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CHAPTER I 

I N T R 0 D. U C T I 0 N: 

Through the ages, coronary artery disease. ha~ been 

pla:guing ID.ankind by the millions every year.. ~fa.ny sudden 

mysterious and dramatic dea.ths were attributed to this 

disease, yet people did not know how i t '\vorked. It was 

only during the advent of the 20th century that medical 

science be gan to probe this mystery, especia,lly the se 

laiSt 35 years •. 

'Jlhis disea.s_a is responsible in 80% of aJ.l. sudden 

deaths (Hunck-1946) , one third of a:ll_ deaths.-- in the 

United Sta;tes, and, moreover, it appears to be increa­

SL'Tlg rapidly every year .. It is no'\v.' considered the num­

ber one !ciller, leaving cancer far behind a-s number 

two. Metropolitan Life_ Insurance: figures show a _ death 

rate of 78.2 per 100,000 population. Some of the a-ppa~ 

rent increase. was also due to better dia:gnostic facili-

ties and progressive increase of the aging population. 

It has been calculated that in 1900 only 13.6% of the 

population was over 45 years of age, while in 1980, 

43% of the population lvill be over 45 years · of a•ge .. 

Accordingly, the problem of this disease will become 

of incre~ing importance and be a:. major concern. The 
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important fact is tha.t the incidence of the disease is . 

imminently high7: 4 to 8 million people in the United 

States axe afflicted, and this, indeed,. represents a. 

major nationaJ. problem ... (79, : 210, 211, 2I9, 224). 

Coronary a-:rtery disease due to atherosclerosis is·, 

now. being treated as a . true . dis:ease process rather · than 

an inevitable consequence of the aging process .. The: 

etiologie factors.: are: sought by s:cientists all over 

the world in an attempt to control. and r.educ:e the in­

cidenc·e : during the ' pa$t few years. P±:oneer studies 

have been ini tiated to determine the possible· re1a­

tionship-. between ways of life, diet, sex, race·, : degree 

of physical ac ti vi ty, . emotional stress and strain,. ta­

xie substances and othe:v. unlmo'Wil. factors. 

The findings of White and other workers are as 

follovrs:: 

1 •. ~here -vre:s a: great. preponderance of male, the ra.tio: 

or man to w.oman was 9'/-' to 3· (2:) The mesomorph or the 

broad muscular person was more likely to be subject.. to 

this diseas:e than the endomorph and ectomorph. (3) There 

is defini tely more: coronary aTtery disea.s.-e in the imme­

diate ancestors of coronaTy case:s than in the ancestors 

of the control cases:. (~. The serum cholesterol average 

a . definitely higher figure in case.s of coronary thrombosis. 

(5) Other.- factors, su ch as: di et, : exercis·e or laèck thereof r­

the use of toba:cco and alcohol and other stress and strain 

were in one way contributory to the causation of the disea:se .. 



-3-

It 'l.vould appear then gi ven the heredi tary candida te 

or host. with suseptible age, sex and temperament subject­

ed to a:. high fat . diet and numerous stress az:.d strain, 

Will in all likelihood develop this disease. (6, 41, 63, 

69, . 70, 79, 8o, 85, 103, 108, no, 125,: 163, 180, 227-) 

The; prognosis of coronary artery insufficiency is_ 

poor inspite.of various . medicaJ. theraJ>ies, including 

the use of anticoagulants •. Parker in 1946 showed 53 .. 2% 

fi ve year survi val.. in 3, 44fi. cases fo1lowed '\vi thin the 

20 year:s perd. cm. of pa.tients suffering from a.ngina pect.­

oris .•. White, Eland and l..fiskall. found in their (497 cases.) 

of angina pectoris; . 445 died vTith an average duration of 

of 9'. 'l year.s .. The immediate morta:li ty in myocardial 

infarction follo'l.ving acute a:.ttack showed 49% survivaJ. 

in 5 years-, : 31% survivaJ.. in lo years, 14% survival in 

15 years, 5% survival in 20. years . and 4% survival. in 2.5 

years-.. (16,: 48, 54, - 56, 118, 122, 142, 15lf-, 158, 185, 

216, 21'7-; 218, 226) •. 

In the symposi um of coronary a:rtery diseas:e: in 

1956, Dr_ .. Robert Levy of New York sta:ted that. the 

ca:uses as well a·s the therapeutic possibilities of 

this disease are being actively explored and the app~ 

roa ch to its prevention is dimly perceived. 

It a:ppears that medicine has had little to offer 

to tho se who are struck wi th coronary artery disease: •. 

In the light of the severity of the disease, during 
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the . lasct, 25 years, - Beek in 1935 and 0-1 Shaugbnessy in 

1936 have pioneered in the surgical therapy of this 

disease by incresing the blood suppJ.y to the ischem­

ic . heart .. Numerous surgeons and physiologist from 

different countries foll..owed the same trail opened 

up by the ir predeces:sors and contemporaTies, and 

now; it is: possible. to augment more. blood to the 

is~hemic hearts; by s.evera.l surgical procedures;.. 

The present study conducted in the Department 

of ExperimentaL_ Surgery at McGilJl. University,which 

is the ba·sis of this the sis;- is to: evaluate several. 

of the known procedures and devis.e new ones_., In thesa 

numerou.s opera-tions . we endea.-vor to determine how the · 

opera~tions could brihg new blood to the ischemie 

heart:; . by the application of casein pla:s:tics_ ca;l~ed 

11Ameroids11: axound the coronary arteries. 

Table I shows:; the differ_ent surgical methods : 

\-Thich have been us:ed in the att.emptt to nevascularize 

the hear.t:-. .. Many of them had transient p·opula:ri ty, 

and be causa of high mortali ty and poor overa.~ll . re­

sults; _ they wer.e: eventua;lly gi ven up.• However·, _ a 

fèw.' aTe: being used as ; standaTd surgica;l pr ocedures: 

todaw, because. the-y prolonged life by increas:ing 

the blood suppi.y of the ischemie hea.rttse. 



TABLE I 

SURGICAL PROCEDURES FOR REVASCULARIZATION OF ~HE 
ISCHEMIC MYOCARDIUM 

I.= GRAF OF TISSUES ON -THE HEART .. 
By using: Pecto:naJ.:. muscle (Beek I-1935) ;· Ornentum (0 'Sh­
aughnessy-1936);; Lung Cardio~pnuemo:pexy (Prudden-1959);: 
Spleen (Fa:Va.cchio. and Caminiti-195'7); Jejunum (Key) .. 

li. PRODUCTION OF ADHESIONS BETVŒEN PERICARDIUM, 
EPICARDIUM A.ND NYOCARDIUM '., 

With inflammatory substances: like abrasion of the surfa.ce 
of the heart. plus asbestos (Beek ]+-; Ta.;lcum Cardio-peri­
cardiopexy (Thompson-Ra:isbeck)~ Asbestos and :t% Novocaihe 
(Peruzzœ and Badright-1957);: 5% Sodium Salicylate . (Knock);: 
enzymes, phenol, - trichlor-a:cetic acid, etc .. 

IIII. - UŒLANTATION OF E1."TRA CARDIAC ARTERIES INTO LEFT 
VENTRICULAR .:HYOCARDIUM .. 

By use . of: Internal.. mammary a:rtery (Vine berg);; Carotid 
aœtery (Sa:biston and Fauteux);; Subclavian artery (Fuqp.ay);; 
Splenic ar.tery (Leibo~T) ;: Homogra.ft and nylon prosthesis 
(Vineberg and Duchenne1:, Sa.bistonet al);; Pros,thesis implan­
ted . from left ventricUlar ca:vity to myocardium (Ma..ssimo) .. 

IV.. COHPLETE OR PARTIAL LIGATION OF CORONARY SINUS 
AND TRIBUTARIES .. 

Gross ànd Blum procedure;; Beek I 6peration;: Fauteux pro­
cedure• 

Vec ARTERIALIZATION OF CORONARY Sil',JUS. 
By vein grai't wi th aorta. (Beek II) f Sinista:.tion of coro­
nary sinus (Hernandez and Lapez): Ana.s,tomosis between · 
left inferior pulmonary vein and coronary sinus-Pablo.-1959); 
other ' procedures like internai mammary and subclavian art- . 
eriès• 

VI.. ANASTOMOSIS OF CORONARY ARTERY WITH EXTRA CARDIAC 
ARTERY. 

Like internal mammàry artery (Carter and Roth); Subclavian, 
Carotid artery etc •. ; Ivalon graft to coronary arteries for 
anastomotic bridge {Smith and Mcintyre) •. 

VII.. ENDARTERECTOMY •. 
By Angelo Hay and B ailey; Longmire et a:J. •. 



- 6~ -

TABLE I (CONTINUATION) 

SURGICAL PROCEDURES FOR REVASCULARIZATION OF THE 
ISGHEHIC :t-1YOCARDIUM. 

VIII.. SECTIONS OF 1'ERVE SUPPLY TO }ŒART .. 
Peri-coronary neurectomy (Fauteux); S.ection of rami 
communicantes and· sympathetic cha,in (Raney);: Dorsal 
rhizotomy (White). 

IX... BILATERAL LIGATION OF INTERNAL HANHARY ARTERY. 
Digliotti et al;: Glover·et aü.. 

X.. IVALON SPONGE OPERATION. 
(Vineberg,. Deliya.nnis and Pa:blo) 

XI... PRODUCTION OF SURGICAL ANOXIA AND ANO:xEMIA. 
Fistula·. between implanted internal mammary artery into 
left auricle· (Carey et al);; Arterio-venous fistula·. between 
pulmonar.y artery and left auricle. (Lillihei et al and 
Day et al');; Internal mamma-ry artery and vein fistula. 
(Julian et al) 

. XII.. COHBINATION OF ABOVE. PROCEDUREs· .. 
Internal mammarya~rtëry implantations plus partial liga~ 
tion of corona:ry sinus:;, combination of Bèck I and 
Fauteux procedure; etc. 
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CHAPTER II. 

ANATONICAL CONSIDERATIONS 

A .. The HeaTt and Pericardium:. (91, 92) 

The heaat: is about the siZl3 of a-. man •s fist,: located 

inside_ the pericardial cavi ty •. It bas; four chambers, two :· 

atriaaand two ventricles .. 

The pericardium is a. membranous covering: of the: 

heart~divided. into fibrous and serous parts .. The serous; 

part consist s of parietal and visceraL. layers, whereas; 

the fibrous part bas a parietal layer only. 

The fibrous pericardium is cone-shaped sac which 

contains the heart and its serous pericardium. The inner 

sUD.i'ace: is intimately lined by the parietal layer of the 

serous pericardium •. The base of this sac arise from the 

roots of the great .vessels which either lea:ve or enter 

the heart. I :t blends wi th the ad ven ti tia of the se vessels .. 

The serous pericardium forms a ·. closed cavi ty i:hto; 

which half i ts wall is invagina~ted. The cavi ty con tains 

clear·light yellowfluid. The viscera.J..layer or epicardium 

represents the inva:ginated part of the seros8.J and the pa;..­

rietal layer is the uninvagin&ted part~ The aorta. and 

pulmona:ry arteries are enclosed by a~ short tube. of peri­

cardium which contains plenty of fat ... 
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Since the topographie anatomy of muscle blll1dles of 

the hea·rt is not familiaT- · to many, i t may be help:fUl to 

briefly review it. At least five separate muacle bundle:.s 

comp_ose: the ventricles of \vhich the four principal cnes; 

are the superficial sinospiral, superficial bulbospiral., 

deep: sinospiral and deep. bulbospiral' mu~cles .. The fifth~ 

muscle bundle is the scroll muscle .. Plate 1 shows in 

diagrammatilh'~ :form the~ approximate location of the four 

muscle bund.les viewed in transactions of the~ ventricle.s•· 

The right ventricle is composed of threŒmuscles, 

both superficial.muscles .a.nd deep: sinospira.lmuscle in 

contr~t to the left ventricle which is composed of four 

muscles • . The atria-e are made up of an exceedingly thin 

superficial bundle which rlll1s transvers.ely over both a.tria:. 

and a ·. deep. bundle consisting of two sets of looped fibers 

\'lh!ich arise from the fibrous ring around the atrio-ven­

tricular orifice and pass antero-posteriorly around one 

or the other atrium. (212, 144,171) 

B... Blood Supply of the Heart:: 

1.. .. The Coronary ArteriaJ.. . Supply:: There are two. main 
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• 
Superfictal 
bulbospil'al 

D Superhcial 
sinoepire.l 

•
Dee.p 
buloospiral 

mDeep 
~inospiral · 

··•···· ...... . 

~~~·· · ., ' . ......... ;. 

Apex o.nterior (!) 
Fi.g. 1.-Cross-S«tional anatomy of the muscle bundles of the hurnan cardial: 

ventncles. 

From: Wa-rtman, w. B.;:. Sonders, J. c. 
Arch. Path. 50: 329, 1950 

PLATE NO. 1 

Diagra.rnmatic transverse or cross-sectional anatomy 
of the muscle bundles of the human cardiac ventricles. 
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coronary arteries, left and right. The left arises 

from the posterior left sinus of valsalva, while 

the right from the anterior sinus._ The left divides 

early into an anterior:· descending branch and a left 

circumflex branch •. 

The anterior descending branch dow.n the ventri­

cular groove into the apex of the heart and nourishes · 

the anterior part of the right ventricle, the inter­

ventricular septum and the anterior and apical part 

of the left ventrtcle. 

The smaller left circumflex branch vurves around 

the back between the left atrium and ventricle and, 

· supplies the upper lateral and posterior basal por­

tion of the left ventricle. 

The septaJ. branch arises near the origin of the 

anterior a'scending branch or from the main trunk close­

tc i ts bifurcation and still in a ,_ few: cases may arise 

from the circumflex branch. ~e septal artery supplies 

the anterior third of the interventricular septum, ana~ 

stomosing with the terminal branches of the septal por­

tion of the posterior descending branch of the right 

coronary artery. 

In our series of animals (dogs), this septal branch 

was found to have arisen from the anterior descending 

artery in 80%, from the main trunk in 10%, and from 

the left circumflex artery in 10% of ca:ses•· 



In Painetto 1 s series ( 162), the septal artery carne from 

the anterior descending artery in 70% and from the main left 

coronary artery in 30% of cases. 

The right coronary artery does not divide, but runs 

a round the back between the right atrium and ventricle, 

sending small branches to the sinus node, to the anterior 

part of the right ventricle and to the posterior base of 

both ventricles. There is a considerable degree of anas­

tomoses between the terminal branches of these vessels, an 

anastomoses that increased rapidly when the blood supply 

into any area is threatened. {165, 167). The right ventricle 

is supplied as it is by two of the biggest coronary arteries 

and offe ring little re si stance to systolic coronary blood flow 

is rarely the seat of infarction. The upper and lateral part 

of the left ventricle supplied by the proximal branches from 

both anterior descending and left circumflex vessels is 

therefore virtually safe. The poste rior basal portion 

is less secured for it is supplied only by the terminal branches, 

sorne from the right coronary and sorne from the left circum­

flex. In having this double source of nourishment , however, 

it is still more fortunate than the anterior apex of the left 

ventricle which is fed almost entirely by terminal rami from 

the ante ri or à.scending branch of the coronary artery . 
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The coronary arteries and its branches 
anterior and lateral views of the heart. 
from Hwnan Anatomy by Anson). 
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The interventricu1ar septwn is supplied anterior1y 

by perforating branches from the anterior descending coronary 

artery and posterior1y by perforating branches from the right. 

The artery to the sino-auricular node (Ramus ostii 

cavae superoris) arises from the proximal right coronary 

artery in 60o/o and from the proximal left coronary artery 

in 40o/e of cases ( 114). In Banetto 1 s series in dogs, the sine­

auricule node received b1ood from the right coronary artery 

in 75o/o of cases (162). 

The artery to the auricule ventricu1ar node (Ramus 

septi fibrosi) penetrates the junction of the interatrial and 

interventricu1ar septa at this location arising from which 

every coronary artery passes the crux of the heart. In 85o/o 

of cases, this is from the right coronary artery. 

The branches of the main coronary arteries descend 

supe rficially i n the ge n e ral dire ction of the a pex and these 

give myocardial branches running at right angles down the 

endocardiwn, where they change their course to make a 

r i ch ante riorlar anastomoses. This v a s c ular b e d s u r rounds 

the muscle bundles arborizing into capillaries which surrounds 

the individual fi bers as a plexus. 
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In general, it appeared that when the right coronary 

artery is occluded, there is an infarct in a deep muscle 

(posterior and basal infarct); when the descending branch 

of the left coronary artery is occluded the infarct is one or 

both of a superficial muscle (anterior and apical infarct); 

when the circumflex branch of the left coronary is occluded 

the infarct is in either deep or superficial muscles and, 

finally, wh en multiple occlusions occurred in different 

coronary arteries, then, there was only an infarct in 

more than one muscle bundle (212, 171, 144). 

Schlesinger described three types of coronary dis-

tri butions: 1. Balanced circulation: In 34o/o the right 

coronary artery supplies the right ventricle and the posterior 

half of the . .interventricular septum. 2. Right coronary pre­

ponderance: In 48% the right coronary artery preponderates 

and supplies not only the whole of the posterior region, but 

makes contribution to the blood supply of the posterior region 

of the left ventricle. 3. Left coronary artery preponderance: 

In the remaining 20% the circumflex branch of the left 

coronary artery supplies ali of the posterior septum as well 

as sorne of the conti gous portions of the right ventricle. The 

third group is physiologically least sound, the first group is 

most sound and the second intermediate. Figure 3 shows 

diagrammatically these coronary artery distributions. 
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From: Schlesinger,: M •. J'". - American Heart· J •. 15:- 528,1958 

PLATE NO. 3. 

Schlesinger's three types of coronary distributions. 



16 -

2. The Coronary Venous System: The cardiac veins 

mostly accompany the arteries in the sulci and tend to be super­

ficial to them. Five of the six cardiac veins end in the coronary 

sinus. The coronary sinus is about one and half inches long 

and it opens into the right atrium at the left of the orifice of 

the inferior vena cava. The orifice of the coronary sinus is 

guarded by the Thebe sian valve, while the orifice of the 

inferior vena cava is guarded by the Eustachean valve. 

At the left end of the coronary sinus, it receives the great 

cardiac vein which follows the course of the left coronary 

artery and its interventricular branch of the right coronary 

artery, called middle cardiac vein,ends in the coronary sinus, so 

do the inferior ventricular veins from the diaphragmatic sur­

face of the ventricles. The ob,lique vein is a twig that lies 

behind the le ft atrium and ends in the coronary sinus. 

The anterior cardiac veins are severa! good sized 

venous trunks which lie buried in the subpericardial fat, 

number from 3 to 5 occupying the sulcus between the right 

ventricle and auri cie. Each is formed by the confluence of 

many smaller veins which course over the surface of the 

right ventricle and empty into the right auricle about 4 to 8 

mm. superior to the ventricular edge of the tricuspid valve. 
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There are anastomotic channels from the branches of the 

great cardiac vein, branches from pulrnonary conus and ad­

jacent fat tissues. 

In those experimenta in which ali the major anterior 

cardiac veins were cannulated, the flow va]u es range from 

8. 5 to 26.5 cc. per minute. The anterior cardiac vein 

arises from the coronary arteries, but the main contribution 

is from the right coronary artery. The major portion, 50 

to 92o/o of right coronary flow, was found to drain via the 

anterior cardiac vein into the right auricle. The pre sent 

study reveals that the anterior cardiac veins and not the 

Thebesian veins constitute the main drainage pathway of the 

right coronary artery. (97). 

The deeper system of veins which communicates 

directly with the chambers of the heart are the Thebesians 

veins and they would be discussed in the mycardial circulation. 

3. Myocardial Circulation: The heart muscle is 

provided with a blood supply more complex than any organ 

of the body. To understand its development, a review of the 

comparative anatomy and embryology of the hearts of the 

primitive vertebrae up to human mammalian heart. is 

necessary. 
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The lamprey is a spongy nonvascular heart without 

coronary vessels. Its nourishment cornes entirely through 

intertrabecular spaces from the he art cavities. In frogs, 

the he art develops a small core of muscle with sorne vas­

cular supply at the region of the bulbus cordis. The rest 

ofthemyocardium remains spongy. (86, 88, 89, 130). 

The developing mammalian heart of the rabbit is 

spongy in its early stage. Coronary veins appear later as 

outgrowth from the left horn of the sinus venarium and 

from these branches spread over the surface of the myo­

cardium to communicate with the intertrabecular sinusoïdal 

spaces. Outgrowths from the endocardium give rise to 

epicardial capillaries which connect with the branches of the 

coronary vein and probably with the coronary artery later. 

The coronary artery sprout from the future aorta, spread 

over the heart and unite with the capillary network already 

formed by the veins and intratrabecular spaces (35, 87). 

Two structures should also be mentioned, the Vieussens 

channel or arterio-luminal vessels and the Thebesian chànnels 

or arterio - sinusoidal vessels, which form direct communication 

between the arteries or arterioles and the ventricular and 
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auricular cavities: The first of the se to maintain their arterio-

lar char acter to the very end of their course; the latter 

break up shortly into sinusoids which lie between muscle 

bundles. The se vessels re semble capillaries in possessing 

thin walls made up of endothelium only, but differ from 

capillaries in their larger diameter which varies from 50 

to 250 micra. (188, 193). 

However, Wearn has shown that in the human heart 

there are 1ake-like spaces called by him as myocardial 

sinusoids. These lie between groups of muscle bundles and 

c ommunicate di rectly with the anteriolar network which pour 

blood into them via arterio-myocardial sinusoïdal vessels. 

( 12 9' 213' 214) . 

The function of the Thebesian vessels is no longer 

obscure today. Numerous investigations using media of 

different viscosities and at different pressures have 

injected coronary arteries, coronary veins and Thebesian 

veins and seem to establish the following facts: 

(a) When physiological saline solution or india ink is perfused 

through a coronary artery, about 90% escape into the lumen of 

the heart, via the Thebesian veins and very little passes through 
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the capillaries of the coronary sinus. 

(b) 
sinus 

Similarly, when a coronary is perfused most escapes by 

the Thebesian veins and a little passes through the capillaries 

to the arteries. 

(c) A fluid too viscous to pass through the capillary bed will, 

when injected in the artery or vein, escape into the lumen of 

the heart via the Thebesian veins. 

(d} A fluid too viscous to flow out through the arteries may 

yet, when injected into the coronary vein, enter the heart via 

the Thebesian veins {45, 67}. 

Evidently, then, the pathway from the coronary vein 

via the Thebesian veins to the lumen of the heart is wider 

than from the coronary artery via the Thebesian veins to 

the lumen, and this in turn is wider than the passage through 

the capillary bed. 

It is found by Batson that when carborundum too large 

to traverse either the capillaries or Thebesian veins of the 

heart or capillaries of the lungs are injected during life 

itlto the external jugular vein of the dog, they accumulate 

in large amounts in the coronary sinus and the vein on the 

surface of the he art. To get the re, they must have taken a 

retrograde course in the veins. {15, 90, 127, 130, 145, 164}. 
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From: Vineberg, A.M.; Deliyannis, T.D. C.M.A.~. 1958 

PLATE NO. 4. 

Diagra.In showing relationship of coronary arterial 
and venous myocardial circulation with the sinusoids 
and ventricular lumen. 
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4. The Collateral Circulation: There are two types 

of collateral circulation in the heart verified by anatomie and 

physiologie studies. They are intrapericardial and extra­

pericardial collateral blood supply. (12, 23, 25, 44, 95, 

151,159,165,176, 178). 

(a) Intracardiac Collateral Circulation: There is no 

longer any controversy about the exi.stance of anastomoses 

between the branches of the coronary arteries to one another. 

There are no end arteries in the heart and there are no rich 

anastomoses in all layers of the heart. The main branches 

of the coronary arteries anastomoses with one another,so do 

the precapillaries and the capillaries. However, the anas­

tomoses improve with age, the channel becoming wider and 

in the epicardial fat, they apparently increase in number. 

If one coronary artery is slowly obliterated, an increased 

collateral circulation can be established to prevent mye­

cardial ischemia. They are most marked at the functional 

area supplied by both arteries. The luminal diameter:!bf 20 

to 350 mie ra and lengthsranging from 1 to 5 cm. are found 

in the human heart. 

The re are two types of anastomoses, the homo-

cmronary and the intercoronary anastomoses. The homocoronary 
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anastomoses is between the branches of the coronary artery 

of the same side and intercoronary anastomoses is between 

the branches of the two different coronary arteries. 

The homocoronary commwlications are found every­

where except in the immediate subepicardiallayers. Inter­

coronary communications are found in areas supplied by 

both coronary arteries. They appear in the shape of a 

cork screw. 

These two types of anastomoses are significantly 

increased in coronary obstruction where there is pressure 

differentiai and relative myocardial ischemia. l3ack 

flow studiesha.ve shown that graduai occlusion of a coronary 

vessels is followed by increase of 1 cc. to 30 cc. per 

minute within a period of 30 da ys. The se anastomotic 

circulations are formed after various pathogic syndrome 

and can be interpreted as the result of hypertrophie growth 

of the collateral vessels existing in all human hearts. 

{Blumgart, 19 40) . 

In normal h earts the inte rcoronary anastomoses are 

not larger than 40 micra in diameter. Blumgart believes 

these vessels will not protect against infarction, but they 



- 24 -

could pralong life by allowing some blood supply to the 

ischemie myocardium. 

Prinzmetal claims that the diameter of intercoronary 

anastomoses does not appear to increase with age. However, 

he found the largest intercoronary artery communication 

range from 70-80 micra, verified by injection of graduated 

glass spheres and radioactive cells. 

(b) Extracardiac Collateral Circulation: (112, 123, 126, 133 

148, 177). The nourishment of the heart cames principally 

from the two coronary arteries, which are the first branches 

of the aorta. It is partically assisted by some blood coming 

from the heart cavities and also by myriads of anastomotic 

branches from extracardiac blood vessels. 

In 1880, Langer showed anastomoses between 

the coronary arteries through small branches distributed 

in the pericardium. He also showed connections between 

coronary and branchial arteries by means of the vaso 

vasorum of the pù.m.onary artery and aorta. 

Subsequently, investigators showed that the branches 

of the internai mô.lllmary arteries through the anterior medi­

astinal, pericardial and sternal branches together with some 
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twigs from the pericardio phrenic anastomoses with the 

branches from the intercostal, branchial, esophageal and 

coronary a rte ries, to form a subpleural mediastirtal plexus. 

These anastomoses take place around the root of the lung 

pulmonary arteries and veins around the ostia of the superior 

and inferior vena cava and ;finally, through the intervascular 

pericardial reflection. 

The superior and inferior pericardio phrenic arteries 

indirectly contribute to these extracardiac collateral cir­

culation through the musculo phrenic and pericardio phrenic 

branches of the internai mammary arteries. 

These anastomotic channels have been used in 

different operations to revascularize the ischemie myocardium. 

C. Lymphatics of the He art ( 4): 

There is very little work and research directed 

towards the anato.my and physiology of the cardiac lymphatics. 

Ruddeck is given credit for the first description of the 

lymphatic drainage of the he art in 1653. 

Aagaard in 1924 wrote a detailed monogram on the 

subject and has summarized the work of others until that date. 

The problem was further studied by Pateck in 1939. 
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From: Mautz,. F .R. ; . Beek, c.s.. J .. Thoracic Surg. 7: llJ, 

1937 

PLATE NO. 5. 

Diagram showing anatomie connections between main 
coronary arteries and between coronary and extra­
cardiac arteries o 

(From Mautz and Beek, collateral coronary circulation) o 
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It is believed that the heart possesses a diffuse network of 

ly:rnphatics and is in a sense a ly:rnphatic sponge. 

The subepicardial ly:rnphatics are extremely numerous 

and diffuse. The se ly:rnphatics are small and drain into 

larger ones which course along the pulmonary branches of 

thelymphaticvessels to enter a large channispassing through 

the pericardial reflections with the mediastinum. The sub­

epicardial ly:rnphatics of the anterolateral surface of the 

left ventricle drain to a node at the junction of the brachio­

cephalic artery and superior vena cava. The ly:rnphatics of 

the anterior right ventricle enter a ly:rnph node along the 

left subclavian artery. The ly:rnphatics of the posterior 

surface of the he art drain to ly:rnph node s on the posterior 

surface of the trachea and main bronchi. 

The myocardium possess ly:rnphatic capillaries three 

times the diameter of the myocardial blood capillaries. 

Most of these ly:rnphatic capillaries pass directly into the 

subepicardial capillaries. The re are only a few that empty 

into small subepicardial drainage vessels. 

Subepicardial and endocardial ly:rnphatic plexuses are 

mainly capillaries lying in single plane parallel to the surface 
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of the endocardimn. They communicate with myocardial plexus 

by means of short capillaries which pass directly into the 

myocardium. There are no lymphatics in arterioventricular 

valves. 

During di asto le, l ym ph i s dri ven from s ubendoc ardial 

lymphatics to myocardial plexus and during systole, the lymph 

from the myocardial plexus forces into the subepicardial 

lymphatics towards the end of diastole. The pressure of 

the dilated heart against the pericardium drives the ly:mph 

from the subepicardial capillaries into the lytnphatic vessels. 

The relative importance of the cardiac ly:mphatics 

are based upon two considerations. Firstly, the absorption 

offluid in pericarditis and second! y, in association with 

observations in coronary arterial insufficiency. The 

success of the multiple operations for myocardial ischemia 

may in one way or anothe r be the result or the contributory 

effect of the lymphatics of the heart. 1 

In mitral stenosis, an enoromous dilatation of the 

lymphatic vessels beneath the viceral pleura around the l ung 

root and along the internai mammary near the phrenic nerve 

i s evidence of the role the lymphatic ~ystem pla ys in thi s 

disease . 
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CHAPT ER III. 

PHYSIOLOGY OF THE HEART AND ITS CORONARY CIRCULATION. 

A. Cardiac Output 

The heart is life itself for without it the rest of the 

body dies. It is the main pump that circulates the blood to 

and from the tissues. It is always said that man is 

separated from his grave by cessation of a few heart beats. 

The coronary circulation depends upon cardiac output 

and its resultant driving aortic pressure. In healthy man 

at rest, the ventricles eject an average of 70 to 80 cc. from 

each side per heart beat. The minute volume of the heart 

under basal conditions varies in different individuals from 3 

to 4. 6 liters. Grollman has shown that the basal cardiac 

output is a function of the surface area of the body. In the 

normal person, the minute volume per square meter of body 

surface, which is called the Cardiac Index, has an average 

value of 2.2 liters by acetylene method, and 3.2 litera by 

dire ct Fick method. The cardiac output is proportional to 

the basal metabolism. The average basal cardiac output 

per kilogram body weight is 62 cc. An adult at rest pumps at 

least 5, 500 liter s of blood through his body daily. The he art 
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cavities are believed not to empty completely during rest for 

it contains around lOO cc. of residual blood at the end of systole. 

Cardiac output depends upon the heart rate and stroke 

volume. The cardiac output in a robust subject may increase 

nine folds during strenous exercise and oxygen consumption 12 

times. It is, the re fore, calculated that stroke volume increases 

over 3 times and that oxygen requirement is satisfied by rise 

in the circulation rate, an increase in coeffecient of oxygen 

utilization playing a lesser role. 

The physiological conditions that could vary the cardiac 

output are muscular exercise, temperature, digesti on of 

food, sleep, posture, pregnancy, anxiety, anger and probably 

certain emt>tional upsets. The pathological conditions which 

i ncrease the cardiac output are hyperthyroidism, anemia, 

anoxemia, fever, angine. pectoris, arteriovenous fistula and Pagets 

disease of the bone. The pathological conditions that reduce 
put 

cardiac ou1/are {1) car diac irregulari ties, l ike parox ysma l 

tacchycardia, auricular fibrillation and complete heart block: 

(2) valvular disease and myocardial failure: (3) myxedema: 

(4) adherent pericardium and pe ricar ditis with effus ion: (5) 

pneumothorax: (6) haemorrage and surgical shock: (7) 

a rterial hypertension: (8) afte r operation - 1 to 4 days afte r 
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sur gery. Cardiac output is increased by drugs like adrenaline, 

histamine, nitrities, acetylcholine, digitalis strophantin, 

alcohol in mode rate doses and caffeine. 

B. Coronary Circulation: 

The myocardium is supplied with blood from two main 

coronary arteries, which rise from the sinus of valsalva of the 

aorta in normal state. In human beings, Schlesinger describes 

three types of coronary distributions: ( 1) right preponderance 

in 48o/o. (Z) Balanced circulation in 34o/o. {3) Left preponder­

ance in 18o/o. The second group is the !east vulnerable to 

arteriosclerotic changes and their effects. The third group 

appears to be most susceptable while the fi rst group is 

intermediate with regards to incidence of coronary artery 

di sease. 

In the dog, 8 Oo/o of the blood to the he art i s car ri ed by 

the left coronary artery,( Sûo/o by the circurnf lex branch and 

30o/o by the anterior descending branch) while the remaining 20o/o 

is from the right coronary artery. 

The hemodyna.rnic principles of cx:>ronary circulation 

are based upon the following hydraulic laws: (1) Blood flow 

is proportional to the pressure gradient in a system. (2) 

Flow is proportional to the square of the cros s -sectional area 
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of the vesse! orto the dia.rneter of the fourth power. (3) Blood 

flow is inversely proportional to the viscosity. Blood with 

normal hematocrit has approximately 5 times the viscous 

resistance to flow as does water. 

Direct measurement of coronary arterial flow can be 

carried out in open chest dogs by means of a rotameter and in 

closed che st dogs by me ans of the nit rous oxide me~hod 

with coronary sinus catheterization. 

The coronary circulation time is about 8 seconds as 

compar.ed '.Vith 20 seconds through the vessels of the limb . 

About 5o/o of the total cardiac output of the heart flows through 

the coronary system 3jïd uearly 2 liters would pass through 

the system. Bing {40) found that by the use of the Morawitz 

cannula that the average coronary blood flow through 100 

gra.rns. of left v entricular tissue w as 77 cc. and the o xyge n 

consumption of this unit was 9. 4 c c . ofcxygen per minute. 

Katz and his associates (120) found that theproportion 

of total coronary flow carried by each of the coronary arteries 

was found to be widely variable in differ ent i n dividuals . His 

findings are ( 1) changes in he art rate alone do not appreciably 

alter the rate of the total coronary blood flow. (2) the rate 
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of coronary blood flow varies directly with coronary perfusion 

pressure, other conditions being constant. (3) When all other 

variables are kept constant, the total coronary inflow is 

decreased by raising the mean pressure within the heart 

cavities and thus, the mean intramuscular tension with 

their walls . Decreasing the pressures increased the total 

coronary pressures and tension of each side of the heart alone. 

(4) When the mean pressure of the heart cavities is changed, 

the rate of sinus flow varies in a direction opposite t o the 

total coronary jnflow , so that the ratio between the two 

varies widely. Changes in the sinus outflow depend almost 

entirely on the changes in pressure in the right side of the 

heart and the pressure in the left side having little effect. 

(5) The coronary sinus outflow may persistently exceed the 

total coronary inflow when the mean pressure in the heart 

cavities and the mean intramuscula r tension of their walls a re 

high relative to the coronary perfusion pressure. Changes 

in pressure in the right heart are more effective than in the 

l e ft hear t. 

Katz (119) also found that during relax:ation, the 

pressure within the ventri cle dropped below zero l evel of the 

system. The amount of the d r op was a di reet funct i on of the 
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initial length of the muscle. The source of energy for the 

sucking action are mainly potential stores created by the 

contraction proces s, such as energy of position and of 

elastic state. The distinction is made between the source 

of energy for the sucking action and for the flow of the fluid. 

That relaxation is of similar nature to contraction: Both 

are dependent on sorne reversible physiochemical process 

which alters the elastic state of the muscle betw een 2 

limits, the minimum for the relaxed and the maximum for 

the contracted heart. Evidence is given to show that the 

ventricles not only can but does exert a sucking action in 

the intact mammal. The myocardium possess an extra 

rich capillary supply. The ventricular muscle is rouch 

more vascular than the auricular wall and the auriculo-

ventricular bundle. At birth, a single capillary supplies 4 

to 5 cardiac fibers. In adult, each musCle fiber receives a 

capillary blood vesse l {Wearn, 214); the hy JErtrophied 

he art, therefore, suffers a relative reduction in its blood 

supply. 

Provenza and associates (168) found capillaries of 

3 types in the substance of the myocardium as shawn in Plate 

No. 6. 
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V[IN 

PLATE NO. 6. 

Diagram shows the 3 types of capillaries: (1} 
Metarterio1e. (2} True capillary. {3} Precapillary. 
{From Provenza and associates {168}). 
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( 1) Meta rte rio le, which is a continuation of an arteriole. 

It consists of an endothelial lining surrounded by di scontinous 

muscle. The se muscle cells constitute a sphincter; one 

feature is constant, the lack of continuity between sphincter 

muscles. (2) True capillary, consist of simple endothelial 

tube, completely wanting in muscular components. The 

perithelium consist of very loose type of areolar and reticular 

connective tissue. This type of capillary may be a continuation 

of either arteriole or metarteriole. {3) Precapillary is 

intermediate between the metarteriole and the true capillary. 

The proximal end of the pre capillary consist of endothelial 

tube surrounded by one or severa! muscle cells - precapillary 

sphinter. 

C. Coronary Circulation During Different Phases of the 
Cardiac Cycle: 

In the !7th century, Scara.rnucci of Ital y was the first 

to recognize the flow through the coronary arteries occurred 

mainly during diastole, and that a reduced amount of blood 

enters the vessels during systole owing their compression 

to the contracting muscle. Lagendorff studied the problem 

intensively in the perfused isolated heart and our knowledge of this 

coronary flow during cardiac cycle is based largely upon his 

w ork. In recent y ears, Anrep and his colleagues (8) in England 



- 37 -

and Wiggers, Green and Gregg (9, 98, 223) with their 

associates in America are the outstanding contributors 

in this field. The two main factors affecting coronary flow 

are aortic pres sure and extravascular compression ( 120). The 

intramural flow through the intramyocardial peripheral vessels 

are directly compressed, while the extramural flow through 

the superficial coronary branches are both directly and in­

directly compressed during systole. Wiggers measured 

and studied this coronary vessel flow and found that the pressure 

in the intramyocardial peripheral vessels never rises as high 

as the aortic pressure any time during cardiac cycle. Two 

sharp reductions occur in the isometric period, and at the 

beginning of ejection and the other is in the latter part of the 

ejection period. The rate of flow is greatest in the midsystole 

and throughout diastole. The extramural flow re sembles that 

of the intramural flow except that it is completely arrested 

during early systole and is greater during midsystole and the 

first half of diastole. As the aortic pres sure ris es during 

systole the superficial vessels are distended to accommodate more 

blood, the extramural flow is then increased over that in the 

deeper lying and compressed intramural vessels. During 

earl y diastole the peripheral ve ssels are quickly released from 
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compression and the intrcunural flow is increased. The blood 

flow through the right coronary differs from those of the 

left vessels for the flow during systole may approach or even 

exceed that during diastole. The coronary flow was found 

to be increased during digestion by over 80% and about 400% 

when the dog performs strenous work, according to Essex and 

his associates. The pressure in the right coronary is lower 

than in the left coronary, but is considered higher than the 

pressure in the right ventricle, whereas the pressure in 

the left coronary sinus is about 10-12 mm.Hg. The flow 

from the coronary sinus is increased during the latter half 

of auricular systole and very greatly during ventricular 

ejection. In coronary perfusion experimenta raising the 

right ventricular pressure increases outflow from the coronary 

sinus due to diversion of blood from the Thebesian drainage 

system. If the perfusion pressure is low and the right ven­

tricular pressure high, the flow through the Thebesian vessels 

may be reversed and blood enters the myocardium from the 

ventricular cavity. 

D. Venous Drainage : 

The blood after releasing its oxygen, electrolytes and 

food nourishments, returns to the right side of the heart through 
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a superficial and a deep venous system. 

(1) The superficial consisted of the coronary sinus, great 

cardiac vein and anterior cardiac veins usually 2-3 in human 

and 3-5 in dogs. 50 -900/o of the blood from the right coronary 

artery drains into the ante ri or veins (Gregg, et al). The 

anterior cardiac veins empty into the right auricle a little 

above the border of the A V node. The le ft coronary contri­

butes a variable amount of blood to the anterior cardiac veins 

which is considerably les ser than the right coronary artery. (96). 

(2) The deep venous system consists of a number of small 

veins which arise in the substance of the myocardium and 

empty into the right chambers by the Thebesian and other 

luminal vess.els. 

(a) Thebesian vessels described by Thebesius in 1708 

are small venous channels which open into the auricular and 

ventricular cavities. Various workers have show n that they 

communicate with the cavities of the ventricles, especially 

the right, with the coronary sinus and other coronary v eins 

and hence, with the capillary bed of the ventricular muscle. 

There are also many channels connecting the cardiac veins 

with one another and with extra cardiac veins tributary. 



Arteriovenous anastomosis are plentiful in the myocardium. (188). 

(b) Channels of Vieussens described in 1706. (198). 

Wearn demonstrated two types of channels, the arterio 

luminal and arterio sinusoïdal. The arterio luminal vessels are 

coronary branches from 0. 2 to 1. 0 mm. in diameter. The 

arterio sinusoïdal vessels are branches of coronary artery 

which break up into a number of irregular channels varying 

50-250 micra in diam.ter. This channel is referred to as 

myocardial sinusoid lined by one layer of endothelial cells 

in its walls which have free anastomosis with one another. 

E. Coronary Anastomoses or Communications: 

The coronary arteries form 3 types of anastomoses or 

communications: 

1. Potential anastomoses between branches of the coronary 

artery (homocoronary anastomoses) and with those of another 

(intercoronary anastomoses). In normal hearts the coronary 

arteries are eventually end a rte ries. However, anastomoses 

between them occurs if graduai occlusion takes place. 

2. Communications with cavities of the heart. The Thebesian 

vessels and channe1s of Vienssens consisting of arterio 

luminal and arterio sinusoïdal were already described. 
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3. Extra cardiaè anastomoses: Potential anastomoses 

between auricular twigs of the coronary arteries and branches of 

the internal mammary and aorta-pericardial, bronchial, phrenic 

and esophogeal ( 112). The site of anastomoses is in the 

pericardial fat and around the opening of the great vessels. 

Pericardial adhesions increase the extracardiac anastomoses 

(189). It does not appear that anastomotic communications 

play any role in supplying blood to normal hearts. Gradua! 

occlusion of the coronary is followed by development of 

anastomoses as shown bybackflow studies (151, 95, 98). In 

cases of complete occlusion of both coronary arteries, the 

blood supply of the myocardium, to sustain 1ife, comes 

from the ventricles or through extracardiac anastomoses 

or both. Pratt (164) has shown the existance of communications 

between the coronary system and the ventricular cavities. 

Katz and his associates (122) showed the same corrununications 

by injection of bacteria into the superior vena cava. The 

bacteria were found in the sinusoïdal spaces, capillaries and 

small arteries of the myocardium. 

F. Factors Regulating the Coronary Circulation: 

1. The aortic blood pressure: The mean aortic pressure and the 
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resistance in the peripheral coronary vessels are the most 

important factors determining the coronary flow (98, 120). The 

coronary flow is decreased in aortic regurgitation and in 

arteriovenous aneurysm because there is a sharp faU in the 

diastolic pres sure. 

2. Innervation of the coronaries: The coronary vessels 

are very richly supplied with both vagal and Syinpathetic 

fi bers. The larger coronary branches are equally innervated 

by both fibers whereas the arteriolar innervation are mainly 

through the vagus. In mammals the vagus is vasoconstrictor, 

while the Syinpathetic and adrenaline are vasodilator. ( 8). 

The vagus exerts its effects through the liberation of ace­

tylcholine. One would expect acetylcholine to reduce the 

coronary blood flow, but in mammals this chemical dilates 

the coronaries, an effect which is not aboli shed by atropine. 

According to White, a great portion of the coronary constrictor 

fibers run through the superior cardiac nerve and that its 

interruption increases the irri~ation of the myocardium. It 

appears that the normal and predominant action of the 

sympathetic impulses in coronary physiology is to produce 

dilatation, but under pathologie condition, like angina pectoris, 

the action is reversed; that is, such impulse produces coronary 

constriction, be cause of pat hological changes in the myoneural 
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junction { 1 70). Operations devised to re lieve pain by the 

interruption of different pathways are only palliative measures; 

they remove the warning signal of an impending seizure, but 

do not solve the patient 1 s real trouble. The operation of Raney 

. { 1 70) is a preganglionic operation; the major portion of the 

different mechanism is left intact and thus the warning 

signal is not removed. Borner syndrome is not produced; 

the different pathways on the operated side are almost entirely 

interrupted. The operation consists of sectioning of the rami 

communicantes from the intercostal nerves and section of 

the sympathetic chain between the 5th and 6 th dorsal ganglion. 

3. Coronary reflexes initiated from the abdominal and 

thoracic vicera have been demonstrated. Stimulation of the 

abdominal organs has been shown to cause coronary constr:io­

t..ions. A coronary dilater reflex is initiated by a rise in 

pressure in the right auricle or vena cava. The coronary 

reflex is not abolished by excision of the stellate ganglia 

{1 79), and the sections of the other sympathetic cardiac 

fibers. Both limbs of the reflex would appear, therefore, 

to be in the va gus. 

4. Oxygen lack and carbon dioxide excess: Anoxia increased 
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coronary flow very greatly. Reduction of oxygen sat uration 

of the arte rial blood below 20o/o causes maximal dilatation 

of coronary,vessels and a five-fold increase in flow {222). 

Carbon dioxide and lactic acid in the absence of a reduced 

oxygen supply caused only a very moderate dilatation of 

the coronary vessels. Reactive hyperemia is a very pro­

nounced phenomen on of the coronary circulation. 

5. Variation in heart rate: In an animal in which the 

innervation of the heart is intact, the coronary flow 

i s actually incre ased dur ing car diac acceleration. How e v er, 

an increase in heart rate which causes shorteneing of diastole 

relatively to systole, w ill decrease the coronary flow . When 

the rate i s slow, other factor s r emaini ng constant, the flow 

is also augmented . 

6. D r ugs: Nitrites, cyanide s , caffe ine, camphor, adenosine , 

m echoly l increases the c oronary flow. Histamine, niketamide , 

atropine and nembutal w ere found to increase the flow from 

60 to lOOo/o. 

Thyroxine increase s the flow b y 250o/o. Khellin , a n 

active p rinciple from a plantis a pow erful cor onary dilator. 

Pitl-:_i trin decreas es co r onary flow by BOo/o. Alcohol i n the 

c oncentration of 0. 1 o/o or more in the blood cause s c onst ricti on 
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of the coronary artery and reduction of coronary flow. (Sulzer). 

Drugs which increase coronary flow in normal hearts 

have apparently little or no effect in increasing the blood supply 

to an infarcted a rea. 



- 46 -

CHAPTER IV. 

PATHOLOGY OF ISCHEMIC HEART DISEASE. 

Occlusive disease of the coronary arteries is a part 

of a general medical disease called arteriosclerosis. It 

is characterized clinically by angina pectoris, acute coronary 

insufficiency and cardiac infarction; pathologically, by 

occlusive coronary atherosclerosis with or without thrombosis 

and by focal or massive ischemie myocardial necrosis or 

fibrosis. 

Coronary arteriosclerosis is an occlusive process 

usually of large a.nd medium sized coronary arteries {176) 

characterized by intimai thickening, lipoid deposits and often 

calcium deposition, all of which narrow the lumen of the 

coronary vessel (7). The larger vessels on or near the sur­

face of the he art are particularly involved. Small arte ries 

within the myocardium rarely show any marked sclerosis. 

The left coronary a rte ry is usually inore severj1~ffected 

than the right be cause of anatomie characteristic and dis­

tribution. The deep branches of the arteries of the left 

ventricle leave at right angles and pass directly through the 
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myocardium. The branches of the arteries of the right 

ventricle spread out in practically the same plane as the 

larger a rte ries from which they arise. (220). 

Lipoid substances accumulate in the intima in a 

patchy irregular fashion causing a variable degree of pressure 

atrophy of the underlying media and sometimes, encroaching 

in the lumen of the ve s sel. 

The degree of narrowing cannot be acourately -é3:ssessed 

by its appearance at necropsy. Duguid and Robertson 

maintain that an arterioschlerotic vessel per se is dilated 

and that narrowing of the lumen is only caused by thrombosis. 

Although the normal intima and early atheroma are 

a vascular advance, lesions developed a blood supply from 

the vaso vasorum (Leary). Some authors disagree, for 

according to Anderson (7), the intima of normal coronary 

arteries is without vasa vasorum, but in and around athero-

sclerotic lesions may be found in capillaries some of which 

take their origin from the lumen.ofthe artery. The importance 

of haemorrhage from these d elicate channels in the 

initiation of coronary thrombosis has been emphasized by 

Patterson in 1936 and Wartmen in 1938 (212). 
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Secondary calcification of advanced atherosclerosi s may 

convert the coronary arteries into bony tubes. Erosion or 

ulceration of atheromatous lesions forms an excellent nidus 

for secondary thrombosis, which is the com.mon cause of 

acute coronary occlusion. Atheroma may represent nothing 

more than intravascular clotting (Duguid, 1948}. 

A. Etiology of Arte riosclerosis: 

The biologie interpretation of arteriosclerosis explains 

the difficulty some observers have had in determining when 

physiologie aging ends and di sease be gins. The doctrine 

that arteriosclerosis is an inevitable consequence of growing 

old has been largely abandoned, instead it is now believed 

that arteriosclerosis is closely related to disturbances of 

metabolism usually acting over a period of time, brought 

about by heredity, fat ingestion, etnotional and physical 

stress, alcohol and tobacco intake, physical make -up, age 

sex, race and climate (3, 41, 63, 69, 70, 88, llO, 125, 

156). Perhaps there is alteration in the biophysical pro­

perties and biochemical structure of the intima itself. 

The filtration theory of atherogenesis by Page is based on 

observation that cholesterol deposits may accumulate gradually 
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over the years in normal individuals, but that they may do so 

much more rapidly in a far greater degree in the presence of 

raised blood lipoprotein, if there is high filtration pressure and 

if there are changes in the ground resistance of the intima 

increasing permeability. {Wilens, 1947, 1951). 

B. Pathological Manifestations: 

There is a substantial agreement that coronary heart 

disease is a manifestation or varying degrees of myocardi al 

ischemia and anoxia. When a coronary artery is narrowed 

or occluded, the fate of the human being or experimental 

animal depends upon the amount of blood to the ischemie 

myocardium (Beek, 32). The responses of the heart are 

two types: {1) One which concerns the production of electric 

current. (2) The other which concerns the death of the heart 

muscle. 

{1) Coronary Occlusion, Thrombosis , Embolism: 

Complete blockage of a coronary may result from thrombosis, 

progres s ion of the arterioscleroti c p r ocess, intramural 

haemorrhage , syphilis about the coronary opening s and 

embolism. Most coronary occlusions are within 3 - 4 cm. of 

the openings of the vessels. Leyden in 1884 described the 

results of co r onary obstruction and groupe d them into 3 classe s: 
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(a) tho se with no myocardial c;:hanges observable, death 

having occurred so suddenly that there was no histological 

changes demonstrable; (b) those giving rise to myomalacia 

cordis; (c) those due to a slower progressive closure 

of arteries producing myofibrosis either as disseminated 

islands or as larger confluent areas of fibrosis. 

Whitten in 1930, grouped the life results of fibrosis 

of occlusion and infarction: (a) those with a large zone of 

destruction and fibrosis, often associated with thinning 

of the ventricular wall; (b) those with localized scars pro­

ducing surface depressions, the infarct lesion generally 

extending almost through the myocardium in a zone corres­

ponding fairly well with the surface depression; (c) those 

with the infarct confined to the subendocardial third or 

fourth of the ventricular wall. 

According to Beek (31), coronary occlusion has 3 

effects: (a) production of oxygen differentia! and the current 

produced by these differentiais lead to ventricular fibrillation, then 

cardiac arrest. One-third of all victims of coronary heart 

di sease has no infarct. The majori ty of de ath is due to 

fibrillation rather than destruction of muscle; (b) death of 

the heart muscle; (c) heart failed to produce mechanical energy 
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leading into heart failure and de ath. 

Coronary thrombosis is almost invariably on the 

bssis of a coronary arteriosclerosis. It is then the final 

event in blocking a lumen, which is already greatly narrowed. 

The re i s al ways a relation between intramural haemorrhage 

and thrombosis of the lumen. Small hematoma may precipitate 

thrombosis inside the lumen of the artery. 

Coronary occlusion by emboli is relatively rare because 

of the protected position of the coronary ostia. If it ever 

occurs, it is due to fragmentation of vegetations from the 

adjacent aortic valve. 

2. Myocardial Infarction: Gros sly , the infarct of 

the heart wallis primarily a large area of congestion which 

later undergoes the changes described in coagulation nec rosis. 

The area gradually undergoes decolorization, becomes 

smaller, more sharply defined, removed from the arterial 

occlusion and is accompanied by thinning of the heart wall 

in the late stages. There is only rarely a zone of reaction­

ary hyperemia, fibrosis appears first in the margins 

and finally extends through the infarct. The removal of 

necrotic material is accompanied by liquefaction by the 

action of polymorphonuclear leucocytes, fibroblasts, 
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polyoblasts and rnultinucleated giant cells. The re is no 

reas on for as surning that true regne ration of muscle occurs 

in the healing of rnyocardial infarct. (117). 

Cicatrization of the rnyocardial infarct is due to 

proliferation of pre -existent connective tissue and blood 

vessels and is not materially different from cicatrization of 

other or gans. ( 7). 

In view of death of muscle fi ber followed by fibrosis, 

replacement with thinning of the ventricular wall may lead 

to aneurysmal dilatation and cardiac rupture in 5 to 10% 

of cases. (165). 

When necrosis involves the inner layers of the 

myocardium, mural thrombi frequently form against the 

damaged myocardium, in fact, they are found in 40-50% of 

all cases . {Helle r stein and Martin, 19 4 7). 

Local pericarditis occurs over superficial necrosis 

and has be en formed in 30-85% of all cases (Wartman and 

Hellerstein, 1948 (212). 

McDonald and associates (152) found that (a) 43% of 

their pathological specimens had significant coronary occlusive 

disease; (b) 73% of cases without angina, but w ith other clinical 



- 53 

symptoms had involvement of 2 or more arteries. Only lOo/o 

of the se lesions were theo retie ally curable; (c) an gina did 

not occur unless at least two arteries had extensive involvement. 

None of the patients with cngjna had curable lesions. All but 

one have had previous myocardial infarction ; {d) in general, 

coronary arteriosclerosis, when clinically manifested, tends 

t o be generalized. 

Infarction was more common in the left ventricle than 

the right ventricle and infarction in the left ventricle was 

more frequently due to disease of anterior descending branch 

than of the circumflex branch. The anterior descending 

branch of the left coronary artery is called the artery of 

coronary occlusion and the artery of sudden de ath. Although 

the right ventricle has fewer blood vessels than the left, it 

is much more likely to receive an adequate blood supply even 

with advancing years (Whitten (220}. 

In dogs, ligation of the circumflex branch of left 

coronary at its origin results in 90o/o mortality, while of the 

anterior descending branch, results in 70o/o. Li.gation of the 

right coronary at its origin results in IOOo/o mortality. Back 

flow of 300 ces. per hour fro.rn the anterior descending is 

enough to save the dog's life, if this artery is ligated and 390 cc. 
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per hour from the circumflex artery is enough to save life 

after this artery is ligated. (Beek, 17, 18, 28, 31). 

The incidence of infarction was 75o/o for anterior 

descending branch; 21% for the right coronary artery and 4% 

for the circumflex branch of the left coronary artery in 

human patients. (Bean, 16). 

Zoll, Wessler and Schlesinger found intercoronary 

arterial channels to be found in 9% of normal human heart 

and about 10% of normal dogs 1 he art. 

Occlusion of a major coronary artery branch for 

10 mins. causes subsequent electrocardio-graphie changes 

in many dogs and gross infarction is produced by occlusion 

for 25 mins. (Webb, et al, 215) 

• 
Occlusion of coronary arteries is the most effective 

stimulus for production of intercoronary anastomoses. 

Occlusion plus time equals intercoronary arterial 

anastomoses. 89% with acute occlusion had intercoronary 

channels while lOO% with chronic occlusion had intercoronary 

channels (31). 

T w elve or more days of 75% narrowing w ere regarded 

to produce sufficiently rich anastomotic communications to 



- 55 

protect the myocardium from da.rmge and to permit survival 

after supe rimpos ed acute complete occlusion;freely 

communicating anstomoses rarely appeared within hours 

or days, but were abundant after two weeks (44). 
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CHAPTER V. 

HISTORICAL BACKGROlfl\TD OF THE DIFFERENT REVASCULARIZATION 
PROCEDURES REPORTED IN THIS THESIS. 

A •. Introduction: 

In the Harvey Tercentenary Congress in London last 

.June 1957,: circula ti on in different parts of the body, 

including coronary circulation, were discussed., Histo­

rical background with regards to etiology, physiology, 

pathology and treatment both medical and surgical were 

reviewed and presented by different repres:enta.tives: 

of 16 countries-. ]t wasthe consensus, that arterios:cle-

rosis would probably be better understood in the next_ 

hundred years and then may be prevented. Until that . time 

cornes, -different research laboratories are discovering 

new. facts a:nd surgery has . taken a foothold in the therapy 

of coronaxy artery diseas-.a-.. 

Beek and 0 1 Shaughnes.sy pioneered revas.cula:rization 

of the ischemie myocardium by their famous operations: 

associated with theirnames in 1935 and 1936,respectively. 

Since then,- new surgica~ thera:ptes: have come and gone, and 

it was . implied that some had transitory popularity. Never­

theless, surgery of the hear.t is here to stay •. A brief 

ta:bulated summary of thes,e . procedures · appears in Table I. 
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A-detailed historical review of the surgical pro­

cedures performed. in this la~oratory for the year· 1958-

59 is hereby presented. 

B~ Ivalon Sponge Opera~tion (208, 209): 

In 1957, Constantine a.t McGill University used 

thin slices .of marine sponge and Deliyannis of Hon­

treal Cardiology Institue, in the same yaar, . used 

dry marine sponge powder., Bath vrere abandoned because 

most of the \animal\)died from severe reaction and peri­

cardial effusion •. 

Since 1951, plastic sponge manufactured by Clay 

Adams of New York wa::s : used as a framework for living 

tissues. Grindlay and Waugh of Roches:ter, Minnesota. in 

1951 reported its use to reinforcea.bdominal aneurysms. 

In 1952, Gale and associates of Madison, Wisconsin 

used ivalon sponge prosthesis following resection in 

pulmonary tuberculosis. By using this sponge as plom­

bage, the dead space~ created following resection was: 

filled and accompanied by a~. minimal amount of rea:.ction. 

Deliyannis, while a. resident in the Chicago Municipal. 

Sanatorium in 1956, where iva·lon plombage wa:s used in 

lung resections, noted that the sponge wa·s moderately 

va,sculariezed during subsequent operations on the same 

patients. This puzzled him, sa when he came to Maison­

neuve Hospital in 1957,. under the direction of Vineberg 
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he used for the first time, thin sheets of one-eight 

of an inch thick Ivalon sponge for revascularization 

of the ischemie hear.ts in a series of 14 dogs,whose 

coronary aTteries had Ameroid constrictors. Three 

dogs survived 30 days and the rest were sacrificed two 

and one half to four months after operation .. The sacri­

ficed dogs showed no evidence of myocardial infarction. 

Microscopically, the inters.tices of the sponge contained 

blood vessels fill.ed wi th red blood cells •. There wa:s. no 

evidence of arteriolar connections between these~ vessels 

and the arterioles.· of the myocardium. He used retrograde 

injection of the coronary sinus wi th india:_ ink which 

reached the area: of the sponge . and the lumen of the 

heart. There. wasono definite. conclusion to his. work 

becausanormally retrograde india. ink injection of 

the coronary sinus of nor-mal hearts 1.vill go into the 

lumen of the heart .. This was proven many years aga· 

by Thebesius, Pratt and Wearn .. Verbal conversation 

with Deliyannis, before he left Maisonneuve Hospital 

in 1958, lead me to believe that he did not have much 

faith in the procedure. and that. he predicted that the 

ivalon sponge would be replaced by fibroustissues, 

if left: lorg enough on the surface of the heart •. 
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Vineberg, on the other hand, believing that 

some protection was given to those dogs of Deli­

yannis for them to survive the ameroid constric­

tors and live many months .. As a-_ matter of fact,; 

he was the firs:t one ~ to us.e successfully the 

ivalon sponge in revascularization of ischemie 

human hearts in the ear1y 1958. 

In view of lack of sufficient scientific proofs 

of how. the ivalon sponge operation works, we have 

reinvestigated the operation at the Department of 

Experimental Surgery of McGill Univers~ty from 

July l,:L958 to June 3n, .. 1959. 

Two series . of Iva.lon Sponge Operations were 

performed as ---Series . II-A. and Series I:E-_B, which 

are described. in Ghapter VIII of this thesis •. 

Ivalon sponge is a~ white polyvinyl.aJ..cohol 

sponge produced by treating foamed polyvinyl alcohol_ 

with formal.dehude •. It is soft and resilient when wet 

and hard when dry •. The sponge. can easily be sterilized 

easily by boiliing in water · for 30 minutes and allow­

ing this sponge to remain in -vra:ter un til cool., It ha:s _: 

a . framework of continous intercellular· spaces, which permits; 
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- the infiltr.ation- of- --fi brous--tissues--and- -new...- l::J:l{}Gfl :va-s-sels. 

Ivalon-surgical -s~Gnge- is:- Se!>a:Pa te.l:y-manufaetur-edr:unàer---
. . . ' ~ . . . . . . .. . . . . : - . . . -· . . -- . 

ca;refully cen-trG~led eon~~ t~ons~ r e~rapa~e~ - ~o--the ~Fd~na.Fy 

household sponge, _- in _order~ t0- ~voi~ -- ~~rei-~11- body:-_~~ae~~on 

which might result from c0ntam~nation~.- Furtherm?~e, ~ t~~ 

sponge will not supp0rt- mold or -1Ja:cteria1. growth. It is.: 

inert and harmless to living tissues •. 

C:..~ Iin~lantation .. of the- -Internai. Mammary Artery into. Left 
VentrîcularMyocardium and Partial Coronary Sinus Cons~ 
trictlhon-: · (194-206 inclusive) - . - - . --- - .- --

In 1946-, · Vine berg firs't implanted . the- lef.t- in-terna.!. 

mammary artery into the lef-t ventr-icular- myocasdium- in 

dogs? and _subsequently, . to many human patients since 

1950.-. During the -sp.an of- 13 years, - many- hundreds of 

dogs wer.e subjecte<i-- to- this. type of operation by diff er­

ent Research Fellc:>ws- in this labor~tory,~~tudying - them 

physiologically , - tecbnically and patho~ogica~ly - for: 

more refinement and-modifications- as the- case- may- be. 

The original Vine-berg- procedureas- reported in 
. ·- . - . . ·-

the -li terature and- as mentioned -by Rodriquez. in- An­

Atlas of. Cardiac Surg.ery, consisted of t he f.'ollovling.; 

1 • . The lef t internal mammary artery is- dissected free: 

from the che set . wall. from the 6th- to 4th intercostal. 

spaces; . transectimg very caTefully 
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between catgut #3 -0 ligatures, the intercostal branches. The 

distal end of the artery is ligated with cotton. 

2. The artery is implanted into the ventricular tunnel 1 cm. 

deep and 2 and 1/2 cm. long, created by a small straight 

mosquite hemostat forceps, without tension, torsion, kinking 

and injury to the artery. The end of the artery, which is 

ligated with cotton, is tied to an anchoring suture of cotton 

at the region whe re the tunnel ends. 

3. Before the artery is drawn into the tunnel, the 6th inter­

costal artery and 2 or more branches are eut so that blood 

escapes freely through the openings into the surrounding 

myocatrdial tunnel. 

4. The pre-pericardial fat pads are applied over the surface 

of the myocardium which is stripped off the epicardial covering. 

5. Recent additional modification: partial coronary sinus 

ligation to 3 mm. diameter. 

A study shows that new blood is brought to the myocardium 

because no hematoma is produced after the artery is allowed 

to bleed continuously inside the myocardial tunnel. Histologi­

cally, anastomoses between the arteriolar branches of the 

implanted artery to the branches of the arteriolar branches 

of the coronary arteries takes place, approximately 5-6 months 
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after implantation. Blood could be perfused under constant 

pressure equal to the mean aortic pressure into the coronary 

vascular system through the implanted interna! mammary 

artery at the rate of 45 cc. per minute. Mortality i s reduced 

after anterior descending branch of the left coronary artery 

is ligated. Finally, there is better chance for the interna! 

mammary artery to grow and give branches in a ischemie 

myocardium, than in a normal well supplied myocardium. 

The critics of this procedure has been numerous 

because the results they obtained in their laboratories could 

not duplicate those obtained in this laboratory. The surgical 

and medical literature has been flooded by this discouraging 

poor result from different authors, that the popularity 

of the procedure has waned temporarily. Nachlas and 

associates (158) found that the interna! mammary implant in 

pigs became obliterated in 4 weeks. Maniglia and Bakst (139) 

showed after 6 months following implantation that the lumen 

of the artery has narrowed from 50% to 10% of the normal 

cali ber. Glenn and his aseociates (81, 82) reporte d that the 

implanted artery showed narrowing of the lumen due to intimal 

proliferation and the other changes were those of organization 

and channe ling. The report in the literature appe ared to have 
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changed since 1958, when ether reseachers, 1ike Be11man 

and Fr.:ank (36), Bakst and Loewe (134), Pearl and associa:.­

tes (160), Duchene et al (64) have shown that the impâants: 

remained patent and anastomoses were formed with the bran­

ches of the coronary arteries., They a'lso reported better 

survi va:l.s and better protections . to the ischemie hearts 

by physiologicaJ. studies. Pearl and Bakst have recentiy 

reported that good implantation of the arteries occurred 

in ischemie myocardiums far better than in normal non­

ischemie hearts .. The purpose of the operation appeared 

consummated for it is the treatment of coronary insuffi­

ciency and the operation of choice: nowand in the future 

for· i t really brings new; extra·. cardiac blood to the im­

poverished heart, which is on the brink of death., 

D., Beek I: Jîbra:.siOn of the Epicardium;; Asbestos Poudrage 

and Partial_ Liga'tion of the Goronary Sinus:. (17, 18, 19, 

22~ Z3, 2:5 , . 26, 27, 28, . 2_9, 30,. 34). 

Beek has pioneered the work in n.evascularization o:f 

the ischemie heart •. Ih 1935, he started wi th grafting pee tor 

a;l_ muscle to the surface of the heart, follov;ed by poudrage 

o-f powdered beef bone. Subsequently, through seriesof 

anima-l experimentations, he brought forth the Beek I pro-

cedure. It consisted of theabrasions of the lining of 

the parietal pericardium and also of the epicardium, 
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naJ:>rowing of the coronary sinus to a diameter of 3 mm.,~ 

applica.tion of powdered asbestos 0:.3 grams to the sur­

fa:ce: of the hea:rt and final1y, the a-pplication of me­

dia:stina-.J.:. fat as- a graft to the surfa-ce of the heart. 

Beek claims that this operation increases average back 

flow. from 228 cc per hour to·: 510:: cc per hour, or an in­

creas.e: of 282 cc: per hour. Recently, he has tried to 

replace - the mechanica:::t epi cardial abra-sions by the app ... 

lication of 5% trichlor~cetic a~id and his results 

showed a:vera·@e back flow: of IO.l cc per minute or· 

606 cc· per hour. This modification is still in the 

experimental stage,. although he has. already tried it 

in some human cas.es.. The Beek I operation produces an 

inflammatory reaction on the surface of the heart which 

in turn, produces and opens intercoronary arterial. chan­

ners •. The operation rarely aùds new bloa>'d from outside 

sources., It redistributes .. i ts own blood, so that the 

heart can enjoy a . balanced circulation. Beek believes 

tha·t the heart resists blood from outside· sources and 

while it ise not impossible. to produce extra coronary 

anastomoses betw.een the hearts and grafts, they can not 

be produced wi th any degree of r .egulari ty. 
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Gross in 1935 has shown ligation of the coronary sinus 

provided far greater extractions of oxygen from the blood in 

the capillary bed, stimulation of inte rcoronary anastomoses, 

reduction of size of infarct when left anterior descending 

branch of left coronary artery was ligated. Subsequently, 

different author s have substantiated the se findings. For 

this reason, it was incorporated in the Beek operation to 

increase survival rates and prolongation of life. Beek I 

operation prevents the mechanism, death, which is the main 

cause in 90% of cases, secondary to oxygen and electrical 

differentiai at the periphery of the anoxie zone and 

n:ormal heart tissue. The differem:;e in electrical potential 

electrocutes the heart by producing ventricular fibrillation 

and then cardiac arrest. One third of coronary attacks 

or death does not show any myo~ardial infarction. The 

other cause of death is death of the muscle mass, which leads 

into cardiac failure. This proceudre is at present the most 

popular, for it is easy to perform, has very low mortality, 

(8%), a nd has a good immediate result (64, 140). 
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E ... Thompson and Ra:isbeck Procedure (Cardio-pericardiopexy) 
(148,; 189,:. 190) •· 

In 1932, Hudson, Morit~and Wearn have recommended 

the pericardium a'S a source of' collatera'l circulation f'or 

the pericardium recei vesc.: branches: from the a.:ortar internai 

mammary, esop_ha:gea:l., phrenic,: bronchia~l., mediastina.l amd 

coronary arteries.- Cardio-pericardiopexy was f'irst us.ed by 

Beek and 0 1 Shaughne-ssy. 

In 1942, Thompson and Ra::isbeck f'irst introduce_d O.]; 

grams of' sterile. ta-J .. cum powder- (U.S.P.) ,: hydrous: magnesium 

silicate into the pericardia.J. sac •. The powder produced a . 

foreign body reaction cha:ra.cterized by f'i brinous pericardi~ 

ti s.e. There was . inf'lamma:tory reaction in vol ving the pleura:., 

pericardium, epicardium and aùjacent myocardium. Augmenta~ 

tian of' corona~y circulation v~ produced in three ways: 

1. Formation of new channels between the main corona:ry a:rt~ 

eries. (2) Dilatation and proliferation of' alrea'dy existing 

inter-coronary channels •. (3) Formation of' new extra~cardiac 

channels from the graf'ted pericardium •. (ll..f.8). All of these 

actions were due to foreign body granuloma·_ reactions to 

the irritant ef'fect of' the taJ.cum powder, accompanied~ 

by the hyperemic and increas.:ed va;sculari ty. Subsaquently, 
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different authors have instilled chemicals into the peri­

cardial cavity to produce cardio-pericardiopexy. Sorne of 

these chemicals are phenol, acetic acid, HCl, trichloracetic 

acid, sodium, salicylate, enzymes, etc. Various surgeons, 

who have used the procedures, showed good resulta because 

it is easy to perform, has low mortality rate and has 

produced immediate effect and action. However, other 

authors, like Gage and associates (77), Gross and associates 

(102), showed that cardio -pericardipexy failed to protect the 

experimental animal against coronary occlusion. 

F. Cardio-Pericardiopexy: ·By the Use of 5% Sodium Salicylate: 

This i s another procedure li:\ce the Thompson-Raisbeck 

procedure which works on the same physiological principle of 

producing non-suppurative fibrous pericardiopexy through lysis 

of the epicardium. The othe r chemi cal methods of de -epi­

cardialization were: (l) phenol, used by Harkin and associates 

(107); (2) resorcinol; (3) cresol; (4) thiophenol; (5) thiocresol; 

(6) barbiturates, salts; {7) ether! (8) chloroform; (9) aliphatic 

alcohols; ( 10) acetic acid; (11) lactic acid; ( 12) phosphoric acids; 

{13) salicylic acid; {14) acetyl salicylic acid; (15) trichloracetic 

acid; { 16) and lastly, salicylates salts. 
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Knock of Presbyterian St. Luke's Hospital in Chicago , 

first used sodium salicylate solution in hypertonie glucose in 

conjunction with implantation of multiple omental loops for 

revascularization by cardio-mentopexy (124). SHe claims 

that simple application of sponge soaked in 5% sodium 

salicylate solution to the ventricles for a few minutes , 

allowed easy removal of long strips of epicardium from 

both right and left ventricles. No ether authors in the 

literature has used 5% sodium salicylate alone for revas-

cularization of the ischemie myocardium. In this laboratory , 

we have t:ried this chemical in a series of five dogs to 

find out its efficacy in terms of physio1ogical, patho1ogical 

survival and X-ray findings. 

G. Arterialization of the Coronary Sinus by Anastomoses of 
Left Inferior Pulmonary Vein to Coronary Sinus and Partial 
Ligation of coronary Sinus: A New Procedure. (Pa-blo) 

The principle of arterialization and of the reversa! 

of the flow of blood thr ough the coronar y sinus and its 

ramifications w as first suggested by Robe r ts ( 172) and w as 

first successfully carried out in experimental animais and 

human beings by Beek andhis co-workers. Bailey and his 

a s sociate s {12) confirm ed the results of B e ek and he h a s 

advocated its use in occlusive dis e ase of the coronary 
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arterial system, produced by atherosclerosis and in congeni-

tal anomalies where coronary arteries take origin from the 

pulmonary artery. It has been shown that the coronary sinus 

and its tributaries possess continuj_tywith the capillary 

bed of the left ventricle and septum. The coronary sinus 

also has several collateral channels leading to the lumen of the 

right atrium. Arterialization of the coronary sinus permits 

arterial blood to enter the capillary bed of the left heart by 

retrograde flow through the tributaries of the coronary 

sinus. F"oliowing arterialization, branches of the coronary 

sinus establish epicardial anastomoses with the small cardiac 

veins of the right ventricle. Through these anastomoses, the 

right ventrj.cle also receives arterial blood. The collateral 

channels also return the major outflow to the lumen of the 

right atrium, which acts as a safety valve. The two me as ure­

less 
ments of benefits ar( mortality and infarction, which indicate 

that the anastomoses can and does supply the myocardium 

-,;•;ith a sufficient amount of arterial blood (12, 14, 23, 24) 

Hahn and Kim (105) studied histological changes after 

arterialization of the coronary sinus. The original vein had 

undergone marked alterations so that it was difficult to 
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identify intima media and adventitia. The graft was a tube 

of fibrous tissue lined by endothelium. The media and ad­

ventitia were composed of collagenous and coarse elastic 

fibers. Finally, it was found that the grafted vessel becomes 

occluded in 6 months by intimal proliferation and thrombus 

formation. At present, Dr. Beek and other surgeons have 

given up this procedure, because of difficulty in the 

technical aspect, high mortality, multiple surgie al pro­

cedures and finally, the graft becomes blocked. 

In the pre sent procedure, we are using the le ft inferior 

pulmonary vein, which carries arterial blood and which has 

a lower pressure than a systemic artery, thus preventing 

ultimate blockage of the anastomoses. Partial ligation 

of the coronary sinus is a1so performed, like in Beek I, 

in order to augment the reve rsa1 of flow through the coronary 

sinus and promote intercoronary anastomoses and bring more 

blood to the capillary bed. This operation could be performed 

inonesingleprocedure. {20, 66, 94, 95, 100, 101). 
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CHAPTER VI. 

OBJECTIVES AND PROBLEMS OF REVASCULARIZATION OF THE 
ISCHEMIC MYOCARDIUM. 

The death from coronary heart disease has reached an 

enormous proportion to become not only an individual problem, 

but also national as weil. In the United States alone in 1950, 

the death from cardiovascular disease was at the rate of 2, 040 

each da y, 8 5 eve ry hour and 1 . 2 5 eve ry minute. One -thi rd of 

ali deaths in the U. S. we re due to this numbe r one 

killer. {189). 

There is an increase in coronary death of 114% over 

a period of 7 years. The increase among physicians was 240%. 

It appears to be that coronary heart disease is an occupational 

hazard of the medical profession. It does not spare even those 

who know the disease, and who treat the disease itself. {189). 

Since the medical treatment for these coronary cripples 

is insufficient and very unsatisfactory, s urgical treatment has 

taken a foothold in its therapy. Many years ago the heart 

\T;as a forbidden territory and a no man''s land for the 

surgeons, but toda y, it is the main street of cardiac sur gery. 
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All revascularization procedures done in human beings 

have been tried and given the statnp of approval after hundreds 

and thousands of experimentation in animais. They have been 

studied in all angles, physiologically, pathologically, technically, 

radiologically, etc. They were also submitted for careful 

scrutiny and discussion before surgical meeting of top leve! 

cardiac surgeons, physiologists and cardiologists. 

The pathology of the heart could be understood better 

after knowing it physiologically. The purpose of any treatment 

is to re store as much as possible of the heart to its normal 

function. 

In myocardial ischemia the limit of adjustment between 

blood demand and supply which has been called the coronary 

reserve may be exceeded by an increase in myocardial demand 

or rationale of surgery in the treatment of coronary heart 

disease is to increase the coronary supply. The treatment 

consisted of interruption of the nerve supply, especiàly the 

sympathetic nervous system, removal of the thyroid gland when 

ne ce ssary, and finally, the operation on the he art :itself. The 

objective is the augmentation and distribution of the coronary 

circulation which is produced in 3 ways: 
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{1) Formation of new channels between the main coronaries. 

(2) Dilatation and proliferation of already existing intercoronary 

channels. (3) Formation of new extracardiac channels { 190). 

The other problem is the simulation of the disease in 

experimental animais. The re were various ways of experi­

mental production of coronary insufficiency performed and then, 

results are controversial and inconciusive. Furthermore, 

revascularization procedures are performed long before the 

disease has occur red, which is not the case with human beings. 

The ideal way is to produce the disease and then treat it 

afterwards, just like treating hum an cases. 

In the Department of Experimental Surgery At McGill 

University, litvak in 1956-57 simulated coronary insufficiency 

by the use of ameroid casein plastic in steel jacket whose rate 

of constriction of the coronary arteries were slow, fairly 

constant and reasonably predictable in vivo. These dogs 

subjected to ameroid constrictors will die at an average of 

20 to 26 days, if no revascularization procedures are done 

on them {132). 

For the above reasons, the application of ameroid 

constrictors and revascularization procedures were performed 

simultaneouà.y which are compared to the control series 
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of arneroid constrictors alone. 

The following operations carried out in different series 

all had ameroid constrictors as follows: 

Series I: .Arneroid constrictors for control 
Series liA: Ivalon sponge operation. 
Series liB: Ivalon sponge ope ration. 
Series III: Implantation of left interna! mammary artery 
into left ventricular myocardiwn with partial coronary 
sinus ligation. 
Series IV: Beek I operation. 
Series V: Thompson-Raisbeck operation. 
Series VI: Cardio-pericardiopexy by use of sodiwn 
salicylate. 
Series VII: Arterialization of coronary sinus by anas­
tomoses with left inferior pulmonary vein. 

The various revascularization procedures -..,vil! be 

compared to the control series and also between one another as 

to their efficacy on the following basis: 

1. Survival time and mortality rate for the different procedures. 

2. Intracardiac anastomoses like homocoronary and inter-

coronary anastomoses by injection of newSchlesinger mass. 

3. Extracardiac anastomoses as shown by injection studie s 

àf intact he art. 

4. Pre sen ce and location of infarctions by slicing the hearts and 

b y microscopie findings. 

5. Nwnber of arterioluminal vessels and number of these 

vessels that went into the lwnen of the heart. 
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6. Extent of coronary occlusion of ameroids treated cor onary 

arteries by microscopie studies. 

7. Patency and extent of occlusion of implanted internai mammary 

artery and anastomoses between left inferior pulmonary vein 

and coronary sinus by microscopie studies. 

8. Position of septal artery. 

9. Presence of dye in the intramyocardial blood ves sels. 

10. Pertinent microscopie findings. 

--------------------------------
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CHAPTER VII. 

EXPERIMENTAL MYOCARDIAL ISCHEMIA. 

A. Review of Previous Methods: 

Coronary artery disease is very common in human 

beings and could be easily produced in a susceptible host. 

In the experimental anaimals, especially in dogs, 

C4Dronary artery disease with coronary insufficiency is 

difficult to produce and stimulate as in human subjects. It 

is for this very reason why numerous setbacks in the 

research for the treatment of this dise as e lies. 

Since the late 18th Century, numerous methods have 

bee n tried experimentally and clinically in order to produce 

the graduai occlusion of blood ves s e ls, including the coronary 

arteries. The reports in the lite rature are voluminous, 

its statistics are inade quate with r egards to effecti v e ness, 

mortality and extent of i nfarction. 

Arterial occlusion could be produced by exte rnal 

compre ssing deviees, by means of loops, springs, s crews, 

tape , bands , clamps, like the Goldblatt clamps, and gadj e ts 

infinitum , which have been developed and tried by n umerous 

inve s t igators, like H a lste d , Neff, Burch e ll, etc. The main 
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disadvantage of this method is infection invading the artifi<ial 

sinus from the outside, haemorrhage, compression atrophy 

about the wall and unpredicability of effective occlusion. 

Arterial occlusion of internally obstructing the arteries 

like fas cial plugs, tubes, springs, polyethylene tube, vinyl 

acetate and thrombogenic materials, like magnesium and 

aluminum wires, were performed. These foreign bodies 

within the vessels produce rapid thrombosis, plus danger 

of embolism, and finally, recanalization in some instances, 

w hich may or may not be desired. 

Injection of irritant solutions, like iodine, silver 

nitrate, ac rifla vine, silicon, sodium morrhuate, into the 

tunica adventitia of the arteries w ere a.laa used. The results 

were variable from mild to marked fibroplasia with resultant 

narrowing of the vascular lumen. 

The most popular method in many laboratories in 

Canada, U. S. and other countries, i s the ligation of one or 

more branches of the left coronary artery by means of 

suture ligatures, like cotton, silk or tape . This is usually 

done in a few weeks or days following revascularization 

procedures in normal or non-ischemie hearts. It is compared 

to putting the cart b efore the hors e . 
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Furthermore, it has been proven that revascularization 

procedures were usually ineffective in non-ischemie hearts, 

where blood supply is normal. There is no need of extra 

blood in a normally nourished heart. {134, 160). 

In recent years and in different laboratories, e~eri­

mental production of gradua! vascular occlusion by the use 

of cellophane, polyethylene, dicetyl-phosphate and finally, 

a combination of cellophane plus dicetyl-phosphate were tried 

by Abbott in 1949, Shapiroff in 1950, and Litvak of McGill 

University in 1956-57 {132). 

The result of the experimental procedures showed with 

certain unpredictable periods, variable amounts of fibrotic 

reaction in the 1J,lnica adventitia and secondary narrowing of 

the arteriallumen. At no time was ;the free flow of blood 

in any of these arterles impeded because arterial pulsation 

and free flow of blood from the eut end of the artery distal 

to the wrapping were present. 

The unsatisfactory results with cellophane and 

dicetyl-phosphate prompted a further search for a more 

suitable means of occluding arteries. 
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B. Gradua! Occlusion of Coronary Arteries by Me ans of Ameroids. 
(Compressed casein plastic in a steel jacket, 132). 

In 1954, Berman of Indianapolis, first reported casein 

plastic material as a means of producing graduai occlusion 

of blood vessels in experimental animais and man in a pre-

di etable time. Ca sein plastic i s a hygroscopie ca sein 

derivative which absorbs water slowly. This material 

could occlude blood vessels if it is encased in a capsule 

or shell rigid enough to withstand peripheral expansion 

of the casein. 

The casein plastic bars or rods are fitted into a 

stainle s s steel sleeve 1 mm. in thickne s s. The lumina of the 

casein plastic jacket are eut to different sizes by means of 

a metal drill. A longitudinal slot is made along the side 

of the sleeves through the steel and casein plastic into 

the lumen by me ans of a .metal saw. The purpose of the lon-

gitudinal slot is to provide a means of slipping it over a 

vesse! which is flattened momentarily. Encasement of the 

mate rial in stainless steel directed the expansion of the 

plastic towards the previously eut lumen. 

Glycerine coating of these sleeves produced a slight 

reduction in the rate of luminal obliteration over the entire 
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PLATE NO. 7. 

Photograph shows a strip of Ivalon surgical sponge, 
(Clay-Adams} 1/16 inch in thickness; 2 casein plastic 
1ameroids' in stainless steel jacket, and a ruler to 
show the relative size of its lumen, which is about 
0 . 1 0 3 of an inch. 
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test period and occlusion occurs in 12 days. Rapid swelling of 

the plastic is noted. Petrolatwn or vaseline coating of the 

sleeve produced no obliteration or alteration in the initial 

exparSion of the plastic for 20 days. This is followed by 

a more graduai diminution in the size of the lumen over the 

remaining test j:>eriod. 

John Litvak of the Department of Experimental Surgery 

in 1956-57 tried this compressed casein plastic, called 

ameroid, in a stainless steel jacket clinically in dogs, 

using peripheral and coronary arteries. There is evidence 

that the time of occlusion of these arteries can be predicted 

with much success in order to produce artery or coronary 

insufficiency. These ameroids without coating of vaseline 

or petrolatwn placed around the anterior descending and 

circumflex branch of the left coronary artery close to their 

respective point of origin, produced in 12 test dogs death which 

ranged from 2 to 26 da ys with an average of 15 da ys. When 

the aneroids with a lwnen of 0. 110 inch, coated with 

petrolatilm were used, the average survival in Litvak 1s 

series w as 20 days and in Mahanti 1s series was 26 days. 

Microscopie examination of ali sleeved encased 

coronary artery segments, revealed that occlusion probably 
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resulted from 3 mechanisms: (a) The re is mechanical narrowing 

of the vesse! by the swelling force of the casein plastic, 

thus making it the most patent factor in causing gradua! 

vascular occlusion. {b) Fibroblastic response s of the 

arterial tunicae at the site of the sleeve application probably 

helped in narrowing the functional lumen. (c) Intraluminal 

thrombi are found which had organized and gradually filled 

the lumen of the artery in di reet relation to the amount of 

time of sleeve application. Intraluminal thrombi appear to 

form eccentrically from the walls of the tunica intima and 

progressively filled the lumen. 

The se microscopie findings correlated with the clinical 

course of the experimental animais suggest that tdal 

anatomical occlusion of these coronary arteries was not 

necessary for production of myocardial infarction and 

insignificant alteration to the depolarization of the conducting 

system of the he art. 

In the pre sent studies of artificial myocardial 

ischemia, we use a modified technique of storage, sterili­

zation and coating of the ameroid prior to its usage in the 

control and different revascularization series. 
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The modified technique presently used is as follows: 

The standard size arneroids with internai lumen of 0. 103 

of an inch. are measured by calipher and then placed on a 

steel rod, 6 in. in length, which will snugly fit into the lumen. 

This is purposely done to prevent graduai obliteration of 

the lumen from the desired size. The ameroids in stainless 

steel rods are placed in an airtight dessicator containing 

soda lime in its bottom. The soda lime absorbs moi sture in 

the bottle and thus prevents expansion of the casein plastic ; 

the arneroid is always kept dessicated dry. 

On t'he day of operation the ameroids are obtained from 

the dessicator and placed inside a clean bottle containing 

fresh white petrolatum {U. S. P). The bottle is loosely 

covered and placed inside the autoclave for 10 minutes 

at 20 lbs. pressure or 15 minutes at 15 lbs. pressure. 

The arn.eroids become sterilized and at the same time, are 

coated with the melted petrolatum. The sterilized ameroids 

are allowed to cool and its internai lumen measured and 

verified to the de si red size of 0. 103 of an inch by me ans of 

sterile known steel rods before they are used in the different 

surgical procedures. Plate No. 8 shows the glass des sicator 

containing ameroids and soda lime. 
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PLATE NO. 8. 

Photograph of an airtight glass dessicator containing 
Arn.eroids and soda lime. 
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CHAPTER VIII. 

MATERIALS & METHODS. 

A. EXPERlMENT AL ANIMAL. 

In cardiac experimental research, dogs, especially 

the mongrel bred, are used not only in the Department of 

Experimental Surgery at McGill University, but also 

in other laboratories in Canada and the U. S. Mongrel 

dogs are preferred because of their fairly good resistance 

to infections and other diseases and also they tolerate 

operative insult and trauma very well. They are easy 

to procure at any time of the year, and are easier to 

care fore postoperatively for they are domesticated. Further­

more, the dog's heart has great resemblance to that of the 

human, anatomically and physiologically. Experimental 

results are comparable because the same type of animal 

is used practically in every research laboratory. 

In our studies, mongrel dogs, which were healthy and 

!airly young, with weights ranging from 37-56 lbs. were used. 

Bath sexes are represented and no pregnant ones were used in 

the series. Originally, we wi sh to limit our dogs to weights 

between 40-50 lbs. so that the hearts are of uniform size 

for production of coronary insufficience by ame roid constrictors. 

-- --- --------
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B. ANESTHESIA. 

The dogs did not have any premedication except that 

they had nothing by mouth the night and morning prior to 

operation. They were putto sleep by means of intravenous 

nembutal with the dose of 1 gm. per 5 lbs. thus maintaining 

third plane of anesthesia for âlbout 3-4 hours. An enqotracheal 

tube with an inflatable cuff or balloon was introduced into 

the trachea via the oral cavity to maintain a patent airway 

at all times. After the balloon was properly inflated, the 

endotracheal tube was connected to a Hiedbrink anesthesia 

machine and automatic Jefferson respirator, using plus 15 

and minus 5 mm. of pres sure of 9 5o/o oxygen and 5o/o carbon 

dioxide mixture. Fresh soda lime was always used in the 

anesthesia machine. Sometimes, additional numbutal was 

given if the anesthesia became light during the ope rative 

procedure. 

C. OPERATIVE PROCEDURES: 

After the animal was put to sleep, the left chest and 

upper abdomen were shaved by an electric razor. Thena, the 

dog was positioned on the operative table on its right side 

with the left side uppermost. The four extremities were 

fastened and immol:ilized to the upper and lower posts on 

the side of the table. An alumin.nlcontact plate of the Bovie 
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machine was anchored to one of the hind legs which was 

previously shaved. 

The operative area was thoroughly cleansed with 

green liquid soap and water severa! times followed by the 

application of severa! layers of tincture of merthiolate 1 

to 1,000 solution. Finally, the operative site was draped with 

sterile towels anchored to the skin by towel clips, followed 

by large surgical sheets. 

The skin was incised from the sternum anteriorly 

to the line of the transverse process posteriorly and was1made 

through the 4th or 5th intercostal space, depending upon the 

procedure for proper exposure of the field d operation. The 

subcutaneous tissue and different layers of the chest muscle 

and pleura were transected by a sharp knife, scissor or 
1 

by a Bovie cautery. Small bleeders were electrocoagulated 

while big ones were ligated with cotton #lü. The edges of the 

incision we re draped with sterile towels and the adjacent 

ribs were spread 6 or 8 inches apart by a Burford or Tofiay 

self-retaining retractors for perfect operative exposure. 

The rest of the detailed technique depends upon the 

type of revascularization procedure. However, the control 

series and ali other revascularization series had coronary 
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artery insufficiency, produced by application of vaselinized 

ameroids around the origins of the anterior descending 

and circumflex branches of the left coronary artery. 

Individual pr9cedures of the different series would then be 

described. 

SERIES 1: OPERATION FOR CONTROL WITH AMEROIDS. 

The chest was opened and adjacent ribs were separated 

by rib retractors to the de si red field of exposure. The 

heart was in free view after the left lung was displaced 

posteriorly by retraction with a lung forceps. 

The pericartlium was incised parallel and anterior 

to the left phrenic nerve from the base of the heart to its 

apex. AU pericardial bleeders were ligated with #5-0 black 

silk sutures. The pericardial flaps were retracted by #3-0 

black silk sutures and anchored either to the rib retracter or 

operative sheet. The left coronary artery and the origins 

of the anterior descending and circumflex branches together 

with their corresponding veins were identified, and e xposed 

after the le ft auricular appendage was retracted by #3 -0 

black silk which was tied to a tiny portion of its tip. The 

anterior descending and circumflex branches were isolated 

about 1/2 inch just beyond their origin from the left coronary 
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artery following incision of the epicardium. 

Elevated ligatures of cotton #25 with guidance of curved 

blunt probes were placed under each vessel. A segment of 

each vessel was lifted by 2 adjacent elevated ligatures set 

appart and a sterile vaselinized a.rneroid slipped around it, 

using a Lahey cystic duct clamp. After this was completed, 

all traction sutures were removed and the pericardium was 

closed by interrupted #5-0 black silk. Antibiotic powder of 

penicillin and streptomycin was sprinkled inside the 

left pleural cavity followed by graduai full expansion of the 

lobes of the left lung, which were put back in their anatomical 

place. The thoract>tomy incision was closed in layers by using 

interrupted #25 cotton pericostal suture to approximate the 

two adjacent ribs. Continuous #10 cotton was used for the 

different layers of muscle and interrupted #30 stainless steel 

wire for the skin. The lung was fully reinflated after the air 

in the left pleural cavity was withdrawn through a rubber 

catheter. The above procedure was carried out routinely 

in o rder to establish graduai coronary insufficiency b efore the 

revascularization procedures were performed, at the time of 

operation. Ail other series will be compared to this control 

series. 
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PLATE NO. 9. 

Photograph of the heart showing the an1eroids around 
the anterior descending and circumflex branches of the 
left coronary artery. Pericardium is reflected by 

means of stay sutures. 
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SERIES liA & TIB: IVALON SPONGE OPERATION: A NEW 

REV ASCULARIZATION PROCEDURE. 

All steps are the same as in the control series up to 

the completion of the insertion of the ;ameroid constri ctors. 

In Series IIA, the epicardium or visceral serous peri-

carditUn on the anterior surface of the left ventricle and a 

part of the adjacent right ventricle was removed mechanically 

by dissection and by scraping with a Beek burr, deep enough 

to remove subepicardial fat and to lay bare the myocardial 

tissue. Mode rate bleeding from scraped small blood vessels 

were encountered. A piece of ivalon sheet 1/16 in. thick 

sterilized by boiling for 30 minutes, was sutured by interrupted 

#5-0 black silk to the raw bleeding are a of the heart. The 

fibrous pericardiurn, including the adjacent parietal serous 
\ 

pericarditUn overlying the anterior surface of the left ventri cle, 

were removed mechanically and by sharp dissection, leaving 

alone the pericardial fat, containing branches of the peri-

cardiophrenic a r tery and its r e spective c ollate rals. T his 

pericardial fat containing blood vessels were then applied by 

a few sutures to the ivalon sponge, which acts as a sandwich 

meshw ork between the pericardial blood vessels and myocardium. 



- 92 

Finally, the rest of the fi brous pericardiwn were closed by 

interrupted sutures of #3-0 black silk. All residual blood 

in the left pleural cavity were removed and antibiotic 

powder sprayed inside. The ch est incision was closed in the 

same way as in the control series. 

In Series liB, the epicardiwn and subepicardial fat in 

the anterior and posterior surfaces of the left ventricle and 

adjacent part of the anterior surfaces of the right ventricle 

were removed mechanically by scraping with a Beek burr, 

until the myocardiwn was exposed. Also, moderate bleeding from 

scraped tiny epicardial blood vessels was encountered. In 

the process of scraping, care was taken not to injure 

mode rate sized blood ves sels. A bigger pie ce of sterile Ivalon 

sponge 1/16 inch. was sutured interruptedly around the 

entire left ventricle and part of the anterior surface of the 
' 

right ventricle. The fi brous pericardium including the adherent 

parietal serous pericardium, overlying the scraped area of 

the heart were removed mechanically and by sharp dissection, 

except the small residual posterior portion which was 

scarped by a Beek burr. The_ pericardial fat containing blood 

vessels was also sutured interruptedly to the ivalon sponge and the 
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PLATE NO. lO..,A 

Microphotograph showing ivalon sponge interpose between bare 
myocardium and pericardial fat pad containing blood vessels 
filled with dye. The ivalon sponge containB endothelial lined 
spaces filled with dye and red blood cells. The re are sorne 
hyalinized fi brous tissue. Myocardium has dilated spaces 
called sinusoids, but apparently, there is no visible dye in them. 
Specimen obtained from ivalon dog 24-441, which was sacrificed 
98 da ys after ope ration (x 10). 
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rest of the pericardiwn closed in the same manner. Any 

blood in the left pleural cavity was removed and antibiotic 

powder sprayed inside. The chest incision was closed in 

the same way as the control series. From our results, 

Series IIB was a better revascularization procedure than 

Series liA. 

It appears that in the hwnan being the fibrous 

pericardium and parietal serous pericardium could not be 

dis sected away from the pericardial fat containing blood 

vessels because they are too adherent. In this case, 

scraping with a Beek burr is the only solution. 

SERIES ill: INTERNAL MAMMARY ARTERY IMPLANTATION 

INTO THE LEFT VENTRlCU LAR MYOCARDIUM AND PARTIAL 

CONSTRlCTION OF CORONARY SINUS. {MODIFIED VINEBERG 

PROCEDURE}: 

The chest was opened through the fourth intercostal 

space following the control series procedure up to the com­

pletion of the application of the ameroid constrictor, in arder 

to produce coronary insufficiency. 

The operator then went to the other side of the operating 
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Myocardtol Ctrculatton 

c:orno~ vein 

"entrtculor 1urnen 

.·.A. modification of Vine berg 1 s Hyocardial circulation 
(209). 

PLATE NO. 10. 

Diagrarn showing the relationship of the Ivalon sponge 
to the anastomoses of netwerk of blood vessels in the 
pericardiurn to the myocardial blood vessels, sinusoids, 
capillary bed, coronary sinus and ventricular lumen. 
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table, facing towards the inner surface of the sternum, where 

the le!t internai matnmary was located. The subcostal muscle 

was partially excised and the parietal pleura incised along 

the course and surface of the internai matnmary artery, which 

was gradually freed from the chest wall. after transecting 

between black silk sutures #5-0, all intercostal branches 

from the subclavian artery down to the 6th interspace. 

The internai matnmary was handled meticulously so that 

no injury to the ves sel in the form of subadentitial hematoma, 

brtising and narrowing of the lumen from ligature of 

the intercostal branches. The internai marnrnary was trans­

ected between 2 #10 cotton ligatures distal to the 6th inter­

costal artery which was the biggest of the intercostal 

branches. The proximal ligature was made long be cause it 

would be used at a later stage in the procedure. 

The operator then went back to the previous side of 

the table and continued the operative procedure. The trans­

ected internai matnmary artery w as now pulled gently towards 

and applied over the left ventricle in various positions until 

the most favourable site w as found for implantation into the 

myocardium, with the satne tension possessed by the artery 

when it was anchored to the chest wall . An anterior stitch of 
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cotton #10 was placed towards the apex of the heart just 

distal to the proposed myocardial tunnel. A 4 mm. incision 
i 

of the epicardium was made proximal and closed to the 

anchoring stitch. This represented the lower end of the 

tunnel. A mosquito hemostatic forcep was introduced 

through the in ci sion to a depth of 1 cm. in the ventricular 

wail and the tunnel was extended 2. 5 cm. proximally and 

horizontally beyond the point of introduction. The hemostat was 

directed along the projected ideal line of tunneling and it was 

spread a few times, in order to make a patent tunnel and 

open up the epicardial opening weil on the surface of the 

heart. The ligature at the end of the internai mam.mary was 

then drawn through the tunnel by means of a mosquito hemostatic 

forcep. However, before the artery was drawn into the tunnel, 

the ligated 6th intercostal artery and 2 or 3 more branches 

were eut close to their origin, so that blood escaped freely 

from their opening into the tunnel. No scalloping of the 

internal.mammary artery was done. Care was taken to prevent 

angulation, kinking or torsion of the implanted artery. The 

cotton ligature on the end of the artery was then tied to 

the anchoring apical suture, securing a normal tension for 

the implanted artery. Bleeding from the opening of the tunnel 
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if any, was controlled by light application of a gauze sponge 

:for a few minutes. 

By slight elevation and rotation of the heart, the 

coronary sinus was seen as a dilated thin venous structure 

emptying into the right auricle. A circumferential #2-0 black 

silk suture was pas sed around the sinus by reversing the 

needle through an arch corresponding to the curvature of 

the needle. The suture is tied over a 3 mm. Beek probe, so that 

appropri~te partialligation of the lumen was maintained. 

The coronary sinus partial ligation could be pe rformed prior to 

the implantation of the internai mammary artery. Finally, 

the prepericardial fat pads were applied over the de-epi­

cardialized myocardium and the edges of the fat pads were 

joined to the edges of the fibrous pericardium, in its closure 

by interrupted silk sutures. Antibiotic powder was sprayed 

inside the left pleural cavity after extravasated blood was 

withdrawn. The chàst incision was closed in anatomical 

layers as in the control series. 

This was a modified Vineberg procedure because of the 

following: (1) The leit internai mammary artery was dissected 

from the chest wall, not only from the 4th to 6th intercostal 
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spaces, but also from the subclavian artery down to the 6th 

inters pace. (2) No scalloping of the implanted interna! mammary 

artery which was done in other procedures. (3) There was a 

lesser chance of kinking of the artery in any position the 

heart may assume postoperatively. (4) There was a stronger 

pressure in the interna! mammary artery and more free flow 

of blood inside the tunnel after it was dis sected from the 

subcla-..d.an artery down the 6th intercostal space. This was 

also contributed to the prevention of thrombo sis of the 

implanted artery. (5) The coronary sinus was partial! y 

ligated to 3 mm. size, which was not perforrned in the 

original Vine berg procedure. 

From the survival results and X-ray studies, it appeared 

that this procedure will be the procedure of choice in the future. 

SERIES IV: BECK I OPERATION. 

The pericardium was opened posterior to the phrenic nerve 

in an extension of 8-9 cm., a transverse incision is then made 

from the midportion of the latter incision and carried towards 

the root of the lung. Two sutures of #2-0 silk were applied to 

the corners of the pericardial flaps for retraction. Am.ero_id 

constrictors were applied in the same manner as the control 
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series. 

The heart is retracted medially with the left hand so 

asto visualize the coronary sinus,which was a bluish thin vessel 

emptying into the right auricle. A circumferential suture of 

#2-0 black silk on an atraumatic needle was applied carefully 

in reversed fashion and then withdrawn through an arc 

corresponding to the curve of the needle. The ligature was 

tied over a 3 mm. Beek probe which was placed along the 

wall of the vesse! to facilitate proper reduction of the lumen. 

The probe was slipped out of the ligature after tying. Bath the 

anterior and posterior surfaces of the left ventricle were 

abraded gent! y with a Beek burr, avoiding injury to coronary 

vessels. The parietal pericardium over the corresponding 

area of the heart was also abraded in the sarneway. Moderate 

amounts of asbestos powder about O. 3 grams, were sprayed or 

spread over the abraded surface of the heart. The dissected 

pre-pericardial fat pads were applied directly over the 

abraded surface of the heart and thensutured to the edges of 

the pericardial flaps then close d with interrupted silk sutures 

#3 -0. The chest incision was closed in anastomical layers, as 

in the control series, following full expansi on of the left lung. 
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SERIES V. CARDIO-PERICARDIOPEXY (THOMPSON, RAISBECK 

PROCEDURE). 

The chest was opened in the left 5th interspace and 

ameroid constrictors applied in the same way as the control 

series. The pericardium was opened anterior and parallel to the 

left phrenic nerve. About 0. 5 grams of sterile talcum powder 

(magnesium silicate U. S. P) w as spread widely over the 

ante r ior and posterior surfaces of the heart. The pericardium 

was closed by interrupted suture of #3-0 black silk. The 

chest w all incision was closed in anatomical layers without 

drain age as in the control series. 

SERIES VI: CAR.DIO-PERICARDIOPEXY BY APPLICATION OF 

5% SODIUM SALICYLATE. A NEW PROCEDURE FOR MYOCARDIAL 

REVASCULARIZATION: 

The left sidé of the chest w as opened through the 5th 

interspace and ameroid constri ctors were applied in the 

same manner to p r oduce graduai cor onary i n s ufficienc y. 

In this procedure, instead of using sterileasbe stos and talcum, 

we have tried experimentally sterile 5% sodium salicylate. 

The s olution was a pplied dire ctly in s evera! l a ye rs t o t h e 
1 

anteri or and posterior surfaces of the heart w ith right and 

left v entricle by use of a medicine dropper o r by gauze s ponge . 

--- _ ______ _ _ ______ _ _ ______________ __J 
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After application of the solution, it appeared that the epicardium 

of the he art be came whiti sh and dull and the condition of the 

blood vessels showed no change. The pericardial flaps were 

then closed by interrupted sutures of #3-0 black silk. The 

chest wall incision was again closed in anatomical layers 

without drainage as in the control series. 

SERIES VII: ARTERIALIZATION OF THE CORONARY SINUS BY 

ANASTOMOSES OF LEFT INFERIOR PU LMONAR Y VEIN: A NEW 

MYOCARDIAL REY ASCU LARIZATION PROCEDURE. 

Alneroid constrictors were applied as in the control 

series. The pericardium was opened longitudinally, posterior 

and parallel to the left phrenic nerve from the base of the 

heart down to the apex. A transverse incision was then made 

from the midportion of the latter incision and carried to the 

root of the left lung. Two sutures of #2-0 silk were applied 

to the corners of the pericardial flaps for retraction. The 

coronary sinus was identified inthe auriculoventricular groove 

before it emptied into the right atrium. The site of anastomoses 

was determined and then isolated. A #2-0 silk suture on an 

atraumatic curved needle was passed complete ly around the 

sinus about 1/2 cm. from its terminus. Great care was taken 

that the needle did not puncture the sinus. This suture was used 

later in the procedure. 
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Two #5-0 arterial silk sutures wedged upon atraurnatic 

needles were passed longitudinally into the most prominent aspect 

of the sinus wall. The bites were about 3 mm. long parallel 

to and about 3 mm. apart from each other and acted as stay 

sutures. The inferior pulrnonary ~ein of the left lower lobe 
' 

was identified and isolated up toits terminus in the left 

auric le. The vein was tried for alignment severa! times to the 

coronary sinus site of anastomoses, so that when anastomoses 

was done, no tension on the suture line occurred. Having satisfied 

this criteria, the left inferior pulrnonary vein was ligated close 

to its terminus by me ans of black silk #2 -0. The vein was 

transected between the tied ligature and a bulldog clamp 

about 1 cm. apart, for cuff allowance needed for the anastomoses. 

A segment of the coronary sinus was exteriorized within the 

j aws of a special curved sinus clamp as shown in Plate No. 11. 

A No. 11 Bard Parker bistoury scalpel was used to make a 

longitudinal slit between the stay sutures. The size of the 

slit depended upon the size of the inferior pulrnonary vein, 

usually 4 -5 mm. The sinus lumen was flushed with solution 

of heparin. A 36 inch. #5-0 silk suture with atraumatic curve 

needle at each end was used to attach the end of the pulrnonary vein 

to the inferior extremity of the incision in the sinus. The suture 

was tied so that both ends are of e qual length. One end of the 
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PLATE NO. Il. 

Photograph show s a No. Il Bard Parker bistoury 

scalpel made a longitudinal slit in the coronary 

sinus isolated by a special curved sinus clamp. 

Incision is spread by stay sutures and will be the 

site of anastomoses. 
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suture was used to perform the anastomosis of the anterior lip 

of the incision using a continuous running suture. The neè.dle 

at each bite passed from the adventitial side of the vein about 1 

and 1/2 mm. apart. When the suture line reached the stay 

sutures, the latter were removed. Each stitch was individually 

picked up and tightened after suture line was finished. The 

suture line on the other side of the vein was similarly applied 

and the free end was tightened and then tied to the end of the 

initial suture. The sinus clamp was removed after completion 

of ana;tomoses; permitting oxygenated blood to flow into the 

coronary sinus down to the left auricle. The suture line 

was inspected for leaks and additional stitches applied, if 

necessary. Finally, the coronary sinus distal to the 

anastomoses was tied over a 3 mm. Beek probe placed along 

the sinus wall to facilitate proper reduction of the lumen. 

The probe was slipped out of the ligature after tying. After 

this was done the coronary sinus blood down the cardiac vein 

became pink and their walls moderately distended. There was 

no change in the heart rate and heart contraction. The completed 

inferior pulmonary vein and coronary sinus appears in Fig. 12. 

The pericardium was sutured by interrupted silk sutures giving 

enough room for passage of anastomoses. The lung was put 
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PLATE NO. 12. 

Photograph shows the completed anastomoses between 
the coronary sinus and le ft inferior pulmonary vein. 
The coronary sinus is ligated to 3 mm. in luminal 
diameter by black silk #3. 
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back in its anatomical place and then carefully inflated. 

The chest wall was closed in layers in the same way as the 

control series. 

D. GARE OF THE POSTOPERATIVE ANIMAL. 

The dogs were carefully watched after completion 

of the surgical procedures. They remained aided with the 

Jefferson respirator until they recovered from anesthesia. 

As saon as they could breathe on their own, the endotracheal 

tube was removed and the dogs were carefully watched for 

possible respiratory or cardiac arrest. After they had 

passed from these dangers, they were brought to their 

individual cages and followed postoperatively for 4-7 days. 

Finally, they were sent to the farm for boarding until they 
1 

died or brought back for sacrifice. 

E. POSTMORTEM EXAMINATION 

1. Gross examination of dead dogs: Wi thin twelve hours 

after death of each dog, a routine gross auto~sy was performed. 

Any dog dying of chest wall infection, empyema, pneumonia, 

pleural effusi on, distem per and ethe r i ntercurrent dog d iseases 

not related to the operations, were discarded from the series. 

The dogs that died of myocardial ischemia, infarction, 

congestive failure and the like, their hearts were removed en masse 
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with extravascular supply intact as per operation performed. 

The specimen was then refrigerated in physiological saline 

solution for relaxation of muscular specimen. 

2. Gross examination of hearts: Hearts were examined 

for adherent pieces of lung, pericardial inflammation and peri­

cardial blood vessels which were not disturbed before injection 

were done. Any noticable infarction, myocardial softening, 

thinning, rupture or necrosis were recorded with regards to 

their specifie locations. 

After injection and X-ray studies were performed, the 

hearts were placed in jars containing 10% formalin and 

physiological saline solution for 48-72 hours . Then , they 

were sectioned for verification of infarctions, necrosis and 

rupture, especially with regards to location and muscle bundle 

involvement. They were also sectioned for more X-ray studies 

with regards to pre sence of dyes in the arterioluminal vessels 

and their extension to the heart's lumen. Lastly, they are 

sectioned in order to secure specimen for microscopie studies. 

The he arts were sectioned in three different ways: (a ) Trans­

versely -from base of heart down to apex in 1/2 cm. thickness. 

(b) Sagital sections - from the l eft side of the heart up to the 

right s ide of the .h eart. This is a perpendicular vertical s ection 
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of ventricular wall of 1/2 cm. thickness. All of these seriai 

sections were laid down in order for X-ray pictures. 

F. MICROSCOPIC EXAMINATION. 

Segments of anterior descending and circumflex branches 

of the left coronary artery with ameroid constrictors were 

obtained for sections, proximal, at mid portion and distal 

portion to ameroid, to determine amount of narrowing of lumen 

and micrpscopic reasons for narrowing. Segments of im­

planted internai mammary artery and inferior pulmonary 

vein coronary sinus anastomosis were also obtained for 

determination of patency, narrowing of lumen at different 

levels, proximal, middle and distal portions with microscopie 

findings to substantiate the narrowing were recorded. 

q. .. IN'JECTION STUDIES. 

With the use of the new Schlesinger mass of intact 

and isolated hearts. 

This will be discussed separately in Chapter IX. 

H. TABULATION OF RESULTS. 

Ail results were r e corded and tabulated carefully 

on big graphing paper with regards to the following: dog number, 

sex, weight, date of operation, date of death, date of sacrifice, 
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number of days of survival, gross postmortem findings, position 

of septal artery, extent of occlusion of coronary arteries with 

ameroids, of implanted internai mammary artery, of inferior 

pulmonary vein coronary sinus anastomoses, X-ray findings 

with regards to anastomoses, arterioluminal blood ves sels 

in myocardial wall, microscopie findings and remarks. AU 

these will be discussed in detail in Chapter X, entitled 

Summary of Protocol. 
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PLATE NO. 13.· 

The coronary system of the dog 1s heart injected 

spread out and radiographed according to the 

Schlesinger method. 
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CHAPTER IX. 

INJECTION OF NEW SCHLESINGER MASS AND X-RAY STUDIES. 

A. Materials and Composition: 

The new Schlesinger mass consists of a mixture of 

ge latin, potassium iodide and barium sulfate. It was 
\ 

apparently prepared by Dr. Monroe Schlesinger, immediately 

before he died in 1957. The injection of this barium mixture 

could be carried out at room temperature, thus avoiding 

the unnecessary apparatus and water bath required with 

lead agar and other mixtures, which solidify at room 

temperature. It satisfies the criteria of being uninjurious to 

tissues, of having sufficient radio-opacity and of penetrating with 

smaller arterioles. Its viscosity is nearer to that of blood 

than the viscosity of other mixtures. The comparison of 

vi scosity as compared to blood are as follows: barium mixture 

to blood is 1. 5 to 1; lead agar (at 45't) to blood is 3 tl; and 

barium gelatin to blood is 18 tl. This new mixture lends 

itself easily to the addition of water soluble dyes. Its vis-

cosity could be determined by means of viscosity conversion 

concentration, where in you prepare certain mixtures at a 

definite time of solidification, to suit the length of the injection 

studies. 
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B. Apparatus . 

The injection apparatus consists of a source of pressure, 

in this case, compressed air from a side wall outlet, with a 

constant pressure reservoir, a needle valve, a manometer and 

feeding botties joined to each other by flexible tubing. The 

connections must be airtight. The needle valve and large 

U -shaped mercury manometer ,constructed by the author 

of this thesis, are inserted in the line between the source 

of pressure and the feeding botties. The needle valve acts 

as as a bleeder to reduce the pressure of the source to that 

desired in the vessels. The constructed injection apparatus appears 

in Plate No. 15. 

C. Preparation of Specimen. 

Metal cannulas with plunged mouths of suitable diameter 

are tied into the desired vessels which are gently flushed with 

a few ces. of saline to free them of air and to identify leaks 

so that they may be stopped. The injection could be performed 

with hearts still intact in the chest cavity or in isolated hearts 

suspended on a stand so as to allow free access to ail surfaces. 

D. Technique. 

With the apparatus as semb1ed and specimens ready for 

injection, proceed as follows: 
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PLATE NO. 14. 

Photograph showing the new Schlesinger mass, 
consisting of gelatin KI, barium mixture , with 
different color dyes and equipment for injection. 
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PLATE NO. 15. 

Photograph shows the new injection apparatus, 
consisting of a needle valve, U -shaped mercