apex i8 directed largely 

inferiorly and is the diaphrB.é?llatic surface. The sternocostal surface 

i8 anterior. The right margin is actually largely inferior being 

the fairly sharp edge between the diaphragmatic and sternocostal surfaces, 

and has been more commonly ca1led the acute margine (Hol1inshead 1962). 

THE PERICARDIUH 

The pericardium is the fibroserous Bac that encloses the heart 

and wi th i t occupies most of the middle mediastinum. 

The pericardium is divided into two basic la.yerB, an outer 

fibrouB lBù'er and an umer BeroUB lBù'er. 

T~e outer fibrouB layer is a strong, denBe lBù'er of inter1acing 

collogenous bundles wi th a network of elastio fibers in i ta deepest part. 

(Popa, G. T. et al.). 
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Below i t blends wi th the central tendon of the diaphragm, 

to which it is firmly bound in front and on the right (Pericardiophrenic 

ligament) • ~le union to the diaphragm elsewhere is looser. The 

pericardium is pierced by the inferior vana cava and blenda wi th i ts 

adventi tia. At its apex and poster:1ozly it ia gradually lost upon the 

great vessels uhich enter and emerge from the heart, and i t gi ves ahea ths 

to them - namely the aorta, the two branches of the pulmonary trunk, the 

superior vena cava, the four pulmonary veins, and the ligamentum arteriosum. 

Behind the pericardium is bound by loose connective tissue to the structures 

in the posterior mediastinum. On 1 ts lateral aspects i t is a.d.herent to 

the mediastinal pleura, except where aeparated from it by the phrenic nerves 

and their accomP&~g vessels. In ~' .. ont the pericardium forms the 

posterior boundary of the anterio~ mediastinum. Two variable, fibrous 

strands, the sternopericardial ligaments, connect the pericard1um above and 

below with the posterior surface of the sternum. (Gardner et al. 1963). 

Congeni tal absence of the pericardium has been recorded 

(Hoore 1925). There were no noticeable effects on the heart in BUch 

instances. 

Serous Pericardium. ~s io a closed sac, the outer parietal 

layer of \d1ich lines the inner surface of the fibrouo per1cardium and is 

renected onto the heart where i t is termed the v:iroaral l~er or the 

epicardium. As the visceral layer 1s reflected onto the heart, 1 t 

partially ensheaths the great vessela. The visceral and parietal layera, 

the opposing surfaces of which are lined by mesothelium, are separated by' a 

potential space, the pericardial cavit,y, and are moistened by a film of 
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i fluide The majori ty of the greo.t vessels receive only partial 

coverings from the visceral l~er; thua the superior vena cava is covered 

in front and on each side; the pulmonary veins in front, above and below; 

and the inferior vena cava in front and on each side. The sorta and 

the pulmonary trunk are enclosed to~ether in a complete sheath of the 

visceral l~er. Therefore, when the pericardial sac is opened from 

the front, it is possible to pass a finger behind them and in front of 

the atria, from the right to the left side, through a passage called the 

transverse sinus of the pericardium. The spaces which intervene between 

the vessels which receive partial coverings from the serous pericardium 

are also called sinuses; and the largest of them, whioh is called the 

oblique sinus, is bounded below and on the right by the inferior vena cava, 

and above and on the left by the lower left pulmona.ry veine (Cunningham 1954). 

BLOOD AND NERVE SUPPLY OF THE PERICARDIUM 

The fibrous pericardium and the parietal llliYer of the sercus 

pericardium are supplied by the perioardiacophrenic branches of the internal 

mammary ar.taries and by pericardial branohes of the bronchial, E"o6ophageal, and 

superior phrenic arteries. The epicardium is supplied by the coronary 

arteries. 

As regards ita nerve supply, the fibrous pericardium and the 

parietal l~er of the serous pericardium are supplied by branches of the 

phrenic nerve. These branches contain vasomotor and sensory fibers. 

The epicardium is supplied wi th vasomotor and sensory fi bers from the 

coronary plexus, but no pain results !rom stimulation of the epicordium. 

(Gardner et al. 1963). 
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lUGHT VENTRICLE 

The right ventricle as with the left ventricle is composed, 

from vi thout inWB.1'ds of epicardium, ID,Yocardium and endooardium. The 

epicardium or the visoeral lB\Y'er of the sarous perica.rd.ium was discussed 

in the previous paragraphe 

The ~ocardium is composed mainly of cardiac muscle fibera. 

It also containe connective tissue septa, which delimit bundles of oardiac 

muscle fibera, and a conneotive tissue skeleton, whioh supports and gives 

attaolunent to the musculature. The thiokness of the II\Yooardial l~er is 

proportional to the emount of work that i t does, thereby the wall of the 

right ventricle is very muoh thinner as oompared to the 1eft, the pressure 

in the pulmonary trunk, (Fig. 1) being muoh lover than that in the aorta. 

Erlernally, the right ventriole is triangular in forme Ite 

base is directed upwards and to the right, and, in the greater part of i ta 

extent, it is oontinuoua vith the right atrium, vith whioh it oommunioates 

by the atrio-ventricular orifice; but its loft and upper angle is freo from 

the atrium, and gives origin to the pulmonary trunk. Its inferior wall 

reste upon the diaphragme The left or septal wall bulges into i ts 

interior, and on that account the transverse seotion of the oavi ty has a 

semi-lunar appearance. (Cunningham 1951). 

The interior of the right ventriole oonsists of a oavi ty that 

reaembles a bent tube. This cavi ty ie made up of wo parts; an inf'eriol' 

portion or body, which oommunicates vith the atrium through the atrio

ventricular orifice; and an antero-superior part - the infundibulum -

which onds in the pulmonary trunk. ~li thin this trunk is the valve of 

the pulmonary artery whioh oonsists of three valvules or ousps. These 

f 
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cusps are named according to their approximate position, the anterior, 

right, and left semilunar valwles. At the middle of the free edge of 

eaoh valvule is a thickening, the nodule, and the thin margin on each side 

of the nodule is the lunula. The val.. vules are normally forced tightly 

together by the pressure of blood in the pulmonar,y trunk after the ventricle 

has contracted and is relaxing, and the pulmonar,y valve thus prevent 

regurgitation of blood into the ventricle. 

Opening below and into the right eide of the right ventricle 

is the right atrio-ventricularostium • On the ventrioular side this 

ostium is protected by the right atrio-ventricular or Tricuspid valve; 

the three leaflets or cusps of this valve are attached at their bases to 

a fibrous ring that surrounds the atrio-ventrioular ostium and the free 

edgee of the cusps in the relaxed heart protrude into the right ventricle, 

where they are attached by fibrous corde the ohordae tendinae, to the ende 

of the protruding, nipplelike papillary muscles. The three cueps of 

the valve are ventral (usually called anterior), dorsal (usuaJ.ly called 

posterior) and septal or medial. There is usually, one large anterior 

papillar,y muscle, \Illioh sends ohordae tendino.e to both the anterior and 

posterior cusps. The papillar,y musoles and chordo.e tendinae prevent the 

cu8ps of the valve t'rom being everted into the atrium by the pressure 

developed in the contracting ventricle; this pressure closes the valve, 

and as the eize of the ventricle decreases during contraction the papillary 

muscles aleo oontract so that they main tain constant tension on the cusps. 

(Hollingahead 1962). 

The ridge-like bundles of muscles projeoting into the cavi ty 

of the ventricle are called the trabeoulae oarnae. A particularly prominent 
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Interior of the heart showing the relative thickness 
of the right ventricle as compared to the left ventricle. 
(From textbook of human anatomy edited by Hamilton -
Hcl1illan Book Company.) 
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one st the apex of the ventric1e that passes from the interventricular 

septum to the base of the anterior papi11ar.1 muscle is the septomarginal 

trabeoulae former1y known as the moderator band. This containe the 

right CI"Ul<i of the strio-ventricular bundle. This modified trabeoulae 

haB been variously designated in the paet as the trabecula of Leonardii, 

and the 1imbic ~ of ~. The significance of this myooardial bridge 

is that, when present, it conveys the terminal part of the right stem of 

the bundle of His; it does not serve, as former1y fanoied, to restrain the 

heart wall from overdistension. (Licata 1954). 

THE CORONARY VASCULAR SYST»! 

The coronary arteries and veins, BO named because the.y moke 

a ring or orown about the middle of the heart, have been known for centuries. 

It is only within the past few decados, however, that great emphasis hae 

been given to oertain detai1s of the struoture of the vesse1s nourishing 

and. draining the heart in re1ationship to diseases of the heart. This 

emphasie reflects the rising rates of i11neas due to disease of the 

ooronary arteries and recognition that details in the structure and 

funotion of the b100d vesse1s of the heart are olosely re1ated to possible 

disturbed mechanisms both in certain forma of heart disease and in the 

invo1 vement of the heart by extraoardiac disease (Lioata 1959). 

M~ excellent investigations of the ooronary arterial anatomy 

have been pub1ished. Fundamental studies of the ooronary arteries have 

been contributed by Banchi (1903, 1904), Pi quand (1910), Gross (1921), 

Crainiciaou(1922), Spalteho1tz (1924), Grant (1927), Wearn (1936), 

Schlesinger (1940), Truex and Copenhaver (1947), Soderstrom (1948), 

DigufliPlmo (1954), James and Burch (1958), Ravin and Greever (1946) 

1 
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Day (1957) and Barry and Patten (1960). The desoriptions given by 

different investigators vary in the some detail but in general, the 

discrepanoies, especially those of the latter authors refer to either 

the small branohes or to the anastomatic circulation. 

The orifices or openings of the coronary arteries are 

ordinarily the apertures in the wall of the aorta through which blood 

passes into the ooronar,y arteries. The orifices, or ooronary ostiums, 

are funnel shaped depressions, somewhat rounded in oontour, and ordinarily 

are found. near the oenter of the sinuses of Valsal va, which are guarded 

by the right anterior and left anterior le81ïets of the aortic valve. 

In the majority of hearts, there is one orifice for the right coronary 

artery in the right arterior sinus of Valsal va and one orifioe for the 

left coronary artery in the left anterior sinus of Valsal va. 

Main arteries form a oomplete arch around the coronary sulcus. Off 

this comes a seoondary arch lying in the interventricular sulci. The 

major branches are on the surface. The branohes of the ooronary arteries 

then penetrate the m;yocardium and form four arteriolar zones - the right 

ooronary, anterior descending, oiroumflex and septal. (Vineberg 1959). 

The Rie;ht Main Coronary Artery leaves the ostium and runs from 

the aorta toward the right and anteriorly behind the base of the pulmonary 

artery and i ts sinuses of Valsalva, and in front of and under the right 

auricular appendage (Fig. 2). This artery continues in the atrio-

ventricular sulcus on the posterior surface of the heart (Roberts, J.T.j1959) 

From this point on variations occur from one specimen to another according 

to a reciprocal arrangements with the terminal circumflex branoh of the 

1eft ooronary artery for supply±ng the poaterior surface of the heart. 
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1,'bURE 7: Hadiai'raphic picture of t.he ril~ht caranar.'! art.er.'l and 1 b 
branches as demanstrat.ed Dy the Schles:inl~~r r3.::lio-onaquo 
mass (normal dOi~;, hoart). 
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According to Gross (1921), the right coronar,y artery terminates near 

the ooute margin of the heart in four per oent of hearts, near the 

crux in ten per oent, between the orux or posterior interventricular 

SulCUB and the obtuse margin of the heart in sixty-oix per cent and 

near the obtuse margin of the heart in the remaining twenty per cent. 

This agrees wi th the finding of Barnes (1940), (Fig. 3), tha t in 

eeven5l-four per" cent of hearts most of the posterior ventricu1ar surface 

ie supplied by the right coronary artery. The branches of the right 

coronar,y artery are intermediate in size and often not speoifioally 

named. Alter branohes to the wall of the aorta (such as the vasa 

vasorum), there are one, two or three anterior ventricular branches, 

uoually one lateral branch, one right posterior ventricular branch, and 

one to thr~e, or even five, left posterior ventricular branches, in 

addition to the larger posterior deeoending branch occurring in ninety-two 

per oent of oases. From the right ooronary artery, atrial branches 

pass over the i'ront,side, and book of the right atrium and to a variable 

degree, over the book of the laft atrium, wi th practically alw~s one or two 

anterior atrial branches and one lateral atrial branoh, in addition to one or 

two right posterior and left posterior atr1al branohes. From these branohee 

of the right coronary artery, specifie ~e ta the SA node and AV node 

are uaually desoribed, as well as branches to the AV bundle of His and i te 

right branch. 

Anterior Deaoending Artery ia possibly the moat oonspieuous 

blood vessel of the heart and has been given most attention by pathologiste. 

Thia artery ia one of the direct branche a of the left main coronary artery 

and ia a sturdy short vessel running from the left coronary ostium in the 

left anterior sinus of Valsalva, up to its bifurcation which is usually 

between l mm and l cm from the wall of the aorta. The anterior deacending 
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FIGURE 3; Common patterns in the distribution of coronary arteries 
(right and left) on posterior surface of human heart. 
(From Barnes, according to Campbell and cit~d by Roberts, 
1961). 
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rrom i ts origin then runs downward in the anterior interventricular 

SulCUB toward the apex or the heart, giving branches to both ventricles. 

The ventricular branches or the anterior deacending artery are several; 

they pass rrom an acutely angled origin to the right and across the 

anterior surrace 01' the infundibular part or the right ventricle, and 

lower down over i ts anterior wall. Arising at a similar ang:le are 

Beveral other vessels, approximately l mm. in external diameter, which 

l'un to the lert and apically over the anterlor surrace or the lert 

ventricle; these anostomose wi th each other !rom above and below, 

and also wi th the end twiga 01' the descending branches or the le1't 

circumi'lex coronary artery, espeoially with the above obtuse marginal 

branches. 

The lert circumfiex coronary artery is a large artery 

averaging wo to rour mm. in enemal diameter but varying in i ta aize 

according to a reciprocal arrangement wi th the other arteries. From 

i ta origin i t passes under cover or the lert auricular appendage rorward. 

and then curves toward the lert in the anterior le1't part or the AV SulCUB, 

in !ront or and above the fibrous ring and anterior leaflet or the mitral 

valve. In the rirst 3 to 5 cm. or its oourse, it is hidden in the l~er 

or adipose tissue and rrequently a rew atrands or cardiac muscle. Running 

parallel to i t and Buperficial or anterior to i t is the sreat cardiac vain, 

as i t uni tes wi th the large atrial vein to rorm the orig.in or the coronary 

sinus. This vein liee at rirst inferior or apical to the artery, then 

anterior or superricial to it, then cranial or auperior to the artery. 

The artery then leaves i ts olose atta.chment to the coronary sinus as i t 

approa.ches the obtuae, or lert, margin or the heart, where it lies on the 
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int'erior . or apical 1'loor or the sinus. The arter.y ends usually between 

the obtuse margin or the heart and the crux or posterior interventrioular 

sulcus but ocoasionally m~ continue into the sulcua as the poaterior descend-

in&, coronag arter;r. Branohes or the lert ciroumflex ooronary artery 

arise at a rather obtuse angle wi th this trunk and descend almost 

parallel to i t toward the apex but orossing somewhat more toward the 

lert in general direotion. In the great majority or hearts (23 and 45'i'b) , 

there are two or three obtuse marginal branohes, but sometimes as m~ as 

rour, rive or six auch branohes descend !'rom the artery over the rounded 

or obtuse margin or the 19rt ventricle toward the apex where the join in the 

anastomosis near the vortex anostomosing with terminal branches or the 

lert anterior descending artery and the right coronary artery. (Roberts 1959). 

VARIATIONS ON THE ceReNARt ARTERIAL PATTERN 

The coronary arterial system is not the same on all hearts. 

Acoord:ing to Gross (192l), the right coronary artery is predominant, i t 

supplying the poaterior ventrioular surrace in 70% to 7rffo or hearts. 

Adaohi (1928) aummarized the distribution or the coronary vessels in 359 

human hearts. He stated that 67.7% had an essentially balanced 

ooronary artery system, 26. e%, the right ooronary artery was predominant 

and in 10.7% the lert coronary artery was predominant. The rindings or 

Gross agree ~Ti th the rindings or Barnes, tha t in approxima tely 74% or 

hearts, most or the posterior ventricular surrace is aupplied by the 

right coronary artery. According to Schlesinger (1940), in about one 

halr (48%), the right coronary artery predominatee (Group I), i.e. this 

artery supplies all or the right ventricle, posterior halr or the 
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interventricular septum, and a large part of the posterior wall of 

the left vontricle. In about one third (34%), the blood eupply is 

balanced between the two coronary artsries (Group II), i.e., the right 

coronary supplies only the right ventricle and the posterior half of 

the interventricular septum and the left coronary artery supplies the 

left ventricle and the anterior half of the interventricular septum. 

The emaller group (18%) includes those hearts where the left coronary 

artery predominates, (Group III), i.e., the left coronary m~ supply the 

whole of the left ventricle and the entire interventricular septum 

anteriorly and posteriorly and also m~ eupply a part of the right ventricle 

over the posterior surface and anteriorly in the region around the 

pulmonary conus and on the right ventricular side of the anterior descanding. 

In fifty par cent of cases there is a third ameJ.ler coronary 

artery, the conus arter:y, which arises directly from the right anterior 

sinus of the aorta and supplies the conus arteriosus. (Schlesinger and 

Zoll 1949). 

PENETRATING OR PERFORATING CORONA!« ARTERIES 

These channels are most important and are qui te variable in 

nwnber, location, and pattern of secondary branching. In genereJ. they 

arise from the deep or buried wall of the main coronary trunks. Some of 

the penetratine- arteries pass directly into the lI\Yocardium at an angle 

which may be Mute, perpendicular or obtuse, as well as tortuous in Bome 

cases. \fui tten (1940) believed tha t the perfora ting branches from the 

vessels aupplying the right ventricle penetrated at a more Mute angle to 

the surface of the heart than those penetrating into the myocardium of the 
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left ventricle, and fel t that this accounted for less bending of 

those in the right ventricle, thereby protecting them from injury 

leading to atherosclerosis. Other authors have been less impressed 

with this variation. (Gross and Kugel 1933). 

INTlW1YOCARDIAL PLEXUS OF CORONARY ARTERIES 

Wlthin the myocardium, the perforating or penetrating ooronary 

arteries fulfill their most important functional role of bringing arterial 

or o~genated blood to a richly branching and anastomosing intramyocardial 

plexus of arterioles, capillaries and veins Which penetrate all parts of 

the ~ooardium in the four chambers in such a way as to form a network of 

capillaries around each muscle fiber. There is great variation, however, 

in the pattern of the larger intramyocardial arteries; there is aleo 

disagraement about possibly important relationships of suoh vessals to 

bundles or subdivisions of the vantricular muscle. Acoording to earlier 

workers, the penetrating branches in general pass through the ~ocardium 

until approaching the endocardium. From thase penetrating branohes, 

horizontal branches pass in the connective tissue septa o~ planes between 

the severaI l~ers of the ventricular musculature. (Roberts 1959). 

EllDOCARDIAL CORONARY ARTERIES 

The endooardium, espeoially in the thioker left ventricle 

and in the papillary muscles of both ventricles, is supplied in several 

w~s from ei ther the superficiaI coronary arteriea or the cavi ty through 

the so-called luminal ohannela. Arising from the superficial ventricular 

arteries, the endocardial arteries are terminal aman twigs from larger 

penetratincr vessels which have penetrated only a third or more of the 
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distance from the epicardium to the endocardium; in some cases they 

are horizontal plexuses of vassels in the endocardium arising from 

larger penetrating arteries that pass trom the epicardial layer to 

near the endocardium before breaking up into terminal plexus. 

ARTERIOLUMINAL CHANNELS AND SINUSOIDS ( Fig. 4). 

~le presence or absence of these channels and sinusoids 

had been the subject of controvarsy ever since VieUss9ns in 1706 and 1715 

published the resul ts of his bl'illiant studies on the heart, demonstrating 

openings of amall size in the endocardium of both ventriclas and more 

commonly in the lining of the a tria. Thebesiue in 1708 also demonstrated 

a connection between the coronary veins and the openings in the heart 

wa.lls. His axperiment, simple and convincing, consisted of blow1ng 

air into the coronary veins vith the heart immersed in water and observing 

the bubbles of air escape through the openings in the heart wall. In 

1198, Abernethy confirmed the resul ts of Vieuoseno, and, while he did 

not !ully appreciate the silÇlificance of his findings, hio experiments 

demonstrated vascular communications between the chambers of the heart 

and the a.rteria.l side of the coronary circuit. Wearn et al (1933) 

described three typeo of BUch connections a.ccording to their chara.cteristica 

of wall structure and lumen. Some of thes9 arteriolumina.l channels were 

arterioles or vessels with relatively thick walls and lumens 10 to 30 ~. 

in diameter. In otiler areas or sections the vassel was laso clearly 

arterial, \dth less muscle in the wall, but WBS arterial in function, as 

shown by tracing ba.ck through the reconstruction to an origin from a 

coronary artery. A third variation was found in channelo with very 
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showing its complexities. (Vineberg 1959). 
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thin walls and lumens of variable aize and shape, sorne of whioh 

reoombled ordi.na.ry capillariea and others of which beoame expanded 

into large ohannels with irregular oontour and diameters of 30 to 250 u. 

The latter were called sinusoids beoauae th&,y reaombled the sinusoid 

described in other organs. Sorne of each of these t.ypes of channels 

end directly in the pores or openings of the endooardium wherea.s others go 

through intermediate phases of capillar.y networks and venular struoture. 

Sorne of them oommunicate directly with the venoluminal channels which 

connect the lumen of the chambers wi th the fine terminal tributaries 

of the coronar.y veins. Vessel s of this group are of the t.ype 

originally deaoribed by Thebesius. 

INTERCOROHARY AlID EXTRACOROlrARY ANOSTOl10SIS 

Anostomosis between the several parts of the ooronary system 

are theoretically of great importance. The existence and significance 

of eaoh of these anostomoses has caused muoh controversy becauoe of use 

of various technical methods, often inadequate, by various writers, and 

perpetuation of dogmatic opinions by' authorities who gave little evidence 

of having usedakillfu1ly enough the available methods for studying such 

vessels. The conoept that eaoh coronary artery and eaoh of its branches 

was an Il end. artery" in the sense used by Conheim and others has been 

based upon failure of thiok viscid injeoted materials to pass from one 

vessel into others under the pressure used; infarction and death of 

animals a.fter experimental ligation of coronary artery branohes; and 

inoomplete inspeotion of the oonneotions between vessels in gross 

specimens and. injeoted hearts (Roberts 1959). 
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It now seems established beyond question (Gross 1921; 

Schlesinger 1938, 1940; Prinzmetal 194'7; and Many others) that the 

intercoronary anastomoses are fairly abundant between adjacent branches 

of the coronary arteries at all levels of branching. Careful dissection 

of the terminal branches of the coronary arteries, especially near the 

apex, often reveals intercoronary anastomoses which are visible to the 

unaided eye without injection. After injection of coloured, coagulable 

or radio-opaque material, numerous anastomoses between the coronary arteries 

are visible on inspection, dissection, differential corrosion and radiography 

material, numerous anastomoses between the coronary arteries are visible 

on inspection, dissection, different1.al corrosion and radiography of 

specimens •. These anastomoses are usually of capillary or arteriolar 

size, except for occasional ones of small arterial or larger size. 

According to Blumgart et al. (1947), only 15 per cent of normal human 

hearts were found to have interarterial communications of 30 to 80 u. 

(micra) in diameter. Prinzmetal and others (194~injected graduated 

glass spheres and radioactive red cells into tho coronary arteries of 

normal human hearts and concluded that the largest intercoronary 

arterial communications range from 70 to 180 micra in diameter 

(approximately the diameter of arterioles). They also found that the 

thebesian vessels ranged from 70 to 220 micra in diameter, and that 

there are direct arteriovenous anastomoses of 70 to 170 micra in 

diameter, with no significant difference between those of the two 

ventricles. 

The extracoronary anastomoses have generally been ignored 

in dissections pnd clinical management of patients, but recently attention 

has been r,iven them as possible sources for supplementary coronary artery 

blood flow, either natural or induced. Very little really has been 
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written about the anostomosis between branohes of the coron~ arteries 

and branches of the sorta outside the heart. In a classic study by 

Hudson et al (1932), the existence of extracardiac anostomosis and 

their possible contribution to coro~ blood flow was plaoed on a firm basis. 

By injection into the coronar,y arteries, the branches of the coronary arteries 

around the ostia of the pulmonary veins, pulmonary artery, the superior 

and inferior vena cava, the root of the sorta, and the peri cardial 

reflections about the large veasels were olearly demonstrated and found 

to anastomose wi th branches of the internal mamntary arteriea and other 

branches of the sorta. Through these anostomosis, injection of the 

coronary arteries under controlled conditions allowed the injected material 

to flow into the vasa vasorum of the thoracic sorta and pulmonary artery 

as well as into vessels of the parietal pericardium, diaphragm, pleural 

surface of the lungs, broohi, mediastinum, trachea and esophogua. 

Supplementing this study, Mor:i:tz (1932) reported extensive anostomosis 

between branches of the coronary arteries (especially in the fat pads around 

the coronary arteries) and the vessels supplying the parietal pericardium 

in four hearts where the pericardial cavit,y was obliterated by chronic 

adhesions. 

Although it is clear that the intercoronary and the extracardiae 

anostomoses are present in various degrees in all hearts, their value in 

protecting against ooronary disease of severe progressive nature is 

inadequate. Their potential significance, however, is indicated by the 

finding of hearts with extensively narrowed coronary arteries which have 

survived with considerable activi t,y and cardiac reserve. In such cases, 

,', 
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it is surmised that the role of the intercoronary anostomoses, the 

thebesian vessels, and the extraoardiac anostomoses must have been 

very active during Ufe. 

BLOOD SUPPLY OF THE CONDUCTING SYSTEM 

The SA node in man is usually aupplied by a large branch 

which enters the node and rune through its center while giving lateral 

branches which ~a9tomose with vessels in the adjacent atrial muscle. 

This artery of the SA node is a branch of the artery of the ostium of 

the superior vena. cava. In turn, this artery is nearly alw~s a branch 

of the right ooronary artery which arises near i ts ostium 8S one of the 

first arterior atrial arteries. These vassels ascends over the front 

of the right auricular appendage to rea.oh the aulcus between the ostium 

of the auperior vana oava and the base of the appendSf.,"'9 on the roof and 

posterior wall of the right atrium. This pattern ia present in more 

than 70% of hearts, and in 2~ of the cases, the principal stem of the 

artery of the ostium of the auperior vena cava arises !rom the end. of 

the left coronary artery as a branch of the circumflex branch of the 

left coronary artery when it forme the posterior descending artery. 

In some of the other hearts, the artery of the SA node arises from both 

coronary arteries. The AV node is aupplied by a posterior atrial artery 

aupplying the poeterior wall an~ortion of the atrial septum. This 

artery arises in about 92"~ of hearts frOIn the posterior portion of the 

righ. t coronary artery. The right stem of the AV bundle uauaJ.1y receives 

most of its b100d aupp1y from perforating septal branches of the anterior 

deecending branch of the 1eft coronary artery as they penetrate the 
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interventricular septum. The left stem is supplied by interventricular 

septal branches from both the right and le!t coronary arteries, chieny 

from the anterior descending branch of the left coronary artery and some 

small vessels from the posterior descending artery, which is usually a 

terminal branch of the righ t coronary artery. The Purkinje !ibers 

receives its blood supply !rom the varioUB branches of the two coronary 

arteries supplying the myocardium of the area. (Roberts 1959). 

CARDIAC CAPILLARIES 

The capillaries of the heart are its most essential vessel, as 

they nourish the contracting muscle cells and the other tissue elements o! 

the organ. The capillaries begin as small branches of the terminal 

arterioles which penetrate the fibrous sheath of muscle bundles, usually 

at a perpendicular or oblique angle. From the branohing arterioles, a 

network o! capilla.:ries is !ormed which wraps the individual muscle ribers 

in a basket-like covering o! small capilla.:ries. The walls of the 

cD.pillaries are in generaJ. smooth and are more or less paral1el, as seen 

in longitudinal section. Most of the capillaries are filled wi th blood 

cells, one or two or more columns in width, aa contrasted with the 

arterioles, which are usual.ly empty. The number of oapillaries visible in 

the uninjected heart is much less than the number visible after the heart has 

been injected by a relatively diluted material capable of penetrating such 

mnaJ.l charmels. This method of completely filling the capillary bed 

WD.S developed by \oIearn (1928). Later, Roberts and Wearn (1938, 1941), 

injected a large number of human and animal hearts by such a. method, !inding 

out the average supply to be 3,342 capillaries per cu.mm. in normal adul t 

human hearts which had an average muscle fiber diameter o! 13.9 micro. and 
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a ratio of one capillary for each muacle fiber. Theae findinga were 

esaentially the aame in normal hearts of rabbi ta and doga. 

THE CORONARY VENOUS SYSTEM 

The coronary veina, w:i. th the role of draining the cardiac 

capillary bed, are diatributed throughout the heart in arrangements which 

mor~ or le as reaemble thoae of the diatributing channela of the coronary 

arterlea. 

The venous drainage syatems of the myocardium are as followa 1 

(1) The superficial or aubepicardial group wllich emptiea into the 

right atrium and consists of the anterior ca:rdiac veina and the 

coronary sinus, together w:i.th associated veina empt,ying near 

i ts mou th, and, 

(2) A deeper group of veins which communicate directly with the 

cardiac chamber. 

The Coronary Sj,rlUS is the collecting channel for the lar{;."e veins 

of the heart. This usually entera on the posterior wall of the right a.trium 

through a somewhat crescentic opening measuring approximately 3 to 8 mm. in 

transverse diameter. Its tributariea; are the great, ~ and middle 

ca:rdiac veina, the posterior vein of the left ventricle, and the oblique 

~ of the left atrium, all of which, except for the last are provided 

w:i. th valves. 

The Great Cardiac Vein: This begins at the apex of the heart. 

It ascends in the anterios interventricl.Ùar groove to the coronary S\.Ùcus, 

then turns to the left, passes round the left surface of the heart, and ends 

in the left extremi ty of the ooronary sinus. It recei ves the left marginal 
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~ which ascends from the ap~x of the heart slong the left border. 

The Small Cardiac Vein begins at the inferior border of 

the heart near the apex and passes to the right to the coronary aulcus, 

in which i t turns to the left, and. ends in the right extremi ty of the 

coronary sinus. 

The lUd.d.le Cardiac Vein begins at the apex of the heat't and 

passes backwards in the posterior interventricular groove to end 

in the coronary sinus near i ts right extremity. 

The posterior vain of the left ventricle lies to the left of 

the middle cardiac vein. It usually ends in the coronary sinus but m~ 

join the great cardiac veine 

The Oblique Vein of the left atrium is a Glander vessel 

which descends on the posterior wall of the left atrium, and. ends in the 

coronary sinus. It is a remnant of the embryonic left common cardinal 

vein and i ts continuous wi th the fold of the left vena cava. 

VEINS OF THE HEART WHICH DO nOT END IN THE CORONARY SINUS 

11inimal oardiac veins of Thebesiusa These BIJlall vessels 

connect tileir orifices in the endocardial surface of the cardiac chambers 

with the venules, capillaries and sinusoids of the myocardium, and. 

probably at times directly with small arteriolaminal vessels and arterioles. 

Hany of thern are short trunks which pa.ss only through a very short 

distance of the endocardium after being the union of amall tribu taries 

in the subendoca.rdium and inner few l~ers of the myocardium. 

SIGNIFICANT DIFFF..RENCES BETWEEN CANINE AND HtJ!.W{ CORONARY ARTERIES 

In man, approximately 50% of hearts have the right coronary 
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artery predominant; 3070 have a balanced coronary circulation; and 20% 

have the left coronary artery predominant. The arterial pattern of the 

dog heart compares wi th the situation in man in which the left coronary 

artery nourishes about 85% of the heart muscle, supplying the \mole of 

the left heart as wall as portions of the right ventricle. (Schlesinger 1940). 

In the dog there is a large constant artery penetrating the 

interventricular septum wi th smaller penetrating arteries entering the 

septum from the anterior and posterior descending arteries to join it. 

The canine septal artery originates near the bifurcation of the left 

coronary artery and enters the septum diagonally in an anterior-to-posterior 

and apical direction. In human hearts the blood supply to the inter-

ventricular septum is principally proVided by 4 to 6 equally large branches 

of the left anterior descendine artery. 

The canine right coronary artery supplies most of the right 

atrium and the right ventricle, except the posterior directly adjacent to 

the interventricular sulci. It does not cross the crux of the heart, 

whereas the human right coronar,y crossee the crux in approximately 90% 
of cases. 

~le principal blood supply to the SA node in the dog is almoet 

exclueively !'rom a branch of the right coronary artery, originating !'rom 

the lateral or posterior third. The left coronary artery supplies the 

atrio-ventricular nodo. 
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CHAPTER III 

U>IDRYOLOGY OF THE HEART AND THE CORONARY VASCULAR 

SYsm1 lt/ITII SPECIAL REFERENCE TC THE RIGHT VENTRICLE 

The organs of the vascular system are among the earliest 

to begin their development and appear to be the first to ass~~ their 

functional role. Druing the first week of i te existence, the human 

embryo relies for nourishment upon its meager inherent stores. After 

implantation w:i. thin the uterus early in the second week, nutritive 

material and o:x;ygen from maternai sources becamEl ava.:Uable, but these 

must firet traverse the surrounding trophoblastic wall, and then by 

diffusion, l,each the individuaJ. oells. Rapid increase in size and 

complexity during the third and fourth weeka renders such processes as 

diffusion ineffective in distributing the materiale necessary for 

continued growth and in eliminating accumulated wastes. Thus arises 

the need for an intraembryonic system for transporting metabalites, and, 

coincident wi th this need, the vasc\Üar system is eetabliahed in i ts 

basic fom during the four th week of embryonic life. (Wilson 1959). 

The earliest identifia.ble cariiac primordia are aggregates 

of splanchnic mesodemal cells that appear in the cardiogenio plate, 

beneath the coelome They arrange themselves side by Bide as two 

longi tudinaJ. atranda, each of which gains a. cavi ty juat as primordial 

vessals do elsewhere in the embryo. These thin-walled endothelial 

tubes lie wi thin corresponding long:!. tudina.l folds of the splanchnic mesodium. 
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In the cranial half of the future heart the wo endothelial vessels 

quickly fuse into a single tube and their individual mesodermal folds 

marge into a single trough-like fold which enclosea them. As the anterior 

intestinal portal retreats in a caudal direction, thereby elongating the 

foregut,opportunit.1 is offered for these paired oardiac primordia to join 

the media.n, unpaired portion, already formed. This they do in pace wi th 

the enlar~ pericardial cavi t.1 which progressi valy incorpora tes the 

lateral coelomic canals. Thua the paired cardiac primordia merge 

progressivaly until the entire heart is a single organ. 

In embryos wi th but few somites the heart is a aimple tube 

wi thin a tube. The internal, endothelial component is destined to 1 
become the s.ctual lining layer of the endocardium; the enernal, thick 

covering gi ves ri se to the m.yocardium and epica.rdium. Such a heart 

is auspended by a mesenterieJ. attachment where the lateral margina of the 

mesodermal folda are reflected upon the ventrolateral sides of the foregut. 

This mesentery, named the dorsal mesocardium, is only temporary; i t is lost 

befora the heart haa advanced greatly. A peculiari t.1 of the mammalian 

heart, in contre.st to other vertebrates, is that there is no ventral 

mesocardium. This is becauae the coelom arises very early f:rom the 

coalescence of separate spaces and forma a oomplete oavity in the region 

of the heart before the head fold and heart as such begin to differentiate. 

The Ce.rdiac Regions 1 Even while the bilateral cardiac halves 

are merging, the.y each bear alternative dilations and constrictions which 

indicate the future atrium, ventricle ~ bulbus. The union of the bul bar 

and ventricular hal ves i8 complete in embryoa wi th some nine somites, but 
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the atria are still paired sacs. Such a heart shows at first 

three divisions. 

(1) The paired atria which receive blood from the primitive veins, 

(2) The ventricles or chief pumping region; and 

(3) bulbus cordis 

Within the next d~ or two a fourth division, the sinus venosus becomes 

recognizable as a region distinot from the oaudal end of the atrium. 

At the extreme cranial end of the heart it is convenient to distinguiah 

a fifth division, the truncus arteriosus, wh1ch the bulbus continues as 

a canal that oonduots blood into the aortic sac. (Arey, 1965). 

Establishment of External Forms 1 Between the stages of 

seven and sixteen som tes the heart beoomes unattached except at i ts two 

ends. Extending through and beyond this seme period the oardiac tube 

grows faster than the perioardial ohamber in whioh it lies, and as a 

result the heart is compelled to bend. The method of asymenetrioal 

growth is BUoh that the entire tube is thrown first into a simple bend 

and then to a spiralled S. A oontinuation of this growth process drops 

the bulbo-ventrioular loop still farther oaudad and ventrad. At the 

seme time the sinus venosus is drawn out of the septum transversum and 

i ts horns partially merge. Both the atrium and sinus shift in a 

cranial direction until both lie dorsal and cranial to the rest of the 

heart. This shi ft is caused by a more oblique position taken by the 

septum transversum. 

These changes thus result in an essential reversal of the 

original cranio-caudal relation of the primitive parts of the heart p 
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in addition the venous and arterial ends are brought close together 

as in the adul t. The growing atrium is nov constricted dorsally by 

the sinus venosus and ventrally by the bulbus trunous. For this 

reason i t can enlarge rapidly only in lateral directions, and in so 

doing forms a sacculation on each side vhich fore-shadows the future 

right or left atrium respectively. Meanwhile the right horn of 

the sinus venosus enlarges more rapidly than the left, oving to an 

important shift in the blood flow from the left side of the body Bcross 

the lines, and the sinus itself comes to open into the right side of 

the common atrlum. 

As the bulbo-ventricular loop increases in size, the 

duplication of the wall between its two limbs lags in development and 

disappears during the fifth week. The resul t is the merging of the two 

into a single chamber, the primitive ventricle, which ia separated trom 

the atria b,y a deep coronary sulcus. At about the same time, the 

ventricle developes B median longitudinal groove that indicates the 

position of an internal septum already partitioning the unpaired chamber 

into two ohambers. This enemal groove is the interventricular 

sulcus. Thus in an embryo of aix weeks the heart exhibi ta the general 

external shape and markings that oharaoterb:e it permanently. (Arey 1965). 

Establishment of Internal Forms: In an embryo of 5 m.m., 

the heart containe three as yet undivided chambersl 

(1) The sinus venosus, opening dorsally into the right 

dilation of the atrium; 

(2) the bilaterally dilated atrium, communicating, in turn, 
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by a common atrio-ventricular with : 

the primitive ventriole which is beginning to incorporate 

the bulbus into itself. 

Important changes, chiefly concerned with the elaboration 

of septa and valves, next follovs leading to the formation of the four 

chambered human heart. These developmenta includea 

(1) the partitioning of the common atrium into separate 

right and left chambers 

(2) the division of the atrio-ventricular canal into two canals; 

(3) the absorption of the sinus venosus into the wall of the right 

atrium, and of the pulmona.ry veins into the left atrium; 

(4) the merging of the bulbus into the definitive right ventricle, 

and the longitudinal division of the bulbus and truncus into 

aorta and pulmonary artery; 

(5) the partitioning of the single ven"tricle into right and 

left chambers; 

(6) the histogenetic differentiation of the cardiao wall, including 

the development of valves. 

The basis of the parti tioning of the hearl into right and 

left sides is largely laid down during the second month of development, but 

the final phases of this division and the rerouting of blood streams involved 

can not be oompleted until after birth when the placente... ce80ses to be the 

source of o~gen and lung breathing begins. In the separation of the 

primi tive common atrium into right and left chambers wo septa are directly;-

involved. These on the basis of their sequentiaJ. appearance, are 

commonly called septum primum and septum secondum. Starting as a crescentic 



-33-

ridge on the dorsocepholic part of thg atrial wall, the septum primum 

grows toward the atrio-ventrioular canal. 

A,t about the same time that this septum primwn is making 

its appearance, the first indications of the impending division of the 

original common atrio-ventricular canal into a right and left channel 

become evident. Two looal thickeninga, one dorsally, the other ventrally 

looated, appear in the walle of the canal. Theee thiokeninge are the 

endocardial cushione of the atr1o-ventricular canal. Eaoh cushion 

consiets of a mass of embryonal connective tissue, of the type 

charaoterietically appearing in the developing heart at points where septa will 

fuse, or where elaborata connective tissue etructures such as the oardiac 

valves are destined to be molded. During the sixth week of development 

the dorsal and ventral. 'oushions are brought into contaot wi th eaoh other 

by their own gro~rth, and fuse to form a common ma.ss dividing the atrio-

ventricu1ar canal. There ie then left between the concave margin of 

septum primum and the growing atrio-ventricular canal oushions a. 

progressively diminishing opening known as the interatrial foromen primum 

or oetium primun. 

\fuile these changee have been ocourring, the einus venoeus 

ha.s been shifted out of the midline so that i t opens into the atrium to 

the right of the newly formed interatrial septum. The heart iD now in a 

critical etage of development. Its simple tubular form ha.s been 

al tered so that the four chambers oharaoteristic of the adul t heart are 

clearly recognizable. But there is as yet no division of the blood 

stream because there are still open communications !'rom the right to the 
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left side in both atrium alld ventricle. A little further progress in 

the partition, however, and the wo sides or the heart would be completely 

separated. Were this to oceur in the young embryo, the left side of the 

heart would become almost li terally dry. An ineignificant amount of 

blood from the undeveloped lungs is all that would enter i t, for the 

sinus venosus into which systemic, portal and placental currents a11 enter 

has, as we have sean, come to open on the right of the interatrial septum. 

The partitions in the ventricle and in the atrio-ventricular canal do 

progress rapidly to completion but an interesting series of events takes 

places at the interatrial partition which assures an adequate suppl y of 

blood reaching the left atrium and thence the left ventricle. 

Just when i t appears that the septum primum is going to fuse 

wi th the endocardial cushione of the atrio-ventrioular canals, closing 

the interatrial foramen primum and isolating the left atrium, a new 

opening io established. The more cepholic part of the septum primum 

ruptures to form the interatrial foramen secondum. The appearance of a 

second interatrial communication just as the initial one is closing is 

of funÈmental significance, because the constant presence of an interatrial 

communication maltes it possible for the left atrium to receive, without 

interruption, a contribution from the blood entering the right atrium. 

(Patten ~1. 1953). 

Indications of the di~ion of the primitive ventricle into 

right and. left chambers appear at about the same time that the first 

interatrial septum becomes recognizable. Early in the second month the 

primary muscular part of the interventricular septum appears at the apex 
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of the ventricular bend and grows towards the atrio-ventricular canal 

oushione. For a time there remains an interventricular foramen 

between the crescentic margin of the interventrioular septum and the 

bottom of the partition in the atrio-ventricular canal. The primary 

interventricular septum grows rapidly for a time and greatly reduces 

the size of the interventrioular foramon. This reduced interventricular 

for amen instead of having i ts closure del~ed until after birth, as is 

the case in the atrium, is closed surprisingly early. Nomally all 

traces of the opening will have disappeared by the end of the second 

month. The final closure of the interventricular foramen is not, 

however, accompliahed by the continued growth of the main muscular part 

of the septum. The last remaining opening is closed by' a composite 

mass of connective tissue derived in part from the connective tissue 

margin of the interventricular septum i tself, in part from the base of 

the endocardial cushione fonning the partition in the atrio-ventrioular 

canal, and in part from the conus ridges. 

The invol V8melllt of the conus ridges in the closure of the 

interventricular foremen mekes i t necessary to teke up at this point 

the partitioning of the truncus arteriosus, for the couus ridges are merely 

prolongations into the ventricle of the ridges which fuse to form the 

septum aorticum and thus divide the truncus into aortic,and pulmonary 

stems. The partitioning of the trunous begins distally between the 

roots of the fourth and sixth aortic arches and progresoes apirally 

back through the truncus towa.rda the ventriclea. As theae ridgea grow 

the.y cut more and more deeply into the lumen of the truncus and finally 

meet to fom a complete partition, aeparately an sortio channel leading 
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into the f'ourth aortic arches and a pulmonary channel leading into 

the sixth aortic arches. The f'oot that these truncus ridgea pursue 

a spiral course as they grow toward the ventricles account f'or the way 

the ascending aorta and the main pulmonary trw:lk twist around. eooh other 

as they emerge !'rom the ventricles. The same spiralling 'b".cings 

the aortie channel around. into a position to receive the blood pumped by 

the lef't ventricle, and the pulmonary channel into a position to receive 

the right ventricular output. 

The level at which the aortie and pulmona.ry valves develope 

may be regarded as the line of' demarcation between the tTUncuS arteriosus 

and the tapering ventricular outlet called the conus. In the walls of' 

both the aorta and the pulmonary trunk three small pads of' young conneeti ve 

tissue develope and bulge into the lumen. Gradually each of' these 

buttonlike masses of' intimal connective tissue becomes molded into one 

of' the cusps of' the semi-lunar valves of' the aorta and of' the pulmonary 

artery. During the later stages of' development thore is a i'urther 

rotation of' the aorta and the pulmonary stems about eooh other so that the 

aortic outlet is carried further to the right bebind the pulmonary outlet 

than was the case at the time thase vassols were f'irst separated by the 

truncus septum. 

The f'inal closure of' the interventricular f'oramen wi th 

subsequent complete partitioning of' the ventricle, is accomplished by a mass 

of' connective tissue derived mostly f'rom the conus ridges and f'rom the 

right tubercles of' the atrio-ventricular canal cushions. This composite 

mass of' connective tisaue completing the interventrieular septum ie at f'irst 

bulky and loosely organized. As the septal cusps of' the atrio-ventricular 
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valves are molded and as the connective tissue itself becomes more 

highly differentiated, the interventricular septum at this point of 

final cloaure gradually becomes a thin fibrous sheet, known as the 

membranous part of the interventricular septum. The cloaure of the 

interventricular foramen eatabliahes a four-chambered heart which is 

completely divided into right and left sides except for the valvular 

mechaniam at the foramen ovale (Patten W. 1953) 

In order to discuss the partitioning of the heart in 

i ts logical sequence, certain thinge of less striking importance have 

been temporarily passed over, specifically the absorption of the sinus 

venosus into the wall of the right atrium and of the pulmona:ry veins 

into the left atrium. 

In embryos of about sevan weeks the superior vena cava has 

been formed to return blood !rom the head end of the embryo, and the 

inferior vena cava to serve similarly for lower levels of the body. 

Bath vessels drain into the right horn of the sinus venosus. Between 

th~ixth and eighth week the atria inorease rapidly in size and the 

right horn of the sinus venosus, failing to keep pace, ia taken up into 

the wall of the right atrium. By this obsorption the superior vena 

cava oi.' necessi ty drains direotly into the cranial wall of the atrium, 

while the inferior vena cava opens into its caudal wall. Internally the 

absorbed sina! wall represents the region between the right sina! valve 

8.llli the atrial septum; i t is known as the sinus venarum and is 

charaoterized permanently by a smooth lining. The remainder of the 

atrium including all of the right auricle, gains a thick and uneven 

musoular wall. 
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The rinal relation or the pulmonary veins to the heart is 

also the result or an absorptive prooess through wlùch the lart atrium is 

markedly enlarged. In the embryos or about 6 mm., a single pulmonary 

vein drains into the oaudal wall or the lert atrium. This vessel 

biruroates into right and lert veins which in turn divide a.ga:i.n, so that 

two terminal branches drain each lung. As the atrium grows, these pulmonary 

vessels are progressively drawn into the atrial wall. As a resul t, at rirst 

one, then two, and rinally rour pulmonary veina open separately into the 

left atrium. 

UIBRYOLOGY OF THE CORONARY VESSELS 1 

The several phases in the known development or the coronary 

blood vessels are as rollows : 

(1) initial phase or nourishment and drainage or the 

predondnantly spongy wall or the heart by sinusoids; 

(2) development or the coronary veins by budding rrom the 

coronary simls; 

(3) development or the coronary arteries by budding or branohes 

!'rom the sorta; 

(4) penetration or the developing compact myocardium by 

branches or the coronary veins and arteries; 

(5) Compression or large sinusoids into capillaries with a rew 

vestigial remaina, as the spongy inner myocardial layer 

atrophies; 

(6) union or some cardiao caplllaries wi th budding regional 

lymphatic channels to rorm the cardiac lymphatic vessels. 

(Roberts 1959). 
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Phase 1 - nourishment of the heart is entire1y by 

transce1lular diffusion and by large sinusoids between the wide1y 

spaced muscle fiber trabeculae of the spongy myocardium which makes 

up practically al1 of the wall of the heart muscle during the first two 

or three weeks of embryonic life. These sinusoidal spaces enlarge, 

fuse and unit wi th each other resul ting into the central. ho1lowing of 

the pumordial cardiac tube. A sort of tidal circulation through 

these sinusoids and intertrabecular spaces occurs into which amall 

capi11aries open for both nourishment and drainage of the myocardium 

prior to the establishment of veins and arteries. 

Phase 2 - deals with the formation of the coronar,y veins, 

by budding from the ooronary sinus. Essentially the tw'O cardinal veins 

(right and 1eft) are invo1ved in its development. In the embryo of about 

three weeks, the atrium and the sinus veno:SIl.S becomes distinct chambers, 

and the two cardinal veins are drawn into the proximal end of the sinus 

venosus. The sinus venosus is then absorbed into the wall and lumen 

of the right part of the atrium, and the right cardinal vain fol1ows the 

seme fate. During this seme period the 1eft cardinal vein enters the 

right swelling of the atrium, just to the right of where the secondary 

interatrial septum is being formed. In the embryo of about the fifth 

week, the 1eft cardinal vein becomes smaller as the right has become 

1arger. As the large return of b100d from the anterior 1eft cardinal 

vein is lost by being shifted to the right side through the superior vena 

cava, persis'tence of the left cardinal vein is maintained by fusion of 

several of the amall tributaries or buds with venous channe1s which have 

been developing as drainage channe1s for the sinosoidal beds of the myocardium. 
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The four chambered heart is nearly completed in embryos of 

about fifty days of age. Both superior and inferior vana cava empty direotly 

into the right atrium, and the body of the sinus venosus has complete1y 

disappeared into the wall of the atrium. The left horn of the sinus, 

however, remaina and empties into the right atrium near the termination 

of the inferior vena cava. The terminal portion of this horn will become 

the corona;y sinus. Shortly before the appearanoe of the coronary 

arteries the cardiac veins, whioh drain into the coronary sinus, arise as 

endothelial buds from the sinus. By the 9th week of embryonic life 

the coronary vains grow rapidly along the sulci to attain virtually 

definitive distribution. (Wilson 1959). 

Phase 3 - The development of the ooronary arteries begins 

during the seventh week. At this time the coronary vassele are small 

ohannels with delioate endothelial lining, arising !rom the right anterior 

and !rom the left anterior part of the aorta. The righ t and le ft 

ooronary arteries ma.y arise approximate1y at the seme time, but the left 

seems to branch earlier into i ts anterior descending and laft circumflex 

branohas. These wo branohes, as wall as the right ooronary artery, 

extend by endothelial budding into the anterior interventricular sulcue 

and into the left and right AV sulei to reaoh their permanent position. 

The smaller branches of the eoronary arteries break up into the very rieh bed of 

smaller penatrating vassels and eapillaries found throughout the myocardium. 

Some of them make connection with the endothelium-lined spaoes, sinusoids 

and intertrabecular spaoes, forming the arterioluminal ohannels. 

Phase 4 - is the penetration of the myooardium by the terminal 

budding branohes of the coronary arteries and veins so as to communicate 
" .. 
X , 
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wi th the capillaries and spaces in the apongy myocardium. 

Phase 5 - this phase is characterized by the constriction of 

most of the intertrabecular spaces into capillaries and. small sinusoids 

resulting in the presence of the accessory coronary vascular B,Ystem 

referred to aB the thebesian gystem, or the arterioluminal, arterio

capillary luminal, arteriosinusoidal. luminal and venoluminal. channels. 

Since these channels are the result of such a complicated embryogcnesis, 

i t is not aurprising that their number, distribution and size are variable 

in the adul t hoart. 

Phase 6 - this phase deals wi th the development of the 

lymphatic system in the heart wherein really very 11 ttle i6 known. By 

inference these channels m~ develope somewhat as do others peripheral 

lymphatic vessels. After the formation of the primary lymphatic sacs 

and channels, by about the seventh week, extensions of the smaller 

ohannels trom the primary saos and channels teke place by the growth of 

endothelial sprouts. These are at first solid and thon, as they extend, 

become hollow to form lymphatio vessels. 



-42-

CHAPTER IV. 

THE PHYSIOLOGY OF THE CORONARY CIRCULATION 

The solution of problems dealing with the coronary circulation 

depends upon the development of adequate preparation and methods, and the 

overcoming of instrumental difficul ties. Suoh oonsideration should 

reveal, in part, the proper basis for the interpretation of past and 

future studies of the ooronary system. 

PREPARATIONS 1 

The objectives of studies of the ooronary ciroulation are 

knowledge of 1 

(1) the deter.minants of coronaxy flow; 

(2) determination of the o~gen uptake (Coronary flov X 

arteriovenoUB oxygen differenoe) by the myocardium; 

(3) and the rolation of the ab ove to the work of the heart 

in states of normalcy, of inorease or decreased stress, 

and of disease in man. 

These objeotives are far !rom being realized. (Gregg 1959). 

Much information has been gained, however, !rom experimental 

preparations, in whioh the coronary circulation has been studied with 

the heart in various degrees of separation !rom the rest of the animal. 

The use of the isolated, perfused heart by La.ngendorff in 

1899, laid the groundwork for the understanding of the fundamentals of the 

coronary circulation. Originally the heart was suspended and the 

coronary arteries perfused under constant temperature and pressure with 

o~genated saline through a canula in the aorta. Total venoue return 

was measured by overflow from the right atrium and ventricle. With 
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this procedure, studies have been made not only in animal hearts, but 

also in human hearts, b,y Kountz et al (1932, 1934). To obviate the 

effects of oardiac contraction and thus reduoe the number of uncontrolled 

variables, the perfuaed, quiescent or arrested heart was used by Wigge~s 

in 1909, and the fibrillating heart b,y Katz, Weinstein and Jochim in 1935. 

In the different experiments, the coronary arteries were perfUsed under a 

constant pressure or with the naturally pulsating aortic pressure. 

l-lorawi tz and Zalm (1941) developed a canula for insertion into 

the coronary sinus via the right atrium. The flow through i t waa 

pressured to quanti ta.te total venous return 1'rom the vessels of the heart. 

This investigation enabled the experimenter to study coronary flow wi th 

the bea ting heart in si tu as well as in the isolatecl heart preparation. 

However, experimental work soon showed that the ooronary blood drained by 

this channel represented only a fraction of the total coronary venous 

outflow. The reliabilit.y of the use of the method, therefore, depends upon 

the constancy of the fraction drained through the ooron&'t"y sinus. 

other methods utilized to meaaure coronary flow are through the 

use of the Pitot tube, orifioe meter, rotameter, bubble flow.meter, the 

thermostromuhr and most recently b,y the electromagnetic flow.meter. 

The thermostromuhr is usually placed aroWld the coronary artery, 

and i ts dissdvanta.ges is that i t requires a surgical procedure for plaoement 

plus problems in i ts calibration wi th fa.ilure to distinguish forward and 

backward flow. Both the orifice meter and the rotameter have been used 

extensively in investigations, and the former has furnished information 

oonoerning phasic Dow since, depending on the pressure gradient across an 
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orifice, it is sensitive to rapid changes both in volume and direction 

of flow; the latter which measures flow by i ts abUi ty to elevate 

a suspended bo~ in a vertical tube has been most valuable where 

determination of mean flow is desire~. (Rowe 1960). The bubble 

f10wmeter has been used in pharmacologie and physiologie invest~tions 

of coronary flow (Eokenhoff et al 1947) and the electrama&~etic flow-

meter has its advocates. As with any f'lowmeter the biggest prob1em 

will be its calibration, however, this disadvantage 1s offset by the 

tremendoua advantage it offers, especially the eleotromagnetic 

miniature type. 

Another method of note worth mentioning is the nitrous 

This method has been widely used for 

determining ooronary flow because of its ready application to the 

intact anaesthetized animal and to the unanaesthetized human. Certain 

basic problems are involved in the N20 method of determining coronary 

flow, not the least of which is the procedure of cardiac catherization 

where a certain amount of apprehension on the part of the subject is 

natural. In addition, placement of the catheter in the coronary 

sinus m~ be difficult based on the anatomie charaoteriatios of the 

thebesian and Eustachian values. There is a further disadvantage 

sinee the method requires a tan minute "steady state" to determine a 

single coronary flow. An even greater disadvantage is the fact that 

it ia not possible to meaaure flow continuously. 

nASAL DATA: 

In the resting state the coronary data for dog and man agree. 

\'Ii th the left ventricular oardiac work index approximately ,.5 to 4.6 kg., 
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left coronary flow approximates 12 to 85 ml/lOO gm. left ventricle per 

minute (Table 1). Alt.hough the heart can remove essentially all oxygen 

from the coronary blood in i ts passage through the myocardium, normally about 

two thirds is eX'tracted with an arterio-venous dii'i'erence of 12 to 14 ml. 

and a coronary sims value of 4 to 5 ml. This extraction changes little 

wi th inoreased stress, signit'ying that the ox\ygen supply is weIl balanced 

ri th metabolic demands (Rowe et al 1956). 

In the anesthetized dog, the circulation time fram the central 

ooronary artery to the ooronary sinus approximatea 4.5 secs. (Mena et al 1961). 

In normal patients the coronary transit time (with 1131 injection) varies 

from 6.5 to 11 secs. Exercise and nitroglycerin whioh increase coronary 

flow (nitrous exide method) deorease the transit time (increased coronary 

flow velocity) while the valsalva maneouver, which increases the circulation 

time, decreases coronary flow. (Gregg 1950). 

Oxygen uptake per 100 gm. left ventricle is 8 to 10 ml/min., 

of which a considerable portion occurs during diastole or the resting state. 

The resting metaboliam (absence of heart rate, cardiac output, and arteriaJ. 

blood pressure) during cardiac arrest by vagal stimulation or potassium 

injection in hearts with perfused coronary arteries approximate 2.5 ml/lOO grm. 

le ft ventricle per minute or about 25 to 30 per cent of that at the prior 

working level. The metabolism of the non-working (but slowly beating) 

heart, obtained by rapid exanguination is about the seme, while that of 

the fibrillating heart is considerably greater. OJCYgen consumption 

during systole averages about three times that in diastole for the seme 

periode (Paul et al 1954) 

1. 
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TABLE l 

NORMAL VALUES FOR CORONARY BLOOD FLOW IN 

THE OOG (ROWE, 1960) 

Coronary Flow,/Min./l00 Gm. or lart vantricla = 70 - 90 cc. 

Oxygen Extraction/100 co. of lart coronary blood = 10 - 15 cc. 

Work of lart ventriola (CO x BP). 3 - 5 Kg. - z.x.,/Min. 

EFFICIENCY Il Work of Lart Ventriola 
Energy Equivalent of O~gen Uaed by Lart Vantricla. 

X 100 Il 15 - 20%. 

( 
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Varioua s'tudies have indicated that the human heart metabolizes 

glucose, lactate, and pyruvate and fatty acids. Considerable variability 

has been noted in the relation of these substoowes to metaboliam, but the 

reason for such variability has not been apparent. Nevertheless, it is 

concluded that under basal postabsorptive conditions about 35 per cent of the 

energy of the heart comes from the utilization of carbohydrates, 61 per cent 

from amine acids. (Bing 1954-1955). 

Determinants of Corona.ry Flowl 

Accurate estimates of the changes in the gross vasomotor state 

of of the coronary vascular bed are of prime importance to an understanding 

of the mechaniams which control coronary flow. As in arr:! other vascular 

bed, the influences controlling coronary blood flow are comprised of both 

physical and chemical factors. 

Fhysical factorsl Coronary flow is related to the presSQ~e 

difference (effective pressure) between the central coronary artery (identical 

to aortic pressure) and the right atrium divided by the aum of the viscous 

resistances to flow in the epicardial portion of the artery and in the 

peripheral coronary bed. (Gregg 1959). Viscous resistance to flow is 

determined by the static and dynamic effects of the viscosi~ of the blood 

and the bore of the blood vessels. Since the arterial resistance is 

negligible, the mean coronary diameter and hence flow are controlled by the 

effective intravessel pressure and by two peripheral mechaniams, active 

changes in the state of the emaU mass of intravascular amooth muscle buil t 

into the coronary vessels, and the mechanical or passive effect on flow exerted 

during ventricu1a.r systole by the large extravascula.r muscle mass around the 

coronary vassols. 
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Insight into the comp1erl ty of the integrating action of 

these three f10w determinants bas been obtained frcm recording of the 

peripherel coronary pressure and the phasic, or moment to moment changes, 

in coronary inf10w and outflow in the epicardiel arteries and veins. 

At the onset of isometric contraction of the 1eft 

ventric1e, there is an abrupt decrease in the 1eft coronary inf10w 

(solil lino) or even the appearance of backflow. With the rise in 

aortic pressure, forward f10w increases initiel1y and rapid1y, only to 

decrease to a new intermediate 1eve1 in 1ate systole. With the 

onset of isometric relaxation, coronary f10w increases significant1y, 

peaking at ear1y diastole and then dec1ining progressive1y. The 

ve10scity of coronary inf10w differs aomewhat from the estimated 

intramyocardiel flow (dotted 1ine). The deficit during isometric 

contraction is caused by the compressing action of the myocardium on 

the coronary capi11aries, forcing b100d into the superficiel vesse1s. 

Ear1y in the period of ejection, the f10w excess is caused by the 

uptake of b100d in the superficiel coronary arteries; in diastole 

the excess is caused by the uptake of b100d to fi11 the previous1y 

compressed capi11aries. These demarcations of flov are much 1ess 

obvious in the right coronary inf10w pattern, which roughly resemb1es 

the prevai1ing aortic pressure curve. Thus, b100d is f10wing 

through the myocardium throughout the cardiac cycle, except poasib1y 

for a brief period in each systole in the 1eft ooronary artery. In 

the 1eft coronary artery, the systolic rate of flow is 1ess than that 

during disasto1e; in the right coronary artery, the aysto1ic rate 
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FIGURE 5: Series of curves relating variat.ions in left and right 
coronary inflow, coronary sinus, and anterior cardiac 
vein flow to aortic pressure, ventricular pressure and 
peripheral pressure. 
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of flow equals or exceede the diastolic. (Gregg 1959). 

CH.a1ICAL FAC'roRS 1 

The chemical composition of the blood and tissue fluids 

vi thin the heart has been found to be of great importance in 

determining the volume of coronary flow. Asphyxia, in which the 

carbon dioxide content of the blood increases and the oJÇy"gen content 

decreases simultaneous~ trom cessation of breathing, ia accompanied 

by a large incroase in ooronary inflow in the anaesthetized dog. 

Within thirty to sixty seoonds after cessation of respiration, the 

flow in both s.ystole and diastole inoreases averaging about 200 per 

oent, and occurs bafore any signifioant ohange in aortic pressure 

or heart rate. (Green et al. 1942). The coronary responae to 

carbon dioxide inorease and deorease pH i8 minimal as reported 

by Eokenhoff et al (1947); resulting into the conclusion that 

in Green' s experiment tho main chemical stimulus to the inorease 

coronary flov vas the anoxia, and not the hypercapnia. 

Many dynamio functions of the heart suoh as increase in 

systemic blood pressure, cardiac output, cardiac work, heart rate, eto. 

will result into active ooronary dilatation vith increased coronary 

flov, and decreased coronary resistanoe. However, the best 

correlation of coronar.y flow is vith oJÇy"gen conaumption. This is 

so beoause, sinoe normally moet oJÇy"gen is removed trom the coronary 

blood and the level of coronary sinus o~gen is fairly constant, the 

increaaed metabolic demande by the myocardium muet be met by 

increased coronary flow. Therefore, the de terminant a of coronary 

1 
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flow are Blso the determinants ibr o~gen uptake by the heart, and 

coronary flow must closely parallel o~gen conaumption. ( ·Alella 

et al. 1955, 1956; Case et al 1954; Katz, A.M. et al 1955; 

Samoff et al 1956b). 

The preceding discussion suggests that an increase in 

metaboliam (increased o~gen demand) and/or decreased supply of 

o~gen are the primary anteoedents whioh give rise to active 

coronary dilation and inoreasing ooronary flow. It oould be that 

both are effective through a local ~poxia. This general pattern 

of active coronary regulation together with the indicated passive 

control is believed to operate in most states of increased stress. 

REPONSE PATTERNS OF CORONARY CIRCULATIONSI 

The heart and the coronary system may reaot in different 

ways to various prima:ry stresses. The stresses conveniently divide 

themselves into those in which the work lood of the systemic system is 

increased or is decreased. 

(1) Corona~ response to primary stress states generall~ 

resul ting in increasod oardiao activi tyl 

Heart Ratel When the heart rate is increased considerably 

by electrical stimulation of the myoeardium, aortie blood pressure, 

minute eardiao output, and. work inerease, while the stroke volume and 

the stroke work decrease. Simul taneously, minute ooronary flow and 

o~gen usage inerease, coronary resistance decreases, ~geIl extraction 

is unohanged, but the coronary flow and. o~gen consumption per beat 

deerease. Sinee acceleration of the heart me ans proportionally greater 
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time per beat and per minute in systole than in diastole and since in 

systole coronary flow is lass than in diastole, it would be anticipated 

that increased heart rate per se ahould reduce coronary flow. Since 

it does not, it muet be that increaeed flow ie due to arteriolar 

dilatation fram the increased metabolic activity. (Gregg 1959). 

Tranefueionl Augmentation of ventricular bloed by increaeing 

venoue retur.n and hence oiroulating blood volume through infusion has a 

ciinical oounterpart in the load placed upon the human heart by transfusion. 

The inoreaeing coronary now ie partially explainable on a meohanical basie, 

Binee the elowing of the heart should increase coronary flow par beat and 

per minute by increasing diastolio time in whioh now ie greater. 

Nervous Influences 1 No cri tioal evidence has been adduoed 

that stimulation of vagal fibers to the heart oaueee coronary flow 

changee not explainable on some other baeis, such as a change in heart 

rate. However, stimulation of the cardiac fibere from a etellate ganglion 

increasee mean left coronary novae the resultant of a decreasa in syetolic 

now and a large increaae in diaetolic 1'10". (Gregg 1959). 

Exercisel It would be expected that exercise which 

increasea cardiac work vould etimulate the corol'.P..:q circulation. In 

man and dog 19ft ooronary now and o~gen coneumption increaee and the 

coronary arterio-venoue oxygen difference does not ohange. (Lombardo 

et al, 1953). 

Anemiai The coronary syetem participatee actively in the 

circulatory adjustmente to anemia. For hemaglobin valuee of 10 gm. or 

more, the syetemic oiroulation ie essentially unaltered and the 

compensation of the ooronary syetem to the decreased oxygen - carryingœpacity 



-53-

is similar to that vith ~o:xia, that is, an increased coronary now 

vi thout change in o~gen uptake. When the hemaglobin valves :reach to 

6 or 8 gr., the response of the systemic circulation is manifested by 

tachychardia, increased cardiac output and a fall in peripheral 

resistance. The coronary now may now triple, and o~gen uptske is 

considerably increased. Tho increaee in coronary flow is related in 

part to the decreased blood viscoait,y and in larger part to the active 

dilatation aesociated vith myocardial hypoxia, whioh, in turn, arises fram 

the low hematocrit and fx'om the increaeed metabolism. 

Valvular Lesions: Aoute elevation of right ventrioular 

pressure by pulmonary artery oonstriction initially decreases right 

coronary flow, to be followed quickly by a maintained increase in 

systolic, diastolic and mean flow in the right coronary artery, and to 

some extent, in the left coronary artery. Upon release, right 

ooronary flow temporarily increases still further. The coronary response 

to elevation of left ventricular pressure by aortic constriotion central 

to the ooronary oatia is similar to that with pulmonary artery stenosia. 

In both instances, the sustained flow inorease indioates a dominant 

influence of active coronary dilatation over the increased meohanical 

flow - inhibiting effeot of increasing extravascular compression which 

earlier was dominant. These maintained changee in the coronary 

circulation could well be the early reeponse in the human being to 

gradual moderate stenosis of the corresponding valves. (Gregg et al, 

1943, 1944). 

(2) Coronary Response to primary stress states gen~ly resulting 

in decreaeed cardiac activity. 
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Heart failure - The heart shares wi th other types of muscle 

the oharacteristio that an optimum exista beyond which further stretching 

reduces the force of contraction and leads to ~ocardial failuro. 

Re sul ts available indicate that in human cardiac failure, coronary 

blood flow is slightly reduced and o~gen consumption per unit weight 

of left ventricle are normal for o~gen, carbon dioxide, glucose, lacta.te, 

pyruvate, fatty acide, amine acids and ~etones. (Bing 1954-55). 

However, when consideration is ginn to the usual cardiac hypertrophy 

and increased heart weight, thore is noted a docrease in the amount of 

work performed per unit of oxygen consumed and a decrease in cardiac 

efficioncy. 

~ - Oligemic shock in doge is characterized during the 

hypotensive phase by a deorense in cardiac output, systemio blood 

pressure, cardiac work, stroke volume, stroke work, and by an increase in 

heart rate and an adequate central venous pressure. Coronary !lov and 

coronary resistance are greatly decreased. Coronary flow is generally 

greater and the resistanoe generally less than can be accounted for by a 

simple decline in arterial blood pressure. (Opdyke et al 1941). 

At the same time the oxygen uptake decreases and the coronary arterio-venous 

o~gen difference is generally unchanged. (Hackel et al. 1955). 

With restoration to normal syetemic blood pressure by rainfusion, ooronary 

!low is greater and now reeistance is lees than at equivalent arterial 

blood pressure in the pre-shock state, and the augmented flow is 

maintained after circulation failure subsequently intervenes. 

H.Ypothermiaa The associated changes that oocur which tend 

to reduce the ooronary flow are a diminution in blood and musole temperatures, 

oardiac output, heart rate, oardiac work, oxygen usage by the heart, an 

," 
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increased blood viscosit.1, and a great lengthened period of ventricular • 

systole. Opposing these factors are the relaxation of the major coronary 

vessels, which ia known to oecur with hypothermia, and dilatation of the 

coronary bed caused by the hypotension per se. As a reaultant of these 

determinants, coronary now is decreasad at lov temperature. Myooardial 

funotion appeara to be adequate. However, m~ hearts are apparently 

not too far from .failure, beoause if total venous infiow oooluaion (which 

dacreasea coronary flow oloae to zero) is now added to permit open 

cardiotomy, myocardial failure supervenes, as evidenced by elevation 

in mean right atrial preasure and post mortem findinga. This trend can be 

reveraed by perfusion of the coronary system vith amall volumes of 

o~genated blood. (Lombardo et al. 1957). 

P~yaiologic affeeta of Druga on Coronary flow and syocardial metaboliam. 

The effects of and the mechaniams of aotion of different drugs 

have been studied by different authors in the isolated heart, fibrillating 

he art , heart-lung preparation, and heart in ai tu. It is not believed that 

these studies are aignifioant except wi th the he art in ai tu, for not only 

can a drug have different effeota on tbehearts of two different preparations, 

but alao many of the drugs have extracardiac effecta on pulse rate and the 

metaboliam of other organa, on reapiration, and other activities of the 

body whioh may, in themael ve a, ao al ter the cardiac load or coronary 

vasomotor atate aa to overahadow the local ooronary effect. 

Druga may be effective in changing the myocardial blood supply 

through alteration of the blood preasure and/or vasomotor state of the 

normal and collateral coronary vasoular channels. In addition, certain 

of the drugs alter blood !low by modifying the vigor of cardiac contraction. 

,: 
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It is a simple matter to determine experimentally whether 

a gi ven d.rug increases or decreases coronary flow wi th the heart in si tu. 

Khellin, Papaverine, the ni tri tes, xanthines, acetylcholine, epinephrine, 

paradrine, coramine, histamine, all increase coronary flow, while 

pitressin decreases coronary flow. 

Pi tressinl Of the drugs used clinically this is the only 

one which decreases coronary flow by all methods of study, and increases 

the total peripheral resistance to flow, i.e., flow decreases in the 

presence of an increased central coronary pressure. (Green, H.D. 1940). 

The sustained reduction in coronary inflow ocours throughout the oardiac 

cycle following its injection into a ooronar.y artery. It is believed 

that this drug aots by direct effect on the coronary arterioles, but a 

decrease in cardiac metabolism and vigor of oontraction or an increase in 

extravascular support have not been ruled out as the cause of the flow 

decrease. 

Nitrites and Xanthinesi These drugs increase coronary 

flow by nearly all methods of study and in nearly all preparations. 

(Boyer et al 1941). This ia based on the vaso-dilating effect of these 

drugs on the coronary vessels. This could arise from a direot effeot of 

the drug on the coronary vessels, al. though a change in cardiac metabolism 

and work (decrease) oannot be ruled out as the cause of the flow increase. 

Epinephrine and Ace]llcholinea Sinoe the generally accepted 

theory of autonomie nerve transmission is based on the liberation of 

aoetyleboline and epinephrine-life substances, the coronary flow effects 

with these agents are of particular interest in connection with coronary 

innervations. In most dog preparations including the fibrillating heart, 
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heart-lung preparation, and heart beating in si tu, intracoronary artery 

injection of epinephrine increases coronary blood !low. In the latter 

preparation, its effect on the coronary !lov pattern is aimilar to tilat 

obtained during stimulation of cardiac accelerator nerves. There is 

also an associated incraaae in cardiac metabolism and in vigor of 

contraction. (MarkwaJ.der et al 1941). Regarding i ta dilating effect 

par se on the coronary vassels, the evidence is conflicting. In the 

small dose range (0.02 to 0.2 micrograms), a significant increase in 

coronary now is seen wi thout change in heart rate or blood pressure, which 

indicates a significant dilater effect on the coronary vassels. Thus 

ini Ual now a\181l1entation might then indicate a direct dilater action on the 1. 

coronary vassals, although even here, an early metabolic influence cannot 

be ruled out. At aU evants, vi th the larger doses most of the coronary 

now increase can be due to the larte increase in cardiac matabolism. 

Acetylcholine, intr~arteriaUy, increases coronary blood 

now in the doge If the dose is properly chosen, tills reaponse in 

the heating heart occurs vi thout a aignificant change in blood pressure 

or heart rate. The increased now response ia completely aboli shed 

after atropine. This drug then increases the mean bore of the coronary 

vessels, sinee the now is elevated in the presence of a normal or lower 

central coronary blood pressure. 

Opiatosl Few studies have been made of the action of mo~ne 

and its darivatives on the coronary circulation. Papaverine 

increases left coronary inflow in the anaesthetized doge (Fol tz et al. 

1948), whil.e the blood pressure and heart rate may be unche.nged or the 

former deereased. The cardiac work and metabolism are stated not to be 

increased by this drug. 

..~ ,. 



-58-

CHAPTER V 

THE PATHOLOGY OF CORONARY ARTERY HEART DlSEASE 

More people die of dieease of the coronary arteriee than 

of an:y other dieease. As man' e lire epan lengthene, the relative 

incidence of dieabilit,y and of death trom this cause continues to 

increase. It is encouraging, therefore, to note that increaeing etudy 

is being devoted to the causee, treatment and prevention of coronary 

dieease. 

Galen (138-201 A.D.) firet applied the name"coronary" 

to the larger arteries of the heart and Lobetein (1833) coined the 

term arterioscleroeis. 

The firet correot diagnoeis of ooronary thrombosis made 

during life and verified at autopsy was reported b.Y Hammer in 1818; 

but the classic description of clinical coronary thrombosis with 

eubetantio.tion by autopey findings was publiehed b.Y Herrick in 1912. 

Coronary artery disease is characterized pathologically by 

int1mal atheroecleroeis producing narrowing of the lumen and !requently 

occlusion; physiological1y, b.Y a reduced o~gen tension of the 

myocardium resulting !rom a disproportion between oxygen suppl y &ld 

demand; and clin1oally, by variable manifestations ranging from mUd 

chest pain to myocardiaJ. infarotion, which mB\Y be fol1owed b.Y 

congestive fai1ure or death. 

CHANGES IN CORONARY ARTERIES ATTRIBUTABLE ID AGE 

The principal change in the ooronary arteries attributab1e to 

age ie a thickening of the intima (Wolkoff 1929). The thioknees of the 
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intima of the coronary arteries exceeds that of other muscular arteries 

and increases progrossively with age. The considerable thiCkness of 

the intima of these vessels is related to the special mechanical 

factors, such as pressure and tension, to whioh these arteries are 

subjected. At birth the intimal l~er is rela.tively thin, and 

consists of a single well-formed l~er of elastic fibers which is covered 

by a lBù'"er of nat eJXbtholium. In ohildhood the thiokness of the 

intima io about equal to that of the media; during the third and. 

four th docadoa intimal thickness becomes maximal; in midd1e age and in 

old age the intima is several times as thiok as the media. The 

thiokening is brought about (1) by spli tting off the internal. elastic 

lamina from the internal limi ting lamella, wi th formation of a musculo

elastio layer; (2) by spli tting of the internal limi ting lassella wi th 

formation of a prDminent elastio-hyperplastio 19yer; and (3) by formation 

in most cases, on the inner aspeot of the hyperplastio layer, of a layer 

of conneotive tissue. (Gould, 1953). Gross et al. (1934) demonstrated 

changes in the myooardial arteries which are related to age and to 

location wi thin the heart. These changes, whioh they ooll fibDO-elastic 

metamorphosis, consist of elastifioation of the media, elastic-hyperplastio 

chBll.L"8s in the intima, fusion of these two layers, aotrophy of smooth muscle 

fibers and development of irregular patohes of oonnective tissue. With 

respect to time and frequency of appearance these changes oocurred earliest 

and most often at the following sites, in decreasing order; posterior 

papillary muscle of the 1eft ventricle, interventricular septum, left 

ventriole, pulmonar,y OODUS and atria. 

Eventually there results a graduel diffuse distension of the 
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coronary arteries both in a transverse and longitudinal direction, so 

that the vessels become longer as vell as wider and assume a tortuous 

course. This results from progressive deterioration of the elaatic 

tissue and is not accompanied by a.ny characteristie histologio change. 

Thus during the average life span, the cross-sectional area of arteries 

increases six to seven times, and the number of macroscopioally visible 

arteries is doubled. (Blumenthal 1959). 

PATHOGENESIS OF ARTERIOSCI.EROSIS 

Muoh haB been written regarding the etiology of arteriosolerosis 

but the problem is still unsolved. Blumenthal (1959) introduced the 

concept of response potantials of vasoular tissue in the pathogenesis of 

arteriosolerosis. Aooording to this conoept, atherioselerosis is 

regarded as a complex mixture of degenerative and reparative prooesses leading 

to increased rigidi ty, diminished elastici ty and decreased oaliber of 

arteriss. 

In general, etiologic agents capable of elic1 ting responee of 

vasoular tissue components fall into 'libree categories. 

(1) i nfiamatory, 

(2) metabolio, and 

(3) hemodynamic 

In this section then, diseases of the coronary arteries are presented vi thin 

this frame of reference. 

Inflamatory Factors in CorOnary Artery Diseasea This falle 

into several gToups, i.e. infectioue, allergie, toxio, and those of unknown 

etiology. Infectious disease whioh m~ involve the ooronary arteries are 

syphillis, tuberculosis, Bruoellosis, typhus, typhoid and subacute bacterial 

endocardi ti s. In most instanoes of infectioua coronary arteritis, the 

lesion probably results from a bacteremia. 

,', 
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In SBE, however p the lesion IIlB\Y be embolie in nature. As to 

allergie coronary a.rteri tis, fatal cases have been reported 1'ollowing 

respiratory infections, antis.yphilitic therapy, injections 01' serum, 

tetanus antitoxin, or t,yphoid vaccine, and due to drug hypersensitivity. 

Such fatal accidents IIlB\Y' be caused by an acute swelling 01' the arterial. 

intima (acute urticaria). It is conceivable that non-fatal oases 01' 

this type might progress to a stenotio sclerotic lesion 01' coronary 

arteries. Invol~ment 01' the coronary arteries in variOUB oOllagen 

diseases has been observed, but 1'requently these involve primarily the 

more distal segments 01' the coronary oirculation. Ocoasionally, the 

larger vessels m~ be involved in Periarteritis nodosa. Some forma 

01' neorotizing arteritis are di1'1'icult to oategorize 1'rom a pathogenetio 

point 01' view. They oan be produced experimentally by a variety 01' 

substances, some hormonal, others ohemioal and possibly toxio. 

The 1'oregoing observations auggest that there is strong 

evidence that an inflamator,y basis for ooronary arteriosolerosis m~ be 

considerably more 1'requent than is generally realized. ~1hether 

such im1'lamatory lesions uniformly involve all suoh segments 01' the 

ooronary ciroulation or only the intramyocardial portions remains in 

doubt. Nevertheless, severe involvement 01' the intramural channels 

m~ produce a peripheral resistance which might secondarily involve the 

larger ooronn:ry segments on a hemodynamio basis. (Blumenthal 1959). 

Metobolic factors in Corona.r,y Artery Diseasel In raoent 

years, lipid metobolio factors, particulsrly those aBsociated with 

cholesterol metaboliam, have received considerable attention in the 

etiology 01' coronary arteriosolerosis. Data to support this oonoept 
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fall essentially into the following categoriesl 

(1) The presence of cholesterol and other lipids in atheromotous 

plaques in concentrations similar to those found in the circulating blood. 

(2) The experimental production of atherosclerosis b,y ~le 

elevation of plasma, lipids, including cholesterol. 

(3) The increosed incidence of atherosclerosis in various 

clinical states of hypercholesterolemia and hyperlipemia. 

(4) The finding of quantitative, and possibly qualitative, 

differences from normal of plasma lipid transport in atherosclerotic 

indi viduals. 

(5) A seemingly close relationship between intake of dietary 

lipids, including cholesterol, and the incidence of atherosclerosis in 

various population groups. 

Experimental Atherosclerosisl Atheromatous vaecular leeions 

resembling those of human atheroslceroeis have been produced experimentally 

in rabbi ts, guinea pege, hamsters, pigs and ,ohicken by feeding large 

quantities of cholesterol or animal fat. (Katz, L. 1953, Lear,y, T. 1934). 

A pronounced hypercholesterolemia precedes the development of the 

atheromotous lesions and is presumed to be the primary disturbance leading 

to intimal cholesterol deposition. 

HMy objections have been raised to the validi ty of applying 

these experimental observations to the explanation of human atherosclerosis. 

Attempts to produce atherosclerosis b,y cholesterol feeding in a variety of 

cami vorous or omni voroue animale have been very difficul t and the 

distribution of atherosclerotic lesions in hervivorous animals differ from 

that in human atherosclerosis. The quantity of cholesterol fed to 

rabbi ta is proportionately far in excees of that usually taken b,y man, 

,i 
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and the resulting hyperoholesterolemia has no oounterpart in the 

majority of oases of human atherosolerosis. Atherosolerosis in man 

appears to be related. more to the arterlal reactions, degeneration and 

repair than to the level of serum oholesteral, whioh io the de terminant 

in the rabbit. The losions of experimental atherosolerosis in the 

rabbit and chiefly in the retioular-onothelial tissues and parenchymal 

organs are not as prominent in the coronary or cerebral arteries as in 

human atherosclerosis. However, soma of the objeotion to ~ analogy 

between experimental atherosclerosis in rabbits and human atherosclerosis 

appearo to have been overoome by the experimentaJ. produotion of generalized 

atherosolerosia in chioken by the subcutaneous injeotion of diethylstilbestral 

(Cha1koff et al 1948), and also in the rhesus monkey by maintaining 

pyridoxine defioienoy (Rinehart et al 1954). This resembles human 

atherosoleroBis, partioularly in that the cerebral and ooronary arteries 

are inval ved. 

In general, proponents of the lipid metabolic thoory 

believe that elevated. serum lipid lead to a deposition of these 

oubstanoos in the intima and that this prooess in! tiates plaque fonnation. 

Thore appears, thon, a clearly definable area in whioh lipid metabolic 

factors pl~ a primary role; this inoludes famili&l hyperlipemia and 

hyperoholesterolemia and certain other metabolio disease entities 

aBsooiated with a prolonged, almost continuoue elevation in serum lipids. 

There is also another area in which the evidenoe for a primary role of 

lipid factors is at best only suggestive. To attribute all or most 

oases of ooronary artery diseaee to lipid metabolio factors m~ tend to 

exclude a oonsideration of other, at least equally important factors. 
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lIEMODYNAHIC FAC'roRS OF CORONARY ARTEHY DISEASE 

An analysis of hemo~amic factors operating in the 

coronary circulation off ers the best prospect for accounting for the 

distribution of intimBl plaques, if not Blao for their pathogenesis. 

The effeots on arteries of suoh factors have been considered by some 

as reparative reactions to "wear and tear" injury and by others as 

compensatory in character, serving to maintain hemo~c equilibriums. 

Serial studies on progressive phases through whioh intimal plaque 

developement proceed indicate that in the large majority of instances 

the lesion respresents a progressive response of vasoular tissue 

components to hemodynamic forces, in which the appearance of lipids 

1s a late development and m~ represent an incidental by product of 

the reactive process. In addition, the complioations of thrombosis, 

aneurysm formation, and rupture are best accounted for on an hemo~amic 

basis. These important hemo~amic factors which deserve consideration 

in the development of arteriosolerosis of the coronary artery system are 

the following 1 

(1) blood pressure - hydrostatic tension; 

(2) Cardiac thrust; 

(3) Vibration; 

(4) Gravit y effect - static pressure; 

(5) Flow characteristics 

(6) Shearing forces (Blumental H. 1959) 

The role of hemodynamic forces in the patherogenesis 

of degenerative vaacular diaease derives ita strongest support from direct 

observations on human postmortem material Blong with a correlation with 
recognized physiologie phenomena. It surfers partieularly from a 

1. 
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lack of experimental reproduction. In large part this ie due 

to a difficulty in setting up experimental conditions which reproduce 

or intensif y known operating hemodynamio conditions. nlis area of 

investigation needs considerable development. (Blumenthal 1959). 

MACROSCOPIC APPEARANCE OF CORONARY ATBEROSCLEROSISI 

1. ATHEROMA. The first macroscopic changes occur in the fom of 

yellowish minute (pin-head sized) spots of lipoid material visible 

beneath the intima, which are round and scarcely elevated ab ove 'tilie 

surface. They were enoountered by Wolkoff as early as the beginning 

of the second decade, and was also noted in one half of the subjeots 

during the second decade of life, in two thirds of these during the 

third decade of life and in the coronaries of all persons arter their 

fortieth year. The process, in general inoreases in severity vith age. 

2. FIBROUS PLAQUES. Beginning at about age thirty, the fatty spots, 

in part or whole, become oovered by hyaline - like oonneotive tissue, 

forming rounded or irregular plaques of white colour which encroaoh upon 

the lumen. Fibrous plaqlles mSlf be encountered wi thout aocompBl13ing 

lipoid deposits and in such oases one may not alwSlfs be able to de termine 

if the fibrosis vas preceded by lipoid depoaita or if it was a primary 

change. Duguid (1946) ia of the opinion that not infrequently coronary 

thrombosis ia followed by fatty degeneration, and that fibrosis results 

from the organization of the clot; in Buch oases Duguid believes that 

thrombosis mSlf be a factor in the production of coronary atheD)~lerosis 

rather than a consequence of it. 

3. CALCIFICATION. In later decades, the plaques become calcified, or 

they mSlf show ragged ulceration of the intimal surface, frequently vith 
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seoondary thrombosis. In middle age or later, tho main stems and 

main branohes of the ooronaries frequently show soattered pl~ues, often 

wi th points of narrowing of the lumen, particularly at si tes of branohing. 

At Buch points of constriotion, thrombosis is favoured. Again there 

may be more or less diffuse atherosclerosis wi th thickening and rigidi ty 

of the wall, sometimes with oalcification. Suoh rigid vessels often 

have narrow lumina; at other times the lumina. are wider than normal, 

as a resul t of lOBS of elastici ty, presUlllably because of age, Blld the 

vessels are tortuous. Thus, sclerosis may be focal or diffuse, present 

wi th or wi thout narrowing of the lumen, and wi th partial or complete 

ooclusion. (Gould 1953). 

MICROSCOPIC APPEARANCE OF CORONARY ATHEROSCLEROSIS. 

The primary and predominant lesions ocour in the intima. 

There is uncertainty as to the very earliest lesions. According to 

Klotz (1915) and others the initial ohange is the presence of 

lipid-containing macrophages (foam cells) in the subendothelial layer 

of the intima. Shortly thereafter, if not simul taneously, thera are 

deposits of lipoidal material in the ground substance of the intima 8B 

wall as in the large mononuclear foam cells. The initial fooi of lipid 

within and outside the macrophages coalesce to form lipid-rich intimaI 

plaques. Vacuolar degeneration and swelling of the metachromatio 

gound substance and collagen framework of the intima are also observed 

in early lesions. According to Aschoff L. (1932), and others, these 

changes, inoluding the deposition of mucoid ground substance, the 

formation of fibroblaste and collagen and the proliferation of elastic 

tissue, are primary and the deposition of lipids secondary. 
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Subsequent thiokening of the intima resul ts from a 

pDOliferation of reactive or reparative oonneotive tissue, trom 

inoreased deposition of lipids within and outside of foam oells, the 

formation of new oapillaries, oaloifioation and rarely bone formation. 

The internal elastio lamella may be displaoed and fragmented. 

Sometimes i t disappears while newly formed, delioate elastio fibrils 

arise in atherosolerotio plaque. 

The ohanges whioh follow the initial internal lipoidosis 

and degeneration appear to represent attempts at repair or the 

oonsequenoes of disturbanoes in nutritien. Normally the intima 

reoeives most or all of its nutrition b,y imbibition from the arterial 

lumen. The deposition of lipid and the formation of new oellagon to 

repair the damaged intima resul t in significant thickening of th1s layer 

of tho artery. In consequence, imbibition from the lumen .. even when 

supplemented by that from the adventi tial vasa vasorum, is inadequate to 

nourish all portions of the thiokened intima. Newly formed oapillaries 

arise in the intima, ocoasionally from the lumen but more frequently 

from the vasa vasorum (Gross et al 1934). From this viewpoint the 

intimaI capillaries represent a granulation tissue type of reparative 

structure designed to oompensate for local nutrition&! deficiencies. 

Subsequent ohanges appear to be determined by the ability 

of these nev nutritive ohannels to keep paoe with inoreasing lipid and 

other degenerative changes and fibrosis. A defioienoy in nutrition 

reaults in necrosis of the atherosolerotic plaq~e. The atheromotous 

plaqlle often causes an unilateral thickening of the vessel wall and an 

eocentric lumen. The atheroms may extend to the surface and rupture 
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through the intima emptying i ts contents into the lumen and 

:ptoducing an atheromatous uloer. Later on oalcium is deposi ted 

around the atheromotous focus as well as in the thickened fibrous 

hyalinized areas of the intima. (Friedberg, C. 1956). 

Changee in the media are muoh lese prominent and coneist 

of atrophy of the musoular and elastio elements. This is probably 

the reeult of compreseion by the thickened intima. The atrophie 

changee pro duce thinning and eometimes almoet complete disappearance 

of the media! layer of the artery. (Friedberg C, 1956). 

The adventi tiaJ. changee are lese etriking, but frequently 

irregular patchee of fibrosie and focal oollections of lymphooytes 

eimulate inflamatory lesions. (Gerlis, L. 1956). 

INCIDENCE .AND LOCALIZATION OF CORONARY ARTERY OCCLUSION 1 

The ground work for the determination of the incidenoe 

and localization of ooolusions in coronary heart disease wae begun by 

Wplkoff in 1929 when he showed that only five ou:t of one hundred and twenty 

hearte he studied exhibited more severe atherosolerotic changes in the 

right coronary than in the left. The breakthrough in this field, 

however, was based on the extensive work of Schlesinger (1938), and 

Schlesinger & Zoll (1941), documenting this different sites of occlusions 

and its predilection, by an injection and dissection study of 400 hearts. 

(Fig. 6.). These authors reported 2.5 ooclusions per heart; the left 

anterior descending vas involved in 39%, the main stem of the right 

coronary was diseased in 34%, and the left circumflex branch in 27% 

of oases. At the Royal Victoria Hospital, in a series of 150 oases studied 

in preparation for surg-ery by cine coronary angiography, a review of 

53 oases showed 3.1 lesions par diseased heart (Vineberg 1966). 
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Incld~nce* and locollzotlon** 
coronory ortfl.ry occlusIon 

dght 
coronory 
ortery clrcumflex 
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FIGURE 61 Diagram showing incidence and localization of coronary arter,y 
occlusion. In 70% of cases lesion is within four cm. of the 
major coronary arteries. The frequenqy of disease in the 
right coronar,y alrter,y should likewise be noted. (Vineberg 
1964). 
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Schlesinger & Zoll's originol work showod that most zones of segmental 

occlusion were less than 5 mm. in length, 50% of them occurring wi thin 

2.5 cm. of the origin of the trunk, and 70% vere localized to the 

proximal 4 cm., thus making it almost impossible for natural collaterals 

to form proximal to the points of ocolusion. They olso showed that the 

ooronary arteries are mostly diseased in their apicardial courses, and 

that the vast m;yocardial network Gf arterioles lying wi thin the 

m;yocardium are usually dioease-free. It was also demonstrated that 

the coronary arteries supply definite m;yocardial zones. (Fig. 1), and 

that there are numerous arteriolar-sized branches running between these 

zones (Fig. 8). Thia t,ype of communication between arteriolar zones 

or betveen arteries bas been termed collaterals, and th1a exists in 9% 

of normal hearts, and in praotically all diseased hellDts. (Vineberg, 1964). 

From this ltud;y i t is clear tbat ooronary artery dieease reduces the size of 

the total coronar,y inflow tract. The surgical treatment of coronar,y 

artery heart disease should be directed then towarda Ws occlusive 

nature. 

Schlesinger (1940) and others have olao reported that 32% 

of hearts will show occlusion in the distal coronary artery branches 

(Fig. 9). Where there is coronary artery occlusion and where i t has bean 

shown that the proximal or main coronary inflow tracts are not 

diaeased, thesehoQ.rts will form interooronary a.na.stomosis and develepe 

oollaterals whioh will suppl y oxygenated blood to the ischemic zones 

made by the occluded distal artery (Vineberg and Walker, 1964). 

MYOCARDIAL INFARCTIONa 

Myocardial infarction signifies the necrosis or death of 
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Diagram showing right and 1eft coronary arteri.es dividing 
into arterio1ar zones. (Vineberg 1964). 
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arterlolar collateral develop...rn&r:Û 
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Diagram demonstrating the presence of numerous arteriolar 
sized branches joining arterio1ar zones. These are 
co11atera1s that cou1d be divided either into inter
coronary or homocoronary anastomosis. (Vineberg 1964). 
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NOR MU CORNARY ARTERY INflOW l1?AC'T IN MAN 
WITI-l DISEAS~ IN PERIPl-IERAl ARTERIES 
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FLGURE 91 Diagram showing occlusion in the distal coronary artery 
branches. (Vineberg 1964). 
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a portion of heart musole because of an interruption or curtailment 

of its blood supply. While i t is usually the reaul t of an acute 

coronary ocolusion, infarotion of the myocardium may also ooeur vi thout 

meohanical obstruotion of a coronary arter.y, folloving a sharp 

reduction in the volume or o~gen content of the ooronary blood, due 

to circulatory or hematologic disturbances. 

Gross changes ordinarily do not develope for five or 

six hours after an acute attach. The earliest change is a lOBS of 

lustre of the necrotic muscle. This soon becomes pale, dry and 

somewhat swol1en. 

usually irregular. 

The border of the infarcted and living muscle is 

Wi thin a day or wo the muso1e assumes a clay 

colour if the infarot is diffuse or a streaked yellow appea.ranoe if the 

infa.rct is patohy. The yellow color i8 explained by fatty degeneration 

of the necrotic muscle fibers and, at the border of necrotic areas, by 

inti l tration vi th polymorphonuolear leucooytes, particularly vi thin the 

first five or six days of the infarct. There may be considerable 

liquefaction necrosis vith disappearance of many muscle fibers, thus 

aocounting for muoh of the loss of thiokness of the myocardial wall after 

healing of large infarcts. The border of the inta.rct may be reddish 

because of hyperemia of adjacent vessels or hemonhagio from extravasation 

of blood from these vessels; at the end of one week the reddish colour 

may in part be explained by young granulation tissue. liter the tirst 

week or ten days, the border beoomes depressed oving to the shrinkage 

following removal of neoiotic muscle. The deIll'esOùÙ Z(.'lIe bccomes 

proL"resslvely wider and paler, and the granulation tissue is replaced by 

fi brous tissue, and arter two or three months by a white scar (Gould,1953). 
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If the infarct extends to the epicardia1 surface a 

pericarditis deve10pee which usua1ly is 1arge1y fi'brinous but m~ have 

some hœnorrhagic or purV1Ùent component; wi th survival of the patient, 

i t heals by' organization and scarring. If the inf'arot .%tends to the 

endocardial surface, a thrombus usua11y forme at the si te. The 

resu1 ting thrombus II18\Y CBUse narrowing of the lumen of the ventric1e 

or the si te of thrombosis may be marked by' aneuryamal bulg:ing of the 

ventricu1ar wall. 

In hemorrhsgic areas of infarotion invo1 ving a good 

portion of the thickness of the cardiac wall, thG1'e ~ be rupture oi' the 

wall wi th fatal hemoperioardium. More often, however, in!arots undergo 

organization and are rep1aced by' whi tiah soaro, sometimes wi th a trace of 

pigment apparent. (Gould 1953). 

MICROSCOPIC CHANGES IN MYOCARDIAL INFARCTION IN MAN. 

Mo11oy et al (1939) desoribed the mioroscopic changes in 

~ocardial infarots in the hearts .f 72 persons in whom the onset of 

olinical i'indings enab1ed them to de termine the age of the infarot. 

Their microsoopic findinge are summarized as fo11ows 1 

1. Necrosis oi' muso1e, oonneotive tissue and amal1er b100d vesse1s. 

Neorosis does not become evident for 5 or 6 hours. The muso1e fibers 

then become hyaline, while the striation become 1ess evident; the 

nuo1ei undergo pyknosis, karyorrhexis or karyo1ysie. 

2. Hemorrhage is usual1y fooal rather than diffuse and extravasations 

are re1ative1y rare. The venu1es and capi11aries are hyperemio. 

3. ~ varies in amount depending on the suddenness oi' infarotion and 

previous su!i'iciency oi' oiroulation. Moat oi' the i'at is i'ound at the 

periphery oi' the infarct. The fat is removed by' the macrophages 
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at the same time as the nenotio muscle. 

4. Inf'il tration vith polymorphonuclears bagins at about five hours, 

starting at the ed.ges of the lesion and spreading centrally. It is 

present in the interstitial tissue and about the blood vessels and 

gradually erlends into the secrotic tissue. At 24 hours, the 

infiltration is slight, with beginning degeneration of leucocytes; 

at five d~s m~ of the polymorphonuclears are necrotic, and 

thereafter they gradually disappear. Mellory et el (1939) suggested 

that the polymorphonuclears may produoe an enzyme which aids in the 

breakdown and phagocytosis of the musole. 

5. Ingrath of blood vessels and connective tissue. Beginning on the 

4th day new blood capillaries grow into the infaroted area, starting 

peripherally. Fibro blaata acoompany the blood vessels into the 

infarcted area. 

6. Removal. of necrotic muscle. Innl tration by pippdnted macrophages. 

Simul taneous vi th the ingrowth of new capillaries and fibroblasts, 

macrophages invade and phagocytize the neorotic tissue. Occasionally 

giant cells may appear. After about ten d~s, one mm. of necrotio 

peripheral muscle has been removed, and after six weeks active 

absorption of necrotic muscle may still be present. Atwo months, 

necrotic muscle fibers have genorally been completely removed. 

7. HYmphocytes and plasma cells appear as soon as absorption of muscle 

starta, are fairly prominent during the third week and disappear about 

the same time as the pigmented macrophage. 

8. Collagen, produoed by the fibroblasts appear first at 12 days, is 

prominent at three weeks and maximum at two to three months. The 

amount of collagen provides a good indication of the age of the infarct • 
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9. Pericat'di tis. Fibrinous pericardi tis appear wi thin 24 hours. 

Organization of the exudata begins at eight ~s and is complete at 

four weeks. The pericardial reaction also provides a basis for judging 

the age of the infarct. 

10. Endocardial thrombus. Thrombosis begine as early as five days 

but may occur much later. Its organization begins on the ninth d8\Y' 

and complete organization may be present on the sixteenth day. 

MYOCARDIAL INFARCTION WITHOUT CORONARY OCCLUSION 1 

Hyocardial.. infarction vi thout My evidence of coronary 

occlusion had been reported by aeveral authors in the past. Bean in 

1938 had a series of 300 myooardial infarcts, wherein 20% vere assooiated 

vi th arterial narrowing but no thrombosis. In four hearts the coronary 

arteries showed no signifioant change. Gross and Sternberg (1939) reported 

that in 15 hearts wi th extensive infarction the coronaries showed 

insignifioant intimal changes and scant narrowing of the lumina. It 

should be pointed out that in 13 of these cases the patients had assooiated 

hypertension. \-/artman and Hellerstein (1948) in a study of 160 

infaroted hearts found neither disease nor ooolusion of the ooronary 

arteries in 3.8 per cent, while Yater et al (1948) in a study of 114 

hearts wi th gross myocardial infarct found 8 vi thout a.n:y occlusion at all 

of the coronary vessels. 

It has been postulated that infarction without coronary 

occlusion may be caueed by a "rela.tive" ischemia which may be temporary. 

In support of this view, i t has been pointed out that in most instances they 

are associated vith hypertension, a condition in which vasoconstrictor 

phenomena is prominent and in which myocardial. hypertrophy has increased 
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the nutritional demanda of the heart. 

OORONARY OCCLUSION WITHOUT MYOCARDIAL INFARCTION 

Blumgart et al (1941) explained the occurence of 

complete coronary occlusion as severe narrowing of one or more coronary 

arteries without evidence of myocardial infarction, by the slow progress 

of the obstructing lesion which allows sufficient time for the formation 

of an adequate collateral coronary circulation. Karsner (1949) stated 

that he has not observed infarction ta result from gradual occlusion 

of the coronary arteries by arteriosclerosis. Holyoke (1945), by 

injection of the coronary arteries by Schlesinger's method found old 

occlusions in 11 hearts, in 3 of which no old infarcts were present; 

he also encountered five hearts with recent occlusions, two of which 

showed no recent infarction; Ravin and Geever (1946) demonstrated 

coronary occlusion in 18 injected hearts; in five of these eighteen, 

infarction was absent. 

Such observations imply that the development of 

collateral ooronary channels is a response to coronary artery insufficiency 

and diminished myocardial oxygenation. There is usually no significant 

formation of such collaterals until narrowing of the coronary arteries 

exceeds 75 par cent of the lumen diameter; at this point, about 58% 

of hearts have a demonstrable collateral circulation. Wi th completo 

acute occlusjon, tho frequenoy is about 80 per cent, and with complete 

chronic (atheromotous) occlusion the incidence increases to 100 par cent. 

(Zoll et al 1951). (Fig. 10). 
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CHArTER VI 

THE SURGICAL TREATMENT OF OORONARY ARTERY 

HEART DISEASE. 

In myocardial ischemias and especially in coronary 

disease, some patients sustain severe myocardia1 damage and are incapacitated 

beyond the stage of satisfactor,y recover,y. Surger,y May offer these patients 

a chance for further rehabilitation which cannot be secured by non-surgica1 

methods. During the course of coronar,y disease, a change from ischemia 

to hyperemia of the myocardium can give some protection from further serious 

damage by the ischemic pro cess. Thus the value of surger,y in coronar,y 

disease is chiefly that of rehabi1itatio~protection and the prolongation 

of 1ife. (Thompson 1959). 

A review of surgica1 interventions in coronar,y arter,y heart 

disease showed that the surgical efforts have been directed a10ng severa1 

distinct and differing 1ines. They May be considered as: (Table 2) 

(1) Efforts ta re1ieve the angina1 syndrome by interrupting 

the nervous innervation of thebnrt - cardiac denervation. 

(J) 

Efforts to reduce the work load of the heart by reducing the 

bodi1y metabo1ism. 

Efforts to improve the vascu1arization of the heart by 

adding (a) a new source of b100d to the myocardium or 

(b) ta enhance the benefits derived from some of the 

remaining existing sources of myocardia1 nutrition. 

CAnDIAC DENERVATION: In the first or Itsymptamatic approach" beginning 

with Jonnesco (1920) an attempt was made ta re1ieve angina by b10cking 
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TABLE II 

SURGICAL PROCEDURES FOR ~,'HE TREA~T OF COROHAnY HEART DISEASE 

NEUROSURGERY TO BLOCK AFFERENT PAIN PATHWAYS 

Cervicothoracic ganglioneotomy - Jonnesco (1916) 
Chemical nerve blook - Swetlow (1926) 
Posterior rhizotomy - Roven and King (1942) 
Pericoronary neureotomy - Fauteux and Svensen (1946) 

REDUCTION OF GENERAL METABOLISl4 

Total tbyroidectomy - Blumgart and Lavine (1933) 
Radioactive destruotion of the thyroid gland 

DEVELOR1ENT OF COLLATERALS, ANASTOMOSE::) r OR BOTlI 

Ligation of cardiac vein - Fauteux (1940) 
Ligation of coronary sinus - Gross and Blum (1935) 
Bilateral ligation of internal mammary artery 

DIRECT ATTACK ON DISEASED CORONARY ARTERIE3 

Resection and graft substitution of occluded coronary artery - Murr~ 
Endarterectomy - Bailey (1951) 

MYOCARDIAL VASCULARIZATION Br EXTRACARDIAC BLOOD 

Surface grafts, 
Pectoral muscle - Beek (1935) 
Omentum - OIShaughness.y (1936) 
L\~ - Lezius (1931, Carter (1949) 
Lung and ligation of pulmonary artel1' - Liebow (1950) 
Pericardial fa.t poo - Vineberg (1954) 
Skin - Moran (1952) 
Jejunum - Key (1954) 

Arterialization of coronary sinus - Beek (1948) 
Cardiopericardiope~, 

Bone ohips, asbestos, eto. - Feil and Beek (1931) 
Talc - Thompson (1939) 

Ventricular arterialization by vascular implants 
Internal mammary artery implant - Vineberg (1946-1951) 
Splenic artery implant - Liebow (1956) 
Carotid artery implant - Sabiston and Blalock (1956) 

Graft from aorta to myooardium 
Single - Vineberg and Molntosh (1954-195~ Sabiston and Blalook (1956); 

Smi th (1951) 
Double - Vineberg and Duohesne (1951) 

'f... Vineberg, Arthur M. Enoyl. of Cardiology 
-ti-
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the sympathetic nervous system which largely is responsiblo for 

Mediation of pain sensation of cardiac origine Danielopolu (1926), 

Coffey and Brown (1923), Mandl (1925, Swetlow (1926), and White (1935), 

have suggested various methods of surgical interruption of the cervical 

and dorsal sympathetic nervous system. Mandl has advised the use of 

pro caine injections into the upper four or five dorsal sympathetic 

ganglia. Swetlow used alcohol injected paravertebrally along the 

first five dorsal nerve roots. Singer in 1927 suggested dorsal 

laminectomy and section of the posterior nerve roots for angina pectoris. 

Raney in 1939 advised surgical interruption merely of the upper thoracic 

preganglionic fibers (white rami communicantes) in ordor to avoid the 

production of Hornert,s syndrome. 

WhUe the relief of anginal pain afforded by the various 

procedures upon the sympathetics frequently is gratifying, it is also 

felt that an operation upon the sympathetic nervous system for the 

relief of angina pectoris essentially is only palliative. It would 

seem self-evident that the gross organic lesions associated with 

coronary atherosclerosis cannot be improved by interruption of sympathetic 

nervous pathways. 

REDUCTION OF METAB01..IC DEMANDS OF THE MYOCARDIUM. 

The second surgical approach was aimed to reduce the work 

load of the heart by reducing the bodily Metabolisme Obviously with a 

lessened oxygen need the limited myocardial and coronary reserve must 

become more nearly adequate. Therefore, Blumgart et al (1933) suggested 

total thyroidectomy in euthyroid patients in order to produce a great 

but controllable) reduction in bodily Metabolisme The development of 
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myxedèma can be prevented b.Y careful management with hormonal products. 

Blumgart (1931) and Altschule and Volk (1935) showed both a reduction in 

the speed of blood flow and a diminution in the cardiac volume output 

incident to hypothyroidism. Eppinger and Levine (1939) showed that 

removal of the thyroid gland altered the response of the cardiovascular 

~stem to adrenalin injections which reliably could produce characteristic 

anginal episodes in patients with myocardial ischemia. 

Destruction of the thyroid gland b.Y X-Ray irradiation has 

been tried with the same objectives, but has never found much favour. 

Radioactive isotopes of iodine (1131) have baen recommended essentially for 

the same purpose b.Y Blumgart et al. (1950). 

Unfortunately, surgically or medically produced myxedema is 

commonly associated with hypercholesterolemia and this conceivably might 

cause the underlying arteriosclerosis to advance more rapidly. 

In general it would seem that such methods of extreme 

reduction of body metabolism to reduce the work load of the heart, while 

perhaps theoretically sound, have the effect physiologically and 

p~chologically of transforming an individu al into an almost vegetative 

existence; at this point more or less this operation has been abandoned. 

INCREASING THE BLQOD SUPPLY OF THE HEART: 

Finally, Many attempts have been made, in some way, surgically 

to increase the blood supply of the myocardium. 

procedures have been attempted: 

Tlfl following surgi cal 

(1) 

( 2) 

Direct approach to diseased coronary arteries. 

Encouragement of the development of collaterals 

and/or anastomosis 
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Myocardial revascularization by extracardiac blood. 

The direct surgical approach i6 aimed at increasing arterial 

inflow through the coronar,y arteries by removal of the occlusive lesion 

or by deliberate resection of the narrowed (atherosclerotic) segment of 

the coronar,y arter,y and its replacement by a vascular graft. 

Endarterectomy for myocardial ischemia was first advocated 

by Dos Santos in 1947. Absalon et al (1959) demonstrated the feasibility 

of performing an endartereotomy on the coronar,y arteries in the cadaver. 

May (1957) successfully performed coronar,y endarterectomies on animals 

without death or disability. May and Baily (1958) have reported 

six patients upon whom coronar,y endarterectomy was successfully performed. 

More recently successful reports of the same procedure were reported by 

Longmire and Cannon (1958), Sabiston (1960), Hallen, (1963), and 

Effler et al. (1964). 

Murray (1953) has reported the deliberate resection of the 

narrowed segment of the anterior descending coronary arter,y and its 

replacement by vascular graft in five hum an patients. Acute ischemia of 

the segment of myocardium supplied by this vessel was prevented by 

perfusion of the distal portion of the vessel by way of a branch during 

the period of actual accomplishment of the surger,y. 

Inspite of these successful reports, there is still 

nevertheless a notably restrained enthusiasm in regard to this mode of 

treatment for coronar,y arterial disease. The limited extent of the 

clinical application of this direct approllch for myocardial ischemia is 

in direct contrast to its widespread use in peripheral vascular disease. 

Yet it i5 neither a lack of patients who need relief of myocardial 
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ischemia nor a lack of qualified surgeons wh1ch has limited the acceptance 

of this procedure. The cause appears to be in the very nature of 

coronar,y disease itself and the technical problems peculiar to it. 

DEVELOPMENT OF COLLATERALS AND/OR ANASTOMOSIS: 

Development of collaterals and/or anastomosis as a means 

of increasing the blood supply to the ischemic myocardium was advocated 

by Geveral investigators as anothar way to alleviate coronar,y insufficiene,y. 

The encouragement of the development of collateral and/or anastomosis 

solely should not, however, be considered a basic treatment but as only 

part of a procedure which distributes arterial blood to the heart without 

introducing extra-cardiac blood. (Vineberg 1959). 

Robertson (1934) attempted to nourish the myocardium with 

venous back flow qy experimental ligation of the cardiac veine In 1937, 

Gross et al. l:iJgated the coronar,y sinus in experimental animaIs in an 

attempt to cauae congestion of the myocardium and to enhance its 

intrinsic vascularity in order to protect it against subsequent ligation 

of the coronary arteries. It vas their hope that the vascular congestion 

consequent to ligation of this great normal venous drainage ~stem would 

stimulate an overdevelopment of the normally existing communications 

between the deeper myocardial sinusoids and the oardiac chambers. 

Subsequently Fauteux (1946), ligated the great oardiac vein 

in human patients in an attempt to alter favourably the course of coronary 

insufficiene,y. He reported his results in ten patients with precordial 

pain, seven of wholn had returned to work. Ripstein (1948) analyzed the 

results of fort y cases and reportod that 72% of the group had benefitted 

from the procedure. 

1. 
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The effect of venostoris on the coronar,y system was 

investigated qy Beek et al. (1941). They concluded that the bene fi cial 

effect did not justify clinical application. However, by 1954, 

Beek had employed the principle of reversal of venous flow in revising 

the Beek l operation. This procedure consists of partial coronar,y 

sinus occlusion, production of a sterile pericarditis, and grafting of 

mediastinal fat to the pericardium, and was designed to pro vide an equal 

distribution of the collateral blood supply to the heart (Beek 1957, 1958). 

The bilateral ligation of the internal mammar,y arterios 

was first suggested qy Fieschi in Italy in 1939, (cited by Battezatti et al, 

1955), and employed in a number of patients with coronar,y arter,y disease qy 

De Marchi and Associates (1959). This procedure was frequently combined 

with poudrage or retrosternal-neurclysis. The rationale of this 

operation is based upon the known presence of anastomatic channels between 

the pericardiophrenic arteries, arising from the internal mammar,y artèries, 

and the coronary circulation thrO\lgh the pericardial fat pads and 

pericardial reflections over great vessels. This anastomatic bed is 

capillary in nature. According to the proponents of this operation, 

bilateral ligation of the internal mammary arteries increases the rate of 

blood flow down the pericardiophrenic artery, thus causing the blood to 

flow into the coronary bed. Glover et al. (1951) employed this teohnique 

in the treatment of coronar,y arter,y heart disease, reporting relief of 

angina in 68% of the patients with an operative mortality of 7%. Sabiston 

and Blalock (1958) and numerous other investigators have demonstrated no 

ev:i.dence of value in bilateral internal mammar,y arter,y ligation. Even 

under special laboratory conditions permitting an increase in flow in the 
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ligated mammary arteries, no significant increase in retrograde coronary 

flow nor protection of the heart against coronary arterial occlusion 

could be demonstrated. 

Final judgment vith regard ta this procedure must be 

reserved until clear eut evidence is shown that ligation of the internal 

mammary artery either doee or does not convert the capillary pericardio-

phrenic-coronary anastomosis inta arteriolar-sized communications. 

(Vineberg 1959). 

MYOCARDIAL REVASClJLARIZATION BY EXTMCARDIAC SOURCE: 

The partieular aim of this revascularization procedure is 

the bypass points of coronary artery occlusion by connecting an extra cardiac 

source of blood ta the ventricular myocardium distal to these points of 

obstruction. Theoretically, this is a sound concept based upon the 

pathologie state that exists in hum an coronary artery disease. Practically, 

this has been a Most diffieult and perplexing problem, particularly in 

reference ta s 

(1) introduction of a volume of blood large enough ta 

relieve myocardial ischemia, 

(2) equal distribution of the extracardiac blood throughout 

the myocardium 

(3) maintenance over months and years of the new extraoardiac 

source of blood pathways. (Vineberg 1959). 

Several procedures have been developed over the years 

trying to fulfill these three criteria, some failing, some partially 

successful. Our right internal mammary artery implantation to the right 

ventrieular myocardium falls under this category of myocardial revaseulariza-

tion ----- by extracardiac source; the procedure was developed 
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with the particular sim to answer the oriteria set forth above. 

J 
In reviewing the history of this partioular type 

of revasoularization we have to mention Beok who in 1929 experimental1y 

produoed a ohemioal perioarditis by the intraperioardial injeotion of 

Dakin's solution, but oono1uded that it WBS not sare for c1inioal use. 

Hudson and co-workers (1932), Hori tz et al (1932), noted a.n illcreased 

oxtra-oardiac ooronary anastomosis in four patients who had died of 

perioardi tise 

In 1935 Beok produced a sterile perioarditis b.1 mechanical 

abrasion of the epicardiwn and. inner surface of the pericardium. 

The adhesions \olhioh deve10ped between the two surfaces enhanced the 

anastomatic channe1s (Beok 1935(a), 1935(b), 1935(0), 1941, 1943). 

Thompson in 1939 reported the oreation of oardio-pericardial adhesions b.1 

direot application of talc (Magnesium sillicate) to the heart. Similar 

reports were given b.1 Thompson and Raisback (1942, 1949) and Daok et al. 

(1953) • Schildt, Stanton and. Beok (1943) had noted a oonsistent 

overdevelopment of the interooronary anastomosis as a result of the 

instillation of powdered asbestos into the pericardium. They concluded 

that powdered asbestos, another sil1icate, WBS superior to talc, to phenol 

and to al1 of the other substanoes tested for that purpose. Currently, 

the produotion of perioarditis is rare1y employed alone, but more usually 

as an adjunet to some other procedure, suoh as ligation of the ooronary 

sinus (Beek, 1955, 1958) (Beek and BrQfman 1956). 

SURFACE GRAFTSc Ma.n;y types of tissue ha.ve been grafted to 

the surface of the left ventricle in the hope that thes9 grafts would 

furnish the myocardium wi th a fresh extracardiac source of ox;ygenated b1ood. 
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(a) Cardio-omentopexys O'Shaughnessy (1936) was the first 

to try cardio-omentopexy. In this operation a vascular flap of omentum 

was brought up through the diaphragm and affixed ta the anterior surface 

of the left ventricle, where it formed anastomatic channels between the 

vessels of the omentum and the heart. At present this operation is 

no longer employed clinically. 

(b) Pectoral muscle transplant to the heart: This 

procedure was advocated by Beek and Tichy in 1935. In this procedure 

the chest wall is opened, the pericardium incised, and a pedicled flap 

of the pectoralis major muscle and its vascular fat is sutured directly 

on to the heart wall. In his first group of 12 patients on whom he 

operated, Beek (1949) recorded a mortality of 50%. This dropped to 

15% in his later series of 13 patients. The high mortality and,the 

equivocal results have led nearly all surgeons to abandon this procedure. 

The incorporation of a direct artery or vein implant with the muscle 

offers better possibilities. Other substances besides the muscle May 

carry blood to the myocardium. 

(c) Cardiopneumonopexy (Lezius): The principle of this 

procedure was to permit the heart to become adherent to the lung. Lezius 

in 1937 used the lower and the Middle lobe of the left lung and grafted 

them to the myocardial surface in animals. He reported that if the 

heart became adherent tothe lung, sufficient collateral circulation, 

at times, developed so that when the coronary artery was ligated the 

animal did not always die. Carter et al (1949) used asbestos powder 

to produce vascular adhesions between the heart and lung. They were 

able to eut the mortality in dogs following a ligation of the anterior 
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descending branch of the left coronary artery ta nearly l in 3 if the 

cardiopneumonopexy had been performed. Reismann et al. (1950) 

established the communtcqtion by suture graft. Both Lezius and 

Carter demonstrat.ed. bloQd vassel channels between the pulmonary and 

coronary vessels, but information concerning the direction of blood flow, 

the volume of blood delivered fu:oough the ne" channels and the direction 

are not available. Gar8J'l1ella and associates (1956) performed experimentally, 

a segmental resection of the lung, debrided the epicardium with 30% 

à,ërlnavine, then grafted the pulmonary segmenal cleavage surface to 

the myocardium. Based on reports that ligation of the pulmonary artery 

would increase f.low of the bronchial artery, Kline and associates (1956) 

occluded the left pulmonary artery before producing adhesions between 

the lung and myocardium with the application of silver nitrate. 

(d) Pericardial Fat Pad Grafts: In this operation, the 

Medial diaphragmatic and phrenic fat pads are detached from the ribrous 

pericardium. The epicardium covering the surface of the myocardium is 

then removed by sharp dissect'lon and the fat pads are applied to the 

surface of the heart. It has been shown by Vineberg et al (1954) that 

in the partially ischemic heart, arteriolar communication devalops 

betwean the grafted pericardial fat pads and the coronary circulation. 

Vineberg also showed that in one patient, 18 months after operation, 

retrograde injection of the circumflex artery revealed the injection mass 

ta enter the diaphragmatic fat pad. 

(a) Skin Pedicla and Jejunuh Graftsl other surface 

grafts which have bean attempted experimentally include a skin 

pedicle graft described by Horan et al (1952) and a jejunum graft 

by Key et al (1954). An isolated loop of jejunum with its blood 



1. 

-88-

supply intact was delivered through the diaphragm, its mucosa stripped 

and the denuded surface sutured to the myocardium. Key reported that 

75% of the jejunal pedic1e vessels were open, with 61% anastomosis 

between the jejunum and the coronary vessels. The type ~ anastomosis 

was almost capillary, but they suggest that the amount of blood delivered 

through multiple cap~llary anastomosis would equal that produced by 

several small arteries. Baronofsky (1954, 1956) and Hannon and 

Baronofsky (1956), modified Key's technique by suturing the free end 

of a Roux-y-jejunal segment to the heart muscle. The jejunal graft 

is probably too major a procedure to be used in the treatment of buman 

beings with coronary artery diseaae aince it inrolves - as in cardio

omentape~v - an abdeminothoracic approach. 

ARTERIALIZATION OF THE CORONARY SINUS; 

Batson (1931) demonstrated that the heart can be kept 

alive and beating in an isolated state by perfUsing it through the 

coronary venous system. This has been corroborated by Many workers 

and led to the idea of anastomosing an artery to the coronary sinus, 

first described by Roberts et al (1943), using the subclavian, 

brachiocephalic and innominate arteries. 

Bacle (1948), after a considerable period of animal 

experimentation, finally developed a reliable surgical technique, by 

which the coronary sinus can bo arterialized utilizing a vein graft to 

unite the sinus with treaorta. By incompletely ligating the coronary 

sinus close to its ostium at a subsequent operative stage, a sizable 

portion of the shunted blood May be directed into the myocardium by 

retro grade flow through the tributaries of the coronary sinus. There 
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was a 3 to 6 weeks interval between the two operations, and this 

procedure became known as the Beek II operation. Seven patients 

with coronary artery insufficiency were operated upon, with quite a 

high mortality. The Beek II operation has been given up b,y Beek and 

by others because of its high mortality and because it was shown by 

Eekstein et al (1954) that retro grade perfusion of the coronary bed 

or through the graft lasts for about five weeks and then 100se5 

functional contact with it, probably because of obliterative venous 

change caused by high arterial pressure in the venous bed. 

VENTRIWLAR AR'rERIALIZATION BI VA§ClJLAR IMPLANTS 

With the anatomico-pathological facts of coronary 

he art disease based on Schlesinger & Zoll's (1941) findings, Vineberg 

in 1945 attempted to grart a large systemic artery into the left 

ventricular myocardium. This was the very first attempt in such a 

kind of revascularization procedure. The artery chosen was the 

left internaI mammary ar"tery. He proposed then that if such an 

artery could ba grafted into the left ventricular myocardium, then 

any blood descending through it into the arterioles of the myocardium 

should bypass the points of coronary artery occlusion. (Fig.· Il) • 

Several years were spent in overcoming initial difficulties such as 

angulation, scarring and answer to the question why some arteries are 

patent and why some are note Thus, the internal mammary artery 

implant operation underwent five years of laboratory testing from 

1945 to 1950, bafore human application. 

(Vineberg and Jewitt, 1947). 

(Vineberg, 1946, 1950), 
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develop-ment of internaI mammary artery Imp-Iantatlon 
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Diagram showing the first two attempts at transplanting 
the left internal mammary artery into the left ventricle. 
(Vineberg 1964). 
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The internal mammar.y arter.y was detached from the 

chest wall between the 6th and 4th interspace, divided between ligatures, 

and the proximal end buried within a tunnel made in the myocardium. 

In its new location the transplanted vessel remains open because of 

side branches which are left open at the time of implantation and which 

bleed into vascular spaces surrounding the internal mammar.y arter.y 

within the tunnel. (Fig. 12). The implanted vessel commences to bud 

at the end of 12 days and between 3 and 6 weeks it sends out numerous 

arteriolar or larger branches which anostomose with the surrounding 

arteriolar network lying within the myocardium. Theœ findings were all 

shown by digestion cast studies. This digestion cast etudies were made 

by injecting the implanted internal mammar.y arter.y with a vinyl plastic 

from 10 days to seven months postoperatively in the doge (Vineberg 1964). 

The results of this cast studies disproved totally the theor.y of Glenn 

(1950), who reported a modification of the implant operation, leaving 

the end of the arter.y open in the myocardial tunnel. He then suggested 

that the branches from the implanted internal mammary arter.y were 

granulation tissue which tended to disappear within six weeks. 

It has been shown both in animals and in man, that where there 

is myocardial ischemia the implanted vessel remains patent and does not 

close off by intimal proliferation when studied 9 months ta 3 years artel' 

implantation. (Vineberg 1959). 

Regarding those who reported blocked arteries, such as 

Balley and Neptune (1955), in a study of 18 animals, Vinebergs technique 
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Schema tic illustration of the internaI mammary artery 
implant with open side branch. Initial runoff from 
the implanted artery enters the myocardial sinusoid. 
(Vineberg 1958). 
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of implantation was not carried out and myocardia1 ischemia was not 

produced. Many workers have since confirmed his work (Sabiston 1957) 

(Fuquay et al. 1955). 

Measurement of b100d flow through imp1anted interna1 

mammary arteries five to seven months after implantation was studied by 

Buller (1950). It was found that up to 55 cc. per minute were de1ivered 

from the coronary sinus. (Vineberg and BuDsr(1955), Vineberg et a1(1955). 

TREATMENT OF HUMAN CORONARY ARTERY HEART DISEASE BI INTERNAL MAMMARY 
ARTERY IMPLANTATION. 

The treatment of human coronary artery insufficiency by 

interna1 mammary artery implantation started in April, 1950. Since then 

Vineberg has operated upon 94 patients (Vineberg and Walker 1964). The 

results in patients who had no angina at rest, without exciting cause are 

Most satisfactory. (Vineberg 1964). In the favourab1e group, there are 

75 patients, of whom 63 have been followed for six months to 12 years. In 

the first four years, there was an operative morta1ity of 25 per cent. 

During the past 8 years, 63 consecutive patients have been operated upon 

with twD operative deaths, or a mortality of 3.2%. 

Thus, the Vineberg series of 63 patients fo11owed up six 

months to 12 years, 64% were improved and 75% returned to work. Their 

figures are rather close to those obtained in experimenta1 anima1s in 

which 71% mammary-coronary anastomosis oecurred. (Vineberg 1964). 

Vineberg has studied 16 human hearts from 60 hours up to 

four years post-operative1y, after interna1 mammary artery implantation. 

In this series there were Il imp1anted arteries wide1y patent (68%), whieh 

is close to the number of patent arteries in animal isehemie hearts. Four 

of these were patent when examined one and a half to four years after 
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surgery. Two 11 ving patients have recently shown by" cine angiograp~ 

to have patent arteries branching in the myooardium, 7t and 10 years 

post-operative1y. Both are we11 and pain free. (Vineberg 1964). 

There bas been modifications of the standard Vineberg 

implant operation (Fig 13 (a) and 13 (b». One of these bas been 

made by Sewell (1962) who implants the internal mammary artery a10ng 

wi th the win and sorne chast wall tissues into the myocardial tunnel. 

Sewe11 implants the artery with the vein and c1aims tbat the vein 

he1ps to keep the artery open. It has, however, been found that there 

is no communioation between the artery and vain at any time after 

implant and that the internal mammary vein became b10cked wi thin a few 

d~s alter implantation. (Vineberg and Walker 1964). Another 

modification has been made by Einer (1963), who uses a longer myooardial 

tunnel - Effler' s Myocardial Tunnel - into which he implants the internal 

mammary artery, are from one and one half to two inohes long, whereas the 

tunnel made for the standard Vineberg implant operation is one to one and 

a baH inohes long. 

Other modifications with more or 1es8 eimilar reeults have 

been obtained by Bloomer and Liebow (1964) when they imp1anted the 

sp1enie artery into the myocardium and by Sabiston and Blaloolt, who have 

imp1anted the oarotid artery in animals. Smi th and Mclntyre (1958) 

reported the implantation into the myooardium of proethetio grafts from 

the aorta. This 1ast teohnique has been submitted to olinieal trial in 

two instanoes with eeeingly good results, but Sabiston and Fonkalsrud (1958) 
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found that in dogs, the graft became impervious after 44 days. 

IVALON SPONGE OPERATIONs This operation was introduced by Vineberg 

and Delyannis in 1958. The operations conists of removal of the 

epicardium (epicardiectomy), suturing strips of Ivalon Sponge to the 

bared myocardium removing the serous pericardium, and finally closing the 

pericardium. The principle of the operation is based on the ~honing 

action of the Ivalon Sponge and epicardietomy, wherein oxygenated blood 

from the left ventricular lumen 1s syphoned into the left ventricu1ar 

wall. (Vineberg and Becerra 1961). (Figure' Numbor 14)'. The 

hydrostatics of the myocardial oirculation is marked1y altered when there 

is narrowing of the coronary innow tract. Multiple l11yocardial 

vascu1ar spaces are emptied. by ventricular systole. During diastole, 

because the coronary innow tract ie constricted a comparative vacuum is 

left unf~ed within the myocardial spaces. Removal of the epicardium 

100 sens the myocardial structure and encourages ~honing of blood from 

the left ventricular lumen. 

The Vineberg Ivalon Sponge operation underwent Ji years 

of laboratory testing before human~plication in a case of ventricular 

failure caused by coronary artery insufficiene,y (Vineberg, 1964). Thirty 

patients have undergone the Ivalon Sponge operation, with three deaths, 

a 10% mortality. The majority of these patients appeared to be hopeless 

at the time of operation. Two thirds had chronic ventricular failure, 

and over two thirds also had had two to four myocardial infarctions. 

Of these patients, 80% showed post-operative improvement which is similar 

to the percentage of animal survivaIs from ameroid constriction after 
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FIGURE 14; Diagram demonstrating b100d from the ventricular lumen 
syphoned into myocardium in the ivalon sponge operation. 
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sponge operation. 1ikewise reduction in heart size bas accompanied 

the improvement. (Vineberg 1964). 

VINEBERG'S TRIPLE OPERATIONI (Epicardiecto~, Sero-Pericardieto~, Free 

Omental Graft and 1eft Internal mammary artery implantation.) 

!gain, this operation bas been extensively tested in the 

laboratory before its clinical application. Vineberg noting the limitation 

of the internal mammary artery implantation operation, decided to look for a 

combined procedure that will revascularize not only the left ventricle, but 

also the right ventricle or posterior ventricular wall. Kato (1965 showed 

in 94 experimental animale that the free omental graf't operation (Fig.15) 

plus epicardiecto~, sero-pericardieotomy and internal mammary implantation 

produoed the beet results with regards to the survival rates and prevention 

of the ischemio damage of the ~ooardium under the triple ameroid ooronary 

ooclusion test (lOoa~ lethal test used in oontrol animals). Following 

this oombined operation 80% of the animals so treated survi ved; in 13% 

of these survivors no gross or microscopie evidenoe of ~ocardial fibrosis 

was found. Injeotion studies in the surviving animals demonstrated that 

anastomoaes had been established between the vessels of the omental graf't 

and those of the mediastinum, pericarcium, aorta and chast wallon one sido 

and those of the coronary system on the other. The mediaetinal, peri cardial , 

sortie, and chest wall omental and omental-ooronary anastomoses were so 

extensive that not only were all coronary vessals filled following injection 

of the thoracic sor ta , but the implanted left internal mammary artery 

was filled in a retrograde manner. In addition to the development of 

multiple mediaBtinal-omental-~ocardial anastomoses, these animals all had 

extensive mammary-coronary anastomoses when studied 190 to 460 days post-

operati vely. 
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Human application of this combined procedure has been 

done by Vineberg since around 2t years ago. In his present series, so 

far 62 patients underwent this combined operation (Vineberg 1966). He 

divided his patients in to two groups pre-operatively : 

Those with no angina at rest - 45 patients. (1) 

(2) Those with angina at rest without apparent cause - 17 patients. 

The results on the 45 patients under group (1) showed two operative deaths, 

an operative morta1ity of 4.4%. Postoperative1y 33 patients had slight 

or no pain and 6 had decreased pain, i.e. 87% showed improvement. Thirty 

patients returned to work; 18 of these (47%) had been unab1e to work 

beforo operation. Among the 17 patients in group (2), there were four 

operative deaths, a morta1ity of 24%. Eight have had no pain and three 

have had 1ess pain, so that 11 are improved (76%). There ware three 1ate 

deaths, 1eaving nine patients still improved (65%). Preoperatively, only 

one in this group was working full time, now, postoperatively nine are 

working full time, using few if any nitroglycerin tab1ets. The degree 

of 1eft ventricu1ar enlargement has been reduced in four cases out of 20 

(25%). Eleven patients of the original 17 (65%) in congestive failure are 

no longer in fai1ure. It is expected that with the passage of time these 

will experience steady improvement with respect to 1eft ventricu1ar 

enlargement and !ailure. (Vineberg A.M. 1966). 

; 

" 
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CHAPTER VII 

EXPERIMENT 

For Many years it has been clear that the internal 

mammary artery when it remains fully patent is only capable of supplying 

sufficient blood to maintain the health of the left ventricle. This 

was brought to Vineberg's attention in 1956 when one of his patients who 

had undergone internal mammary artery implantation four years previously 

died of a ruptured right ventricular aneurysm. A study of this patient's 

heart revealed that the only patent artery in the heart was the internal 

mammary artery, and that 'the left ventricular muscle appeared to be heal thy. 

This and other cases led to the quest of additional means of relieving 1. 

myocardial ischemia caused by right coronary artery disease. 

The results of the Ivalon Sponge operation on animals were 

quite encouraging but it was found that it was impossible to suture the 

sponge to the posterior surfaces of the right and left ventricles and to 

the anterior surface of the right ventricle. In addition to the fact 

that the internal mammary artery was not sufficiently large to supply 

the entire heart in the presence of progressive coronary artery occlusion, 

it is also known that a certain percentage of implanated internal mammary 

arteries, both in animal and in humans, become obstructed or narrowed. 

Because of the above reasons, the combined Vineberg procedure was soon 

developed. Prior to the development of this procedure (Right Internal 

Mammary Implant), Vineberg's combined operation i5 the only procedure that 

answers the criteria for a complete revascularization of the heart. 

In this particular procedure, the right ventricular wall and the posterior 

( interventricular wall i8 revascularized indirectly.through the epicardiectomy 
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and the free omental graft application. The right internal mammary 

implant operation is the second procedure then that will revascularize an 

ischemic myocardium en toto, with an added advantage that it revascularizes 

the right ventricular myocardium and the posterior interventricular wall 

in a direct way, and that is by formation of adequate sized arterioles 

that produce anastomoses between the different arteriolar zones in the 

right and left coronary arterial system. 

METHODS AND PROCEDURES 

1. EXPERIMENTAL AN!MALS,1. 

Fifty-seven healthy adult mongrel dogs of bath sexes of 

around two to four years of age were selected for this experimental study. 

The weight of aU the se dogs were chosen between 40 and .50 lbs. in order 

to have a uniform size of hearts and approximate diameter of the coronary 

arteries. 

These animals were used because of the ease in their 

management. Likewise their relative accessibility and the similarity of 

the physiopathology in their cardiovascular system to that of humans make 

them the ideal experimental animal for this particular procedure. 

Furthermore, thay have been used for numerous studies of a similar nature, 

which further increases their merit in these experiments as a basis 

for comparison of our results with those of others. 

2. PRE-OPERATlVE CAREt 

All of these dogs used in this particular procedure were 

admitted to a community cage at the Donner Building, McGill University, 

." 
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around 2-3 days prior to surgery. Canine distemper vaocine and anti-

canine distemper - hepatitis - 1eptospira canico1a serum were administered 

as 1nstructed during this periode 

They were p1aced on nothing par orem at 1east 12 hours prior to 

surgery. In some cases enemas were given the night prior to surgery to 

prevent bowe1 movements during the actual procedure. 

3. ANAESTHESIA, 

No pre-Medications were given. 

The animals were anaesthetized with intravenous sodium 

pentobarbita1 (nembutal 6tf,). The dosage lias 30 mg. per kg., through the 

cephal1c vein in either fore1imb. This intravenous anaesthesia 1s usua1ly 

adequate to maintain the animal for the entire procedure; however, if 

indicated during surgery, an additional dosage of sodium pentobarbita1 

was given intermittently through the lingual veine The trachea lias 

intubatéd ,with a No. 42 French Cuffed Davo1 tube. Respiration was 

maintained via the endotrachea1 tube with 40% of o~gen and 60~ of air, 

positive pressure 15 cm. H20, rate 16, using a Bird Respirator (Mark 8) 

and Ruben non-rebreathing valve. During surgery, the 1ungs were 

re-inflated every 20 minutes. At the time of closure of the thoracotomy, 

the 1ungs lIere !Ully expanded. At the end of the operating procedure, 

the endotracheal tube was removed when the animal returned to 

spontaneous respiration. 

4. POSITION AND PREPARATION OF ANIMALSl 

In all cases the anima1s were placed in the right lateral 

position. The four extremities were fastened to the upper and lower 

part on the side of the operating table. As regards preparation the 

Il 
,\ 
." 
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1eft thoracic and abdominal wall of the dog was c11pped with an e1ectric 

razor. The skin was prepared aseptically with tincture of metaphen 

1:200 (Nitromerso1 tincture, N.F.). 

5. OPERATION, 

The operation was strictly conducted with the same sterile 

precautions used in a human operating room. The incision was made a 

few cm. 1ateral to the sternum anterior1y to the transverse process of 

the 6th thoracic vertebrae posterior1y, around the 5th 1aft intercostal 

space. The edges of the skin incision were protected with skin towels. 

The incision was then carried down through the subcutaneous tissue and 

muscu1ar 1ayers and each b1eeders c1amped and 1igated accordingly, or 

occas1onally the Bovie e1ectrocautery was used. The left 5th inter-

costal space was identified and access to the thoracic cavity was then 

made by going through the parietal pleura just above the upper border 

of the 1eft 6th rib. A Finochietto chest retractor was used for 

exposure. 

After the 1eft lung was retracted posterolaterally with a 

wet towe1, the pericardium was opened vertically, anterior and paraUel 

to the 1eft phrenic nerve.. Al1 b1eeders were according1y c1amped and 

1igo..ted. 

PLACEMENT OF AMEROID OONSTRIarORSs 

Myocard1a1 ischemia was produced in each animal by the 

gradual occlusion of the right coronary artery at its origin by the 

use of the ameroid constrictors. (Fig. 16) 

The ameroid constrictor is a plastic product made of casein, 

.... " 
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FIGURE 16: A:ncro:1d constrictors and its measurement. 
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which expands upon absorption of water or moisture because of its 

hygroscopie properties. Casein plastic is prepared by mixing powdered 

tennet casein with water. By extrusion under increased pressure and 

temperature, rods of varying dimensions are formed. The rods are 

hardened for a prolonged period in formalin. The ameroid has a 

central lumen drilled ta a specifie dinmeter of 0.110 inch. (3mm.). 

This hygroscopie substance is encased in a rigid steel jacket so as ta 

prevent peripheral expansion. Leading from the periphery into the 

central lumen is a communicating slot large enough (1 mm.) for the 

introduotion of the coronary artery. The limitation ta expand 

periphera.lly results consequently in internal expansion, and thereby 

narrows the central lumen. The ameroids are stored in a dessicator 

prior to their use and are eventually sterllized in a container of 

vaseline in a water batil.for around an hour prior to the operation. 

The initial dessication stoTage prevents water absorption prior to 

sterllization and the vaseline forms a thin coating, thus delaying the 

absorption of tissue fluids. This is done in order ta give more time 

for the heart to re-establish its circulation eithel' naturally or by 

means of revascularization procedures. Litvak (1957) reported that the 

dry ameroid placed in saline solution reduces its central bore from 

0.110 to 0.06 inch in 26 days. Vaseline coated ameroids absorb less 

water and consequently their rate of swelling is diminished. Such 

ameroid constrictors reduce tlleir central luminae from 0.110 to 0.707 

in 32 days and to 0.0708 inch in 54 days. 

Prior ta placement of the ameroid, the right aurlcular 

-~---' , ' 
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appendage was retracted for proper exposure of the right coronar,y artery at 

its origine The right coronary sulcus was brought into the operativa field 

by left rotation of the heart with the left hand during the dissection of the 

right coronar,y arter,y and ameroid placement. If abnormal heart beats oceurred, 

the procedure was temporarily stopped. In order to place the ameroid con-

strictor st the origin of the right coronary artery, the artery was freed 

accordingly from the surrounding tissues. Any bran ch arising from the 

trunk, from the origin to the planned area of ameroid constrictor application, 

was eut between legatures. A cotton ligature was used to retract the artery 

for a few seconds which helped to slide the artery into the slot and hence 

into the central lumen of the ameroid constrictor. After placing the 

artery through the slot and into the lumen, the ameroid was rotated 1800 to 

prevent it from coming off the artery. The placement of the constriotor around 

the origin of the right coronary artery was carried out as quickly as possible 

to reduce the sugical risk caused b,y manipulation around the vicinity of the 

SA node with resulting arrythmia. 

CONTROL GROUf.s The procedure described abovo ws exactly done on this group 

of 20 dogs. In short, these dogs on the control group underwent an ameroid 

placement on the origin of their right coronary artery, followed b,y closure 

of the pericardium in a loose fashion. Closure of the chest cavity will 

be described later. 

OPERATED GROUPs Implantation of the right internal mammary artery within the 

right ventrieular myocardium. 

This group consists of three subgroups, the division being based 

on the technique and site of implantation of the right internal mammary artery 

on the right ventrieular myocardium, and the length of the tunnel created. 
(Fig.17) 

Subgroup li! Seven dogs. The technique used in this subgroup 

was the needle technique and the site of implantation was in the outflow 
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R..,igni int.fZrna( mammanj imp(anfalion'" 

... llilqdt~ fqcltni'JulZ 

FIGURE 17: Diagram i11ustrating technique and implantation site 
for the right interna1 mammary operation. (Subgroup 1). 
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tract of the right ventricle. The needle technique was called as 

such since a gauge # 14 hypodermic needle was used to create the tunnel 

within the right ventricular wall. In this way the frequent 

complication of perforation of the thin right ventricular wall was 

minimized. With the 11 14 needle within the right myocardial wall, a 

straight surgical needle was then guided in. The ligature around the 

end of the mobilized right internal mammary artery was threaded in the 

eye of the surgical needle and pulled in thrQugh the hypodermic needle. 

In this way, once both needles are pulled out wa have the artery 

implanted nicely within the tunnel. Prior to implantation of the 

artery two of its side branches were left bleeding, thereby leaving an 

actively bleeding vessel implanated within the right myocardial wall. 

Between the chest wall and tunnel the artery was left slack enough but 

not excessively 50; undue angulation at either end was not desirable. 

When the position of the implanted artery was satisfactary, a mattress 

sature (3-0 silk) was placed around the projecting tip and it was 

secured ta the right ventricle. Arry bl~leding fram the proximal or 

distal end of the tunnel was usually controlled by light pressure with a 

gauze sponge. The length of the tunnel created in this particular 

procedure was around 2 ta 3 c.m. 

Subgroup 2: Ten Dogs. Site of implantation in this subgroup was the 

same as in subgroup (1) - the outnow tract. (Fig. 18.) The 

difference was in the length of the tunnel. (4 cm. in this subgroup), 

and the technique of implantation. The hemostat (mosquito) was used ta 

creatathe tunnel in the right ventricular wall. In all cases the axis 

1: 
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'1(..c'9ht intarnaf mammary 'implanta/ion'" 

... outflow tract - tunmzl fachnù"!wl 

Diagram illustrating technique and implantation site 
for the right internal mammar,y operation. (Subgroup II). 
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and length of the tunnels were fixed by two stab wounds in the right 

ventricular myocardium. The tip of a hemostat was then inœrted 

into the distal stab wound, and the instrument vas guided to the 

proximal stab wound. As the hemostat advanced, the blades were 

alternately spread and closed to separate myocardial muscle layers. 

Implantation was accomplished by introducing the hemostat through the 

full length of the tunnel, grasping the ligature on the tip of the 

artery and drawing the artery vith its two bleeding side branches 

into the myocardial tunnel. The tip of the 1mplanted artery vas then 

exteriorized at the exit point. Bleeding from perforation of the 

right ventricle (a complication that occurred in 2% of the cases), was 

easl1y controlled by light pressure w1 th a gauze sponge and in some 

cases by suturing with 3-0 sill at the site of puncture. As regards 

tension and fixation of artery, the technique of subgroup one vas 

followed. 

Subgroup 3. 20 Dogs. The same technique of implantation was used 

in this subgroup as in subgroup 2, the tunnel technique with the aid 

of a hemostat (mosquito). The site of implantation was, however, 

different from the first two subgroups, with the length of the tunnel 

being particularly slightly larger (4.5 to S cm.) in this case. The 

site chosen for implantation was the superior lateral aspect of the 

right ventricle almost parallel to the direction of the right main 

coronary artery, and going just beneath its main ventricular branches. 

(Fig. 19). As in the two previous subgroups, once the position and 

tension of the implanted artery was judged satisfactory, a mattress suture 

" 
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J{L9ni intflrnae .mammar!l implanta lion' •. 

_ .. funmzl- suparior laflZfQ{ Qspt2d : rt. llïZl1triclll 

Qmaroid 
con"trlclor 

Diagram illustrating technique and implantation site 
for the right internaI mammary operation. (Subgroup III). 
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was placed around the projecting tip to secure the artery to the wall 

of the right ventricle .. 

Exposure and mobilization of the Right Internal Mammar;y Arter,y prior 

to implantations 

Access to the right chest cavity was accomplished b.r 

retraction of the lung and the heart posteriorly, and b.r going through 

the very thin mediastinal pleurs separating the left !rom. the right 

cheot cavi ty. The internal mammary artery is visible down to the 

third intercostal spBce, then it passes behind the sternocoBtalis muscle. 

The sternocostalis musole was inoised !rom the 6th to the 5th interspaoe 

and was disseoted medially from the ohest wall as a flap to expose the 

underlying artery. The internal mammary artery W8B then freed of 

overlying pleura, fascia and muscle from the 5th up to the level 

between the lst and 2nd intercostal space. Once the right mammary 

artery vas mobilized, all the intercostal branohes vere accordinBiY 

identified and isolated, then ligated vith 5-0 silk suture and divided. 

At the level of the 5th and 6th interspaces, however, the side branches 

of the artery were preserved, sinc. each side branch at this level is 

considered as a potential source of revascularization. In the 

mobilization of the internal mammary artery, a meticulous technique 

has to be employed. Preferred instruments for dissection were blunt 

nerve hooks, lo~handled scissors, amooth forceps and long.handled right 

angled clamps. The mobilized right interna1. mammary artery W8S left 

in continuity in the chest wall. After prepration of the tunnel (site 

of tunnel and technique of implantation depending on what group the 
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animal belongs) the operator returned to the prepared intemal 

mammary artery and divided thia between ligatures (2-0 ailk), just above 

branching of the mammary artery into i ts two terminal branches, the 

superior epigaatric artery and the muacw.ophrenio artery. The 

mobilized artery was then drawn aw~ from the chaat wall and the two 

aide branohes out aa far a~ !rom the parent vesael as possible. In 

this study two side branohes were left actively bleeding. Implantation 

was then aooomplished as described in each group. 

The entire procedure oould be eummarized as follows 1 

(.1) Routine left sided thQracotomy and acoess to the 

right chest oavi ty through mediastinal pleura. 

(2) Mobilization of the right ooronary artery as ita 

origine 

(3) Mobilization of the right internal mammary artery 

from the 5th to the lat intercostal opace. 

(4) Correot placement of the ameroid on the origin of 

the right ooronary artery. 

(5) ImplantatiorL of the right internal mammary artery 

into the right ventriO\Ùar myooardium. 

CLOSURE. The pericardium waa approximated loosely vith 3-0 merseline 

suture, if no implantation procedure ws to be done. Otherwise in all 

implanted cases the pericardium vas left unopposed to prevent any 

adheaions between the implanted vessel and the ar~ which in effect 

later on might cause kinking of the vessel. 

Two No. 16 Frenoh catheters vith mw.tiple openings at the 

f' 
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end were introduced in the chest cavi ty, one on each side and brought 

out through separate openings an inch belov the left thoracotomy skin 

incision. Closure of the chest wall wae done in a rQutine faehion 

approximating the adjacent ribs vith "0" merseline sutures in an 

interrupted faehion. A rib approximater vas used ta bring the two 

ribs together. The thoracic wall vas closed in l~ers, using 

continoua 3-0 marseline sutures for muscles, then interrupted mattress 

3-0 merseline for the skin. During the closure of the che st, the 

rubber oatheters vere connected to two under-water drainage bottles. 

In casa of control animals only one chest tube vas used. 

6. IMMEDIATE FOST-OPERATIVE CABEI 

The animal received 2 cc. of FortimYcl.n (400,000 units of 

Penicillin and l gm. Streptomycin) and 600,000 uni ts of Bicillin 

intramuscularly. 

The chest tubes were removed after no more air or fluid 

was seen coming !rom the thoracic cavi ty. 

After spontaneous respiration vas noted the endotraoheal 

tube was removed. The animal. wae moved to an indi vidual cage in the 

recovery room. 

1. FOST-OPERATIVE CABE 1 

Twenty four houre after aurgery the animal. vas transferred 

to a communi ty cage from the indi vidual oages in the recovery room. 

After 1 d~s and the general. condition of the animal permi ts i t, the dog 

vas then Dent to the farm for further chronic oare. 

During the post-operative period at the Donner Building, 

5th floor, olose observation was taken to prevont untovard complications. 

.'\ 
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Thoracentosis was performed if sny nuid or air accumulation ws noted. 

If necess~ the animal ws kapt thera two or threa weeks in an 

indi vidual oage. 

FOS'lMORTEM STUDIES 

All dogs underwent numerous postmortem studies on the 

day of death or sacrifice. The dog was sacrifioed vi th intravenous 

administration of heparin (2 mg.jkg.) and pentobarbital sodium 

(60 mg.jkg. of bo~ wt.). 

The dog ws then bled through a oanula in the femoral 

artery at'ter a femoral cutdown. 

Thoraootomy vas performed through the left-fourth inter

costal space, and then BOoass made into the ohast oavi ty wi th the 

aid of a sel.f-retaining retractor. Both lungs vere examined 

extensively to de termine any possible pathology present. Attention 

vas then focUDed to the heart and the implanted internal mammary (i.e. 

if dog belongs to implanted group). The heort wi th the implanted 

internal mammary artery vas then removed en toto, severing the artery 

just as i t oomes off the subolavian. The internal mammary artery was 

cannulated with a medium sized polyethelene tube and injeoted with 

Schlesinger Mass , at pressures ranging between 100 and 120 mm. of Hg. 

The new Sohlesinger Mass (Schlesinger M. 1938) consists of a 

suspension of lead phosphate in agar, whioh seta quickly thus permi tting 

immediate radiography and cutting of the .t'rash unfixed specimen. ~s 

injection lIlaee doee not pase tbrough vessels leee than 40 micra in 

diameter. During the prccess of injeotion, the state of filling of 

the internal mammary artery we oaref'ully noted, including the 

presence of branohing and anastomoeie wi th right and left ooronsry 

"".,. 



-113-

arterial system, grading this accordingly. Then the heart vas X-r~ed, 

taking severa! expoaures in an AP and a slightly oblique position. 

In cases wherein thera is no filling of the coronary 

arterial treo by the interna! mammary injection, thon the right and left 

coronary ostia were cannulated with meta! cannulae and injected 

respectively with the Schlesinger mass. Separate X-~s were taken 

after injection of each coronary artery. 

When the Schlesinger mass hOO solidified, the heart vas 

unrolled following Schlesinger's teohnique (1938) and X-~ed in order that 

the interooronary anastomoses could be studied along with the ohannel 

formed (in cases of BUccessful implants) to by-pass the area of ameroid 

coronary artery ol)fI'b"\tcllon. 

The extent of anastomoses was graded and reoorded as follows. 

(Vineberg et al 1962). 

No anastomoses 

Anastomoses present 

Good anastomoses 

Complete anastomosas 

o 

X 

In the control group the heart was also removed in i ts entirety then both 

coronary ostia cannulated and injected with Sohlesinger mass. The 

right ooronary opening was injected first to de termine in a ~ the degree 

of occlusion produoed by the ameroid in the origin of the right coronary. 

This was followed by injection of the left coronary.ostia. The filling 

of the left coronary system was carefUlly noted especially in reference to 

the frequancy of anastomoses between the branohes of the laft anterior 
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descending artery and branches of the right coronary artery. Separate 

X-R~s were taken after injection of each coronBr,1 artery. Unro11ing 

of the heart fo11ows this procedure, wi th another X-Rs\Y film right 

after. 

BIS'IOPATlIOLOGICAL SiUDIES 1 

The heart of each animal (imp1anted and control group) was 

examined gross1y and microscopical1y for presence or absenoe of iaohemic 

myocardial damage. The right ventrio1e as well as the interventriou1ar 

septum were sectioned in many places to de termine the extent of mioroscopic 

infarction or fibrosis. The right ventrio1e was out transmural1y from 

the base to the apex, about 0.8 cm. apart. The interventricular septum 

as we11 was sectioned horizontally from the anterior to the posterior 

portion, about 1.0 cm. apart. The extent of myocardial infarotion or 

fibrosis was graded as fol1owsI 

No myocardial infarction or fibrosis o 

Focal or scattered x 

Moderate xx 
Massive xxx 

The patenoy of the imp1anted internal mammary artery was 

determined over its entire 1ength of the myooardial tunnel as the 

percentage of the original arteria1 sectional area of the lumen. The 

extent and frequency of mammary-coronary anastomoses also were recorded. 

The portion of the right coronary artery 1ying wi thin the 

ameroid constrictor was dissected aw~ from the heart and removed from 

the ameroid constructor. Multiple microscopio seotions were taken to 

determine the extent of narrowing of the 1umina of the rlght coronary 

artery. This has been recorded as the percentage ooc1usion of the 

original ooronary aeotional area of the lumen. 

.- ., 
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PATENCY DETERMINATION OF ARTERIAL ruMEN! 

Patency studies on the histologica1 sections were done with 

a Zeiss binocular miscroscope with the slide placed on top of graph 

paper (80 divisions per inch) fastened to the stage. 

Patency percentages were obtained by ratio of the number of 

squares occupied by the lumina divided by the t.otal area occupied by 

the vessel. 
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RECORDS AND TABULATIONS 

Al1 the findings of individua1 animals were 

carefu1ly recorded and tabulated in each group. 

., 
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TABLE J;~J; (1) -, 
~tmUlruAL ANIMIY. n~BQ~ 

Q;,UimQL GIlQlll! 

~~ SEi ~~~~I DATE OF OPERATION ~T~A~~~~ POST::OP:gTlVE 
oou S 

271*\ M 4<> 'Z7 July '65 3 Fob. '66 uneventful 

856*\ F 46 3 Sept. '65 3 Feb. '66 uneventful 

884 M 48 15 Sept. '65 13 Oct. '65 uneventful 

838* M 45 21 Sopt. '65 J Feb. '66 minor wound infoction 
othorwiso uneventful 

230· H 45 29 Sept. '65 2 Feb. '66 unevontful 

4<>5· F 45 1 14 Oct. '65 10 March '66 uneventful 

129 F 45 28 Oct. '65 J Doc. '65 uneventful 

816· M 44 29 Oct. '65 16 Feb. '66 minor wound infection 

34<>· F 44 5 Nov. '65 2 Feb. '66 uneventfu1 

264· F 40 12 Nov. '65 16 Fob. '66 uneventful 

484· M 46 24 Nov. 65 17 Harch '66 uneventfu1 

419· H 46 1 Deo. '65 10 Horch '66 unevontfu1 

446· M 45 2 Doc. '65 17 Horch '66 minor wound infection 

103· M 48 1 9 Doc. '65 23 Morch '66 uneventfu1 

466· M 44 10 Dec. '65 23 Harch '66 uneventful 

450· M 43 14 deo. '65 23 Harch '66 uneventfu1 

425· F 48 5 Jan. '65 2) Horch '66 unovontfu1 

412· F 40 21 Jon. '66 21. Horch '66 unovontfu1 

470· H 43 1 Fob. '66 24 Harch '66 unoventful 

401· F 44 8 Fob. '66 24 Horeh '66 unoventful 

• oaerlf1cod 
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TAB~ J;J;J; (2) 

r 
;WQJ;~œl!L ANIMAL ll!;ooBQ§ 
~~~TED GBOU~ -

st/EGROVP I. 

DOG SEX WEIGHT DATE OF OPERATION POST-oPERATIVE 
NO lbs COU E 

278+ M .50 16 July '65 1) Sopt. '65 unovontfu1 

25~ M 42 22 July '65 4 Oct. '65 uneventfu1 

272- M 1~5 2) July '65 4 Oct. '65 imovontfu1 

274 M 41 26 July '65 7 Aug. 165 unovontfu1 

21)- F 41 5 Aug. '65 ) Nov. '65 uneventfu1 

86~ 1 F 44 7 Sept. '65 10 !lov. '65 unevontfu1 

1 
877+ 1 M 1~2 9 Sopt. ~5 16 !lov. '65 unovontful 

1 

+ naorlflcod 
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TABLE UI (3) 

-r 
.& 

;rnDl~W6L ANl!1A1. B:t;ooHQ2 
Jl:ŒL8l!l!D GllQur -

SUBGROUP II 

DOG SEX WEIGHT DATE OF OPERATION DATE OF DEATH POST-OPERATIVE 
NO. (lbs.) OR SACRIFICE OOURSE 

946· F 45 16 Sopt. '65 20 Jan. '66 unovonU'ul 

248· H 46 22 Sept. '65 20 Jan. '66 unoventful 

256· H 42 23 Sept. '65 27 Jan. '66 upper part of wound 
rosutured on 4th 
post-operativo day 

223 F 42 27 Sept. '65 24 Nov. '65 unovontful 

505· H 40 28 Sept. '65 25 Jan. '66 uneventful 

456· H 50 40ot. '65 25 Jan. '66 uneventful 

273· H 45 60ot. '65 19 Jan. '66 uneventful 

704 F 45 70ot. '65 6 Nov. '65 wound infeotion, 
lowor aspeot of 
wound 

460· F 45 13 Oct. '65 19 Jan. '66 unevontful 

220· i H 46 18 Oct. '65 27 Jan. '66 Thoracontesis 8 cc 
clear yollow fluid 

• sacrificod 

," 
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TABLE lJ;J; (4) 

'fi' 
~ 

1HD1:a!!!~ AlID:!~ l!§CXlBm 
ml!L&l:ŒD GBQl,!f -

SU~GBQ!!f lU 

DOG SEX WEIGHT DATE OF OPERATION DATE OF DEATlI POST-OPERATIVE 
NO. 'lbll.} OB sAg!1F1CE CXlU~E 

802· M 45 19 Oot. '65 21 Jan. '66 unovontful 

209· M '0 22 Oot. '65 2 Fob. '66 unovontf\ù 

302· M 42 25 Oct. '65 3 Fob. '66 unovontful 

869· M '0 26 Oct. '65 2 Fob. '66 IInovontful 

833· M 45 27 Oct. 65 3 Fob. 166 unov'lntful 

'182· F '.2 1 Nov. 165 9 Feb. '66 unoventful 

447· F 50 2 Nov. '65 10 Fob. '66 unovontful 

476 M 47 10 Nov. '65 31 Jan. '66 uneventful 

849· M '.7 15 Nov. '65 10 Fob. '66 unoventful 

469 F 45 11 nov. 165 14 Doc. '65 unoventful 

889 F 45 9 !lOVe '65 30 Deo. 165 unoventful 

488· M 40 6 Doc. 165 2'. Fob. '66 unoventful 

'107· F 43 23 Nov. '65 17 Fob. 166 unevontf'.Ù. 

429· F 'Il 17 Nov. 165 24 Fob. '66 minor wound infection 

'.20 M 44 7 Doc. 165 4 Jan. '66 uneventful 

406· M 45 13 Dec. 165 2) Feb. '66 Thoraoentooio 10 co. 
clear yollow fluid 
7th poot-oporativo day 

474· H 41 7 Jan. 166 30 March 166 unevontful 

451· M 41 Il Jan. 166 30 March '66 uneventful 

404- F 44 18 Jan. '66 30 March 166 uneventful 

'·59 - M 46 12 Jan. '66 JO March 166 uneventful 

• Sncr1ficod 
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TABLE IV (1) 

(1 
CONTROL GROUP 

ooG PERCENTAGE OCCLUSION 
NO. RIGHT CORONARY ARTERY RIGHT VENTRICLE 

271- 77'1> 0 0 0 0 

856- 100:' 0 0 0 0 

884 96'1> 1 x 2 CD.l"eCent 0 +++ l"ocont 0 
, postel"1ol" 

, lateral wall 
838- ; 100'1> 0 0 0 0 

! 
230- ; 92'1> 3 Je 2 cm.post- 0 ++ old, healod 0 

1 er10r wall, 

1 

hoalod 

405-' 95% 0 0 0 0 

129 96'1> 0 0 +++ recent 0 
postol"101" wall 

816- 85'1> 0 0 0 0 

340- 94% 0 0 0 0 
1 

264-1 
1 87'" 0 0 0 0 

484- : 87'1> 0 0 +++ old, 0 
healed anttll'O-
latoraJ. wall 

419- ' 98% 0 0 + to ++ recont 0 
antol"O-latel"al 
wall 

446- 92'f. ',3 x 3 CII1.anhl'O- 0 +++ old, 0 
Ilatoral wall,old healed 

433- 100% 1 0 0 ++ old, healed 0 
1 

postol"iol" wall 

466- 92'1> 0 0 + old, hsaled 0 
antol"O-latel"al 
wall 

450- 70'1> 0 0 0 0 

425- 88% 0 0 + old, hoalod 0 
antero-lateral 
wall 

412- 100': 0 0 + l"tIcont 0 
nooros1s focal 
poster1or wall 

470- 971> 0 0 ++ rece~t 
~~ro- attlral 

0 

401- 89'" , ~ {e2 f".aWol"O-a ra wa ,014 
0 ++ old, hoalod 0 

- sacr1f1ced 

-_.-~----' 
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TABLE IV (2) 

IMPLANT SUBGRQUP l 

INFARCTION 
OOG 'PERŒNTAGE OCctUSION GROSS (RECENT AND JŒALED) HIC!!OSCXJPIC (RECENT AND HEAlEP) 
NO. :RIGHT CORONARY ARTERY . RIGHT VENTRICLE 'INTBR-VENTRI- RIGHT VENTRICLE 1 INTBR-VENTR!-

1 aJLAR SEP'IUH aJLAR SEPWH 

278- 95'1> 0 0 0 0 

254- 90% 0 0 0 0 

272- 86~ 0 0 0 0 

274- : 94'f, posterior wan 0 ++ recent 0 
'2 x 2 CIII. 

recent 

213- 100'1> 0 0 + (fibrosis) 0 
antero-
lateral wall 

86~; 971> 0 0 0 0 

87?- 92'1> 0 0 0 0 

J, 

- Sacriticed 
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TAWiE Iy (3) 

f 
IMPLANT suBGRQUP II 

INFARCTION 
DOG IPERŒNTAGE oCewSIoN' GROSS 'RliCEHT AND HEATIID) MICROSOOPIC 'RECENT AND HRAJ,RD) 
NO. RIGHT OORONARY ARTERY , RIGHI VENTRIctB !IN'IER-VENTRI- RIGHT VENTRICLE INTER-VENTRI-

! QJLAR SI!:P'l'tw. CULAR SEP'n1M 

946·' 77'" 0 0 0 0 
1 

248· 90'/. 0 0 0 0 

2.56· 65% 0 0 0 0 

223 94'/. 0 0 ++ healod 0 
antero-latera1 

vall 

50S· 92$ 0 0 0 0 

1~.56. 93'" 0 0 0 0 

273· 91'1- 0 0 0 0 

704 89'1- 0 0 '++ (lIUbendo- 0 
1 cardiAl 

460· 100'" 0 0 

linrarc:on 

0 
1 

220· 90:' 0 0 1+ tibrosis 0 
antero-1ateral 
i vall 
1 

• sacr1tioed 

.. , 
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TABLE IV (4) 

t 
§l,!~Boul! lU 

IPERCENTAGE OCCLUSION g&1~ ,~~tiHEALEDl DOG t1l~~~flli Umœ.ti:c Atm 1iii61of.iDl 
'001 RIGHT OOROIIARY ARTBRY, RIGHT VENTRICLE INTER-VENTRI RIGHT VENTRICLE 'INTER-VENTRI-

cuL!:!! SEP'roH CULAR SEP'IUH 

0 0 0 0 802* 95'1> 

209$ ! 100'" 0 0 0 0 

302t l 
1 

88'" 0 0 0 0 

1 

95'1> 869* ! 0 0 0 0 

833* ; 100~ 0 0 0 0 

482t , 98~ 0 0 0 0 

447· . 80'" 0 0 0 0 

476 91'1> 0 0 0 0 
1 

849* 100'1> 0 0 ++andocard1al 0 
f1bros111 .~: 

antBro-latBral 

1.. wall 

464- 100'" Posterior Wall +++ re081'1+. 
recant 2 x 2 CIII, 0 1n!orot 0 '.1 

889 100~ AntBro-latel"al 0 ++ reeant 0 
wall 3 x 3 CIII, inrarot. 
recant 

488- 86", 0 0 0 0 

4O?- 100'1> 0 0 0 0 

429- 88'1> 0 0 0 0 

420 90" 0 0 +++ reeant 1n- 0 
tarct antBro-
lateral wall 

406- 96" 0 0 0 0 

474* 100'1> 0 0 0 0 

451* 8l:t 0 0 0 0 

404* 96'1> 0 0 0 0 

459- 88'1> 0 0 0 0 

• lIacr1 f1ced 



(1) 

(2) 

l 
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TANE Y 

PERCENTAGE OF INFARC'l'ION - GROSS AND MICROSCOPIC. 

Control Group 60% (Massive = 20% 
(Mode rate = 25% 
(Scattered f'oci = 15% 

Implant Group -
No. l ------- 28% (Massive = O~ 

(Moderate = 14% 
(Scattered f'oci = 14% 

No. II --..,---- 30% (Massive = 0% 
(Moderato = 20% 
(Scattered f'ocj. = 10% 

No. III - - - - - - - 20% (Massive = 10% 
(Moderate = 10% 
(Scattered f'oci = 0% 

AVERAGE PERCENTAGE OCewSION OF THE RIGHT CORONARY ARTERY 
WITHIN THE AMEROID CONSTRICTOR PER GROUP 

Control = 86.7% 
(1) Subgroup l = 93.4% 

(2) Subgroup II = 87.1% 

(J) Subgroup III = 93.6% 



Control 
(20 doga) 

Implanted 
Group 1 

SUbgroup l 
(7 dogs) 

SUbgroup II 
(10 dogs) . 

SUbgroup III 
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TABLE YI 

OOMPARATIVE RE3JLTS OF THE DIFFEREliT GROUPS IN RELATION 'ID 
OORONARY OCCLUSION, ~RTALITI RATE AND PERœlTAGE KroCARDIAL 

INFARCTION 

AVERAGE PERCElITAGE HORTALITY KYOCARDIAL INFARCTION 
OCCLUSION OF RIGHT : RATE GROSS . MICROSOOPIC ' AVERAGE 
OORONARY ARTmY PERCEIITAGE PERCENTAGE PERCENTAGE PERCENTAGE 

INFARCl'ION 

86.~ 10~ 20% 60'" 60'1> 

93.4~ 14% 14% 28'" 28% 

87.1'1> 2O'f, of. JO~ 30% 

93.6f. 20'f, • 10% 201> 2Of. 

• 4 deaths out of 20. One of the mortalitieo showed no evidenoo 
of l!I,Yocl1rdial infarotion (gross or microscopie). 
Postmortezn studies revealod pneumon1a as eauso of death. 
Actual mortal1ty rate = 15f. 

1. 



OOG 
NO. 

278· 

254* 

272· 

274 

21)· 

864* 

877-

l. 
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TABLE VII (1) 

IMPLAHTED GROUP 

SUOOROUP l 

PERCENTAGE PATENCY OF THE DlPLANTED INTERNAt MAMMARY ARTERY AND EXTENT OF 
HAMliARY -RIGHT CORONARY AlIASroHOSES AND MAMMARY LEFT AlITERIOR DESCENDIIIG 

AlIASroMOSES IN A "PLUS" GRADING 

PERCENTAGE PATENCY EXTENT OF MAHMARY -
INTERNAt MAHHARY ARTERY RIGHI ooRQNAR! ANASTQMOSES 

10~ 0 

20% 0 

)5'1> 0 

28'1> 0 

'2~ 0 

zI, 0 

471> 0 

Average porcentage Patency 

Average Mammary - Right Coronary 
anastomosis 

Average Mammary - anter10r descend1ng 
annatomos1a 

• sacr1f1ced 

EX'rmT OF MAMMARY -
1 ANTERIOR DESCENDING ANASTOMOSES 

0 

+ 

0 

0 

0 

0 

0 

2005'1> 

of, 

f 



( 

( 

OOG 
NO. 

946· 

248-

256· 

223 

505· 

456· 

273-

704 

460· 

220· 
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TABLE VII (2) 

IMPLAHTED GROUP 

syBGROUP Il 

PERCENTAGE PAT~CY OF THE IMPLAID'ED INTERNAL HAMMARY ARTERY AND EXTENT OF 
MAMMARY - RIGHT OOROIiARY ANASTOMOSES NID HAMMARY LEFT AlITERIOR DESCENDING 

ANAS'roMOSES IN A "PWS" GRADING 

PERCENTAGE PATENCY EXTENT OF MAMMARY - EXTENT OF MltM}IARY -
INTERNAL MAMMARY ARTERY RIGHT CORONARY ANASTOMOSES ANTERIOR DESCENDING ANASTOMOSES 

401> +++ 

531> 0 

6'ëf. 0 

2O~ 0 

51> 0 

20~ 0 

71> 0 

15~ 0 

72:1> 0 

60'1> 0 

Average percontage pntency of 1nternal mammary artery 

percentage of mammary -r1ght coronnry anastomos1s 

Percontage of mammary -antor1or descend1ng annstomos1s 

+++ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

= 34.91> 

= 101> 

= 101> 

• sacr1f1cod 



( 
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TABLE \TIr (3) 

IMrLAN'ŒD GROUP 

SYBGRQUPIU 

PERCENTAGE PATENCï OF THE IMPLANTED INTBRNAL KAMKARr ARTERl' AND EXTBNT OF 
HAMMAR'! - RIGHT OORONARY ANASTOMOSES Am MAMMARY LEP'T ANTERIOR DESŒNDING 

ANASTOMOSES IN A "PWS" GRA!JING 

:~ ;IN~=T~~W~~1t{ EmNT OF HAKKARY - ElTENT OF MAMHARY -
RIGiIT OORONARl' ANASTOMOSFS ANTERIOR DESCENDING ANASTOMOSFS 

802- 54~ +++ +++ 

209- 5O~ +++ +++ 

302- 67~ +++ +++ 

869- . 70'1> +++ +++ 

833- • 60~ +++ +++ 

482- 721- +++ +++ 

447-
1 

6~ +++ +++ 

476 65~ +++ +++ 

849- 50'1> +++ +++ 

464 52f, 0 0 

889 65't 0 0 

1188- 65'1> ++ 0 

407- 671> +++ +++ 

429- 54~ 0 0 

420 8Of, +++ 0 

')~6- 35f, + 0 

474- 71'1> +++ ++ 

451- 75f. +++ ++ 

404- 70'1> +++ ++ 

459* : 64f, 0 0 

* a&or1r1cod 

Average peroentAge patoncy of 1n1:.ernal lIIaD1111ary artary = 62.~ 
Peroentage of IIIll11\111&ry - r1ght coronary anaetollloa1a = eof, 
Percllntago ot m8Jlllllary - ant8r1or deacending anaetollloa1a = 65'" 
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TABLE VIII 

AVERAGE NUMBER OF SURVIVAL DAYS IN IMPLANTED GROUP EITHER DIED 
OR SACRIFICED . 

IMPLANTED GROm: 

Average number of days (Subgroup 1) = 62.1 days 

Average number of days (Subgroup II) = 99.2 days 

Average number of days (Subgroup III) = 80.7 days 

.. 
\ 



( 

( 

, 
OOG NO.! 

230-

405-

129 

816-

)40-

264-

484-

419-

446-

433-

466-

450-

425-

412-

470-

401-
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TABLE IX 

RELATIONSHIP SHOWING PERCE:lTAGE OF ANASTOMOSIS BETWEEN ANTERIOR DESCENDING 
ARTERY AND BRANOIES OF RIGHT OORONARY ARTERY IN OONTROL GROUP IN "PLUS" 

GRADING 

PERCENTAGE OF ANASTOMOSIS BE'l'WEEN ANTERIOR DESCENDING ARTERY AND 
RIGHT OORONARY ARTERY 

o 

o 

o 

++ 

o 

++ 

o 

o 

o 

o 

o 

++ 

++ 

o 

o 

o 

o 

o 

++ 

o 

Peroentaga of anastomos1s = 25~ 

- s&or1f1ced 
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TABLE X 

( 
OOMPARATIVE SUMMARY OF RESULTS IN IHPLANTED GROUP 

!AVERAGE HUMBER OF 
1 

1 AVERAGE PATENCY AVERAGE PERCENTAGE IAVERAGE PERcmTAGE 
1 SURVIVAL DAYS :OF INTERNAL OF HAMMARY - RIGHT fOF MAMMARY - LEFT 
: (DIED AND MAMMARY ARTERY OORONARY ANASro- !ANTERIOR DESCENDING 
1 SACRIFICEQ) HO SES !ANASroMQSES 

Subgroup l 62.1 daya 20S~ 0'1> 14% 
(7 doga) 

Subgroup II 99.2 daya 34.9'1> 10:C 10% 
(10 dog,,) 

Subgroup III 80.7 daya 62.7f, 80% 65% 
. (20 doga) 

( 



FIGURE lCJ(a): 

-lJJ(a)-

Exporimontal anjmal l'lo. 27F had rir"ht "1 nternal mamrnary 
artory implantation to the rif'ht Vfmtric\Jlar m,y;ocard1.um. 
(Neodle technique - site: outflow tract). This anima1 
helon[od to stlbf~rOUp 1. 5f-; d::rvs after operati.on tho 
animal 'oTas sacrifj cod for post.mortem stud:i.es. The rif'hi: 
internR.l mammary "JaS injoctod vrith Schlesjnr~er mass. 
The implanted vessel "11l~; noted to ho partly obli teratecl 
within as could he seen in the ptctllro. Patency of the 
:i.mpl antoc! :i nternal mammary artery viaS mon surod to he 
lOp. Likowi.se no Bvidenco of mnmmal~ - coronary 
nnastornosi s. 
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i<)f l'''r i .":C' ~1 ~ ""1 :!!~'i rn:ll 'l(,\. /. ,/ 

:\ r t (, r: ' j !'11 1 :\ nt '\Ii f. • ~ 1 1" 1: 1 '! 

( t, \ 1 n r: (; 1 t l' C \-, r~ i (111 p :-'1 t (.': 

h (. ! Cl t l ' ~ ("! d 1 r) : ~1 11 l' 1" 0 1 ; [ 1 j. 

:1 ni 111:\1 

l'i":ll 

t '1:' 

'<l'l:-. :~:\Cl'i!ï el'r: "(JI' 
l!lJ,'~r!:,'ll :r.;lrW·:ir:,' \-,1"1.( 

L(, r(: r!()t .. ~d l;:.'!! "~,fI 

'!,':d r:i I~";t i !!IJ'rn:ll ~r.,1I';~"',:lr·,~ 

roi 'j-1 ':"r \.r"i (~1;'1 .'11" ~l·.\,()r~,~lrd iU:'i 

(\\It :''\''\·1 t l"lct). Thi:' :\rJ'l!ral 

1 ;.~. .!:I ': :' :li 't r:r l il J r ~ 1':\ t 'j (' n , 

': :'. t \:1 rl : (. ( l '! r t f' f':: i" 1,' l • (. ~', ;,:1 1 



f';xpor:imontal anim!11 
.1.rter,'{ impl!1nt!1t-i.on 
(t.\lnnpI technique -
rif~ht vonLricle), 

!-:a. 4,('2 had ril'hi. internaI In.1.mmary 
ta the rif'ht vonLricular mvocarù:ium 
:>:1to: 511ner:ior latcral asr,p,ct of 
101 days aft8r opor.'lti.o>] thi s nn'im'tl 

W:l:' ~;,lcr:if:icr~cl for po.::il'i"y-I"p :I_l.':':j,_, ':':,n r:i,'h!' 
i'!1prn:11 rr::\Tnrr.lr:; !1rt.rer.'l W:I;, i::,~"Ctc,c1 v1"ith SchJe~;'ini"ür 

:TI:!:',:~ \)!ldr'r !'rp,~;s\lre of 100 mm. of t:,. ThorCHwh 
V'i:-llil1:il'aL"ion of t.he ri,l:ht coroll.'lr;/ Ilrtr:rjaI Ire .. 1,o1!1;, 
rtül.er!, 1\1\l~( fi11ill!' of tho left co!'onar,v arh:-r'i:l'] Sy::t8rf. 
I.)lrlll]i·h ;lt~il;.torno~(i::, with Lhn 'l(:ft. :!nt."l'ior dr::::;cendilw :lrlc'r,v. 
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Fl,~llRi': ?l: The ;,;].me an:irnal U I.j.f,?) with Uv: hoart unro11m-J. 1,:/ 

the Sch1eS111f'er m0thoù, i:oLo t.ho pxlcnsi'lp 
1f'n"t.omo"1,, arollno ~,it(! of" imp1anLation. 
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l'hotOfl!icrol'I':li'h of 1'\1" X-:3cct',ior: of t.ilP. irll}anl.ocl 
:inLorn:ll m:lmrn;lr.'1 artel'.\' of Pl'~ ,ilmp :lnimal' (IÎ I.:·?). 
There "!aS almo~;t. no -"ln!'.in1al proli fcratioll :lncl 
Sc:,le:ill;'Cr ma~;" (,oille! Iw· ,eon withill t\ll') ll1n10r. 
of thf~ maill vc""cl !lnd l-ikr:>Hi"o in t.he rr:\'ocardi:ll 
hran(,\l notnd or t.hr, 10wC'r l (on. \l!lllCl cornr-r. 
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T\18 é1njrnal (if 4D,?) lInderwent postrnortern studios Cl) 
days after ril~ht internal rnamml1ry artery imr,lan ta tian 
to the ri[~ht ventrjclIlar myacardium (tunnel Lcchnjque; 
sjte - superior luteraI aspect of rirht venLrjcle). 
Injection of the rirrht int.ernal mammary artery wit.h 
Schlesinrrer mass shows extensive: mammary - dFh t. 
coronary and rnammary - loft antorior dc,soer.di ni' 
anas tomo !;is. 
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~amc animal (If I~O'i) wi. U. tl,f) \wart ulirolled ~~howj nf' 
"X t"onsivo mnmm(lry - coronar,V ;jnn~;tomod;.. 
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Vi _U;~f·; ?"i ;~'lmr: an:imal (.~ IH!'/) ~;howi ni' the blo\m ur ~,i ct.1Jrc, 
or PH' ~;ite of -jmr\lantation of P1<: r:il'ht inh"rn:ll 
m,~lmrn.lr:; art8r,'1 j~ th0 l'i'-ht vr-:ntric\llar m:;ocnrdjuflI. 
::ot(~ cxLen"ivr· ;lr.astomol'ir ch;lnr:('l~: f()r~erl arOllf.rl 
Liw cntirc lfn:,-\h of th0Îrnlll:lnh'd V(,~:;,el. 
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RESULTS 

The resul ts of tbis entire work are tabulated in such a way 

to give as expansive a coverage as possible of the entire project. 

Individual and averaged-group distribution records are presented for 

olarifioation and oorrelation of results, this leading to definitive 

conolusions. 

CONTROL GROUPa 

In this group of 20 doge (12 males and 8 females weigbing 

an average of 44.4 lbs.), the average per oent ooolusion of the right 

ooronary artery was 86.7% ranging from 100% to 70%. The mortali ty 

rate was 10%, sinoe two animale died out of the entire group of 20. 

Kassi ve reoent infarotion (+++) vas evident on these two animale that 

expired. 

Grossly, only four hearts (20%) ahowed defini tive infarotion 

of the right ventriole. Microaoopioally, infarotion was evident in 

12 hearte, either reoent or healed, giving us a aignifioant figure of 

60% in the oontrol group. In !!! the animals that infaroted, 

pathology was evident only in the right ventriole; the interventrioular 

septum oompletely free on all oases. Four animale (20%) out of the 

twenty showed massive myooardial infarotion or fibroais on the right 

ventriole, five animale (25%) showed moderately severe myooardial 

infarotion, and 3 animals (l~) showed miorosoopio soattered foci of 

myooardial neorosis. Eight animals (40%) were entirely disease-free. 

Anastomoses between the anterior desoending branoh of the left ooronary 

artery was noted in five animala giving ua a 25% intercoronary 

anastomosos. 
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IMPLANTED GROUP 1 

SUBGROUP Il (The need1e teohnique; artery implanted on outfiow 

tract). There were 7 experi.mental animals (1'ive males, two 1'emales, 

weighing an average 01' 43.5 lbs.) in this subgroup. The average 

percentage occlusion 01' the right coronary artery was 9304% ranging 1'rom 

100% to 8&fi. There was one mortali ty (14%) whioh showed gross and 

mioroDoopio evidenoo 01' recent moderately severe in.f'arction. In all, 

there were wo animals exhibi ting in.f'arotion or 1'ibrosis, thereby gi ving 

an average in.f'arction peroentage 01' 28% (old and reoent). 

The average peroentage patenoy 01' the implanted internal mammary 

artery was 20.5% ranging 1'rom 47% to 2%. There was no evidence 01' 

mammary- right ooronary anastomoses (<>%). In one animal there was a 

mammary - anterior desoending anastomoses (14%). The average number 01' 

survival dB\Ys (sacri.f'ioed-died) was 62.1 dB\Ys. 

SUBGROUP Il (Tunnel teohnique; artery implanted on out.f'low traot). 

There were 10 experimental animals in this subgroup; 6 males, 4 1'emaleo, 

weighing an average of 44.2 lbs. The average percent age ooolusion of 

the portion of the right coronary artery within the ameroid constrictor 

was 87.1%. There were two mortali ties (20%), both showing evidence er 

myooardial in.f'arction by microscopic examination. Out of the ten animals 

in the entire group, a total of 3 (30%) were noted to have miorosoopie 

in.f'arction ranging 1'rom a moderately severe (++) Bubendocardial in.f'aretion, 

to scattered (+) foci of necrosis. 

The average patency of the implanted right internal mammary artery 

waa 34.9%, ranging from 72% to 5% patency. 

In one animal, injection of the imp1anted right internal mammary 
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artery wi th Schlesinger masa showed extensive filling of the right 

ooronary arterial system. The loft ooronary arterial system was 

also filled through the left anterior descending artery. Therefore, 

we have a 10% memma.ry - right coronary anastomoses, and 10% mammary -

laft anterior descending anastomoses. 

For this group the average number of survi val dB\Y's (died and 

sacrif'ict3d) wa 99.2 days. 

SUBGROUP III ('funnel technique; artery implanted on superior lateral 

aspect of right ventriele). In this group of 20 experimental animals 

(13 males, 7 females, with an average weight of 43.9 lbS.), the average 

percentage ooclusion of the right ooronary ws 93.&/0. There were 

4 mortali ties out of 20; a 20% mortali ty rate. Out of theae four 

animal a , two ahowed masaive (+++) reoent inf'arction, and one ahowed a 

moderately severe (++) recent myocardial inf'arction. The 4th animal 

that expired showed no evidence cf myooardial inf'arction either grosaly 

or microscopie. Death in thia particular caae was attributable to 

pneumonia which ws noted on pos-bnortem examination. Aside from 

these 3 a.nimals wi th recent inf'arcts, another dog Sholl8d microscopic 

evidence of a moderately severe endocardial fibrosis; all in all a 

20% inf'aretion rate (recent and old) for this particular group. 

The average patency of the implanted internal mammary artery 

was 62. 77~, as compared to 20% in subgroup l and 34% in subgroup II. 

It ia interesting to note that not one of the animala in subgroup III had 

a patency of less than 50% of the implanted internal mammary artery. 

Injection of the implanted internaI mammary artery showed extensive 



c 

( 

-142-

or oomplete anastomoses with the right ooronary arterial system in 

16 animals; an 80% mammary - right ooronary anastomoses. Likewise, 

the same injeotion resulted into oomplete filling of the leit ooronary 

a.rterlal system through anastomoses 'IIi th the lait anterior desoending 

artery in 13 animals; a 6~ mammary - la ft anterior desoending 

anastomoses. 

The average number of survival days (died and saorifioed) was 

80.7 days). 

1 
j 
1 

1 

1 
1 
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DISaJSSION 

Any surgical procedure designed for the relief of 

myocardial ischemia should be capable of answering several criteria 

in order for it to be judged an adequate revascularization procedure. 

First, it must bring adequate oxygenated blood te the right and 

left coronary arterial trees; Second, it must pro vide equal and even 

distribution of all oxygenated blood reaching the heart muscle; and 

third, it must be a procedure that will not only protect but also 

maintain the integrity of the n~ocardium in the years to come (life 

long protection). 

A decade or so ago, such a statement might have been 

considered futile or even foolish, but in the realm of the present, it 

i8 the only val id criteria that could be set forth to judge a revasculari-

zation procedure. Developing such an operation is almost synonymous to 

implementing a surgical method for coronary artery insufficienc.y that 

will be capable of total and complete ~ocardial revascularization. 

In short, this is our purpose in the development of the right internaI 

mammary artery implantation to the right ventricular myocardium. 

Certain anatomico - pathological facts were considered in 

the formulation of the above criteria, namely: 

(1) multiple involvement of the coronary arteries by 

Athero sclero sis 

(2) Progressive nature of coronary atherosclerotic 

disease 

(3) Preponderance of the right coronary arterial tree 

( 
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in man - this is predominent in 50% of cases, 

i.e., it supplies all of the right ventricle, 

posterior half of the interventri~llar septum, and a 

large part of the posterior wall of the left ventricle 

(Schlesinger, 1940). Likewise, Gross in 1921 and 

Barnes in 1940 showed that in 75% of hearts Most of 

the posterior ventricular surface is supplied by the 

right coronary artery. 

Inadequaqy of the left internal mammary artery after 

implantation to supply the entire heart. 

This fact was brought to Vineberg's attention in 1956 

when one of his patients who had undergone internal mammary artery 

implantation four years previously died of a ruptured right ventricular 

aneurysm. Postmortem examination showed thatthe only patent artery in the 

heart was the internal mammary artery, and that the left ventricular muscle 

appeared to be healthy. Another patient who was pain free for six 

years after left implantation had recurrence of anginal pain. Cine 

coronary angiographie examination of the internal mammary artery showed 

the implant widely open perfusing the left ventricu1ar myocardium 7i 
years postoperatively but not the right ventricle which was ischemic due 

to a blocked right coronary artery (Vineberg 1966). 

EVALUATION OF RESULTS; In the discussion of the overall results, the 

following will be dealt with separately in order to give a clear picture 

of the final outcome of this study; 

(1) 

(2) 

en 

Mortality and survival rate 

Survival of the myocardium 

Demonstration by means of radio opaque injection mass 
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of extracardiac and intercoronary anastomostic 

channels arteriolar or larger in size. 

SURVIVAL OF THE ANIMAL; Coronary artery constriction was developed 

in this study by the use of the ameroid constrictor applied around 

the origin of the right coronary artery. It is a well known fact 

that the arterial pattern of the dog's he art is similar to that of man 

except for the left coronary artery predominance. 

Thus animal survival will not be a criteria in the 

final evaluation of this ftudy. Basically, our main aim was not to 

utilize the right coronary artery as an animal survival test, but 

to compare myocardial muscle survival in the implanted and non-

implanted group. In addition the production of myocardial ischemia 

in the right ventricle was considered necessary to stimulate the 

implanted internal mammary artery to form mammary coronary anastomosis. 

Mittal et al (1966), utilizing the right coronary 

artery as a "test ligation" model in the dog got a mortality rate 

of 4~ in a series of 50 dogs, leading him to conclude that employment 

of the right coronary artery for test ~gation experiment does not 

appear acceptable. 

Lumb et al (1963) finding the close similarity in 

coronary artery distribution between pigs and man (right coronary 

predominance), ligated the right coronary artery of the pig, close to 

its origin. He used 20 experimental animals, with death ensuing 

in all 20, giving him a 100~ mortality. 

The mortality rate in this study reveals an almost 
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similar pattern for aIl the group. We have a 10% mortality (2 

out of 20) for the control group; 14% for subgroup l (1 out of 7); 

20% for subgroup II (2 out of 10) and 15% for subgroup III (3 out of 

20). As previously stated we will not att~mpt to correlate 

mortality rate with the other findings. The only thing worth 

pointing out, however, is the relation of recent infarction to aIl 

the deaths in the different groups, both implanted and control. In 

the control group this could be explained on the basis of no inter-

coronar,y anastomoses; in the implanted group on the basis of absence 

of mammar,y - coronary anastomoses and intercoronary anastomoses. An 

exception to this 1s a dog in subgroup II that expired with no 

evidence of infarction except for some old microscopie focal :fibrosis. 

The Most plausible expIa nation is on the basis of myocardial ischemia 

leading to ventricular fibrillation and death. 

SURVIVAL OF THE MYOCARDIUM; 

Myocardial survival in the face of continued and 

progressive ischemia is one of the valid tests i>r any revascularization 

procedure. There seems little doubt that fallure to relieve ischemia 

eventually results in the death of myocardial fibers and their replace-

ment b,y scar formation. Continued myocardial ischemia May result in 

myocardial hypertrophy or acute myocardial infarction with resultant 

massive myocardial fiber loss. Our results shows this fact clearly. 

On our control group of 20 animals, we have a total infarction percentage 

of 60%, both gross and microscopie. Grossly, infarction was evident 

in only 4 out of 20 animaIs (20%), but microscopically myocardial 

necrosis was noted in 12 of the 20 animaIs accounting for the 60% total 
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rate. Significance of these figures could easily be appreciated 

when compared with the infarotion percentage of the implanted group, 

which were 28% for subgroup l, 30% for subgroup II and 20% for 

subgroup III. There ia no doubt that extracardiae blood via the 

implanted right internaI mammary artery afforded some form of 

protection to the slowly progressive ischemic process produced by 

the ameroid constrictor. This is the basic explanation for the 

mueh lower infarction rate in Subgroup III, where extensive mammary -

right coronary, and mammary - left anterior deseending anastomosis were 

noted. For subgroups l and II, sueh explanation is not valid entirely 

since the percentage of mammary - right coronary and mammary left 

anterior descending anastomoses were quite low. Mo st likely the 

combined effects of homoooronary and intercoronary anastomosis formation 

entered into play here. However,whatever the actual explanation is, 

the low infarction figures in these two groups, as compared with 

control, indicates that an open implant gives some proteotion to the 

myocardium: This is not surprising as Austin (1966), using now 

meters on the left internal mammary artery, has shown a 5 c.e. per 

minute now immediately after implantation. 

RIillIOGRAPHIC DEMONSTRATION OF MAl-iMARY - CORONARY ANASTOMOSIS; 

Vineberg as early as 1946 showed clearly that an 

internal mammary artery implanted into the left ventricular wall forms 

Many anastomoses with the ventricular arteriolar system. Sinee then, 

numerous other investigations had duplicated and verified his results. 

A thorough review of literature failed to reveal a similar procedure 
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being tried on the right ventricle, except for an almost similar 

work done by Sabiston and Fauteux in 19.59, when they implanted 

the carotid artery on the right ventricular myocardium. 

Physiologically, the right ventricle differs in a 

lot of ways from the left ventricle, especially in regards to 

pressure changes during the cardiac qycle. Aside from the work 

done by Sabiston and Fauteux (1959), no other investigation has 

been made regarding the implantation of a high pressure vessaI in 

a low pressure ~stem such as the right ventricle. We have shown 

through our results that it is possible to produce extracardiac 

anastomoses in this low pressure ~stem. 

We used 3 groups of animaIs in the implanted series 

to determine if there will be any difference in regards to pa tenqy 

of the implant and anastomot1c formation by : 

(1) 

(2) 

0) 

varying the site of implantation 

Varying the length of the tunnel and implanted 

artery, 

varying the technique of tunnel formation 

Results showed a great variation in the three subgroups, 

with subgroup III exhibiting the highest percentage of mammary - right 

coronary and mammary left anterior descending anastomoses; 80% and 65% 

re specti vely • In this subgroup a longer length of artery was 

implanted (4.5 to 5 omo) and the site of implantation chosen was just 

beneath the branches of the main right coronary artery on the superior 

lateral aspect of the right ventricle. The tunnel was created by the 

spreading effect of a hemostat. Average patency of the internaI mammary 

artery in this subgroup was 62.7% (ranging from 50% to 80% patency), 
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compared to average patency of 34.9 for subgroup II and 20.5% for 

subgroup I. As previously described in the chapter of method and 

procedures, the meedle technique was used to create the tunnel in 

subgroup l, with the outflow tract as the implantation site. For 

subgrot..p II, the spreading effect of a hemostat was used to create 

the tunnel with the site remaining the same as in subgroup I. 

It is definite then thatthe technique in creating 

the tunnel affects patency of the imp1anted mammary artery. The 

need1e technique was utilized to minimize right ventricular cavity 

perforation, but apparent1y the tunnel created by need1e insertion 

is not wide enough mechanically for the implantation of the vesse1. 

This resuH.s in compression fol1owed by inadequate perfusion with 

subsequent development of intima1 proliferation; thus accounting for 

the low mammary artery patency percentage of 20.5% in this subgroup. 

In the case of subgroup II, the low patency percentage 

of the implanted vesse1 and the low percentage of mammary - coronary 

anastomosis cannot be ascribed to the technique in tunnel creation; 

since an exactly simi1ar method was fol1owed in subgroup III. The 

logical explanation might be found on the site of implantation and 

1ength of the imp1anted vesse1. 

Sabiston and Fauteux (1959) trying to find the 

exp1anation for the continued patency of the majority of arteria1 

implants within the ventricular myocardium compared this with his 

previous work of simi1ar implants into organs such as the sterno-

c1eidomastoid muscle, spleen and liver. He found a very ear1y and 

high percentage of occlusion in those vesse1s, 1eading him to suggest 
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( 
that the rhythmical contraction of the ventricle is responsible for 

,-. 
the persistent patenqy of implants in the heart. Whether there is 

any pressure differential in force of contraction of the ~ocardium 

in the outflow tract and the anterolateral wall of the right ventricle 

is something ta consider seriously, since it would be a logical 

explanation for the big difference in percentage patenqy and percentage 

of mammary - coronary artery anastamosis formations in these two 

sites. Another plausible explanation in regard ta the site of 

implanation is implanting the artery in a site which brings it in 

close proxindty ta branches of the right coronary artery (subgroup III). 

It is but logical ta assume that this close proximity initiates early 

anastamosis between the mammary artery and the branches of the coronary 

artery especially if there i5 some pressure gradient in the area 

produced by the slow occlusion of the coronary artery by the ameroid 

constrictor. 

As ta the influence of the length of the tunnel, we 

have noted on blown up pictures of the anastomatic site (mammary -

coronary) that anastomosis not only occurred at the site where the 

two side branches were left open but did also oceur in the other part 

of the implanted artery, leading us ta believe that a longer tunnel 

will be more beneficial, as was verified by the higher percentage of 

patenqy and mammary coronary anastamosis in subgroup III. 

Another salient point ta verifY i8 the 65% occurrence 

of mammary - left anterior descending anastamosis in our series in 

subgroup III. The possibility that this is just a normally 

occurring anastamosis between the two coronary systems has occurred 

ta us. In our control group of 20 animaIs the left coronary artery 

.., 
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was injected with Schlesinger mass to de termine the normally occurring 

anastomosis between the left arterior descending artery and the right 

coronary arterial system. Only in five out of the 20 animals (25%) 

were these intercoronary anastomosis noted. Thus it is clear that 

the implanted right internal mammary not only forms anastomosis with 

the right coronary arterial system, but also with the loft coronary 

arterial tree through the anterior descending artery. 

Thus arterialization of the right coronary arterial 

system by implantation of the right internal mammary artery into the 

right ventricular ~ocardium is definitely possible. Clinically, 

the success of this procedure has definite signif.icance; We feel 

that this procedure, in combination with other revascularization , 

methods (left internal mammary implantation, epicardiectomy and free 

omental graft operation) May be the ideal revascularization procedure 

since it answers all the criteria set forth for a complete and total 

revascularization of the ischemio myocardium. A combination of these 

procedures will ensure formation of Many arterial channels that are 

needed to be certain that the summation of flow will be as great or 

even greater than the total capacity of the patients coronary arterial 

system prior to the onset the disease. The formation of this multiple 

extracardiac arteriolar anastomosis will thus provide continued relief 

from myocardial ischemia in the face of progressive coronary artery 

disease. 

By itself this procedure has a lot of possible indications. 

First, it will be the procedure of choice in cases of non-patency of a 

previously implanted left internal mammary artery. Experimental and 

clinical experience has shown that a certain percantage of implanted 
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internal mammary arteries will thrombose - roughly 20%. (Vineberg 

and Walker 1964). Second, a right interna1 mammary artery implantation 

could be performed in cases of traumatic occlusion of the right coronary 

artery. Vineberg has utilized this procedure once for this indication 

recently. (Vineberg, 1966). Third, in patients y,ho had a previous 

left internal mammary implantation but because of the progressive nature 

of the atherosclerotic process now need additiona1 source of extra 

coronary blood. 

(' . 
( 
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SUMMARY AND CONCLUSIONS 

(1) Fifty-seven hea1thy adu1t mongre1 dogs of both sexes weighing 

40 lbs to .50 lbs and between 2 - 4 years of age were utUized in this 

experimenta1 study. A minimal period of 2t months and a maximal 

period of Jt months were a110wed before the surviving anima1s were 

sacrificed for the postmortem studies. 

(2) Myocardia1 ischemia was produced by placement of an ameroid 

constrictor around the origin of the right coronary artery. The 

coronary artery occlusion was slow, adequate, constant and predictab1e. 

(3) Anima1s in the control group (no revascu1arization procedure done) 

exhibited the highest percentage infarction rate (60%) among the 

different groups. 

(4) Anima1s in the imp1anted subgroup l had a percentage infarction 

rate of 28%, mammary-coronary anastomosis was only evident in 14% 

of cases. 

(5) Anima1s in the imp1anted Subgroup II had an average infarction 

percentage of 30%, and mammary-coronary anastomosis was present only 

in 10% of cases. 

(6) Anima1s in the imp1anted Subgroup III gave the best overall 

results, showing an infarction rate of only 20% with extensive formation 

of mammary - right coronary anastomoses (80%), and mammary - 1eft 

anterior descending anastomoses (65%). 
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(7) Reasons were given to explain the variations in results in 

the different subgroups, with final correlation of the overall 

findings. 

(8) Indications for the clinical use of the right internaI mammary 

artery implantation to the right ventricular myocardium were given, 

either as an operation in combination with other procedures, or as a 

single procedure. 

In swmmary, an operation was devised that revascularizes 

the right ventricular myocardium,posterior interventricu1ar wall, and 

the posterior part of the interventricular septum in a direct way, 

and that is by formation of adequate sized arteriolas that produces 

anastomoses between different arteriolar zones in the right and left 

coronary arterial ~stem. This procedure, in combination with 

other revascularization methods, answers !ll the criteria set forth 

for a complete and total revascularization of an entire ischemio heart. 
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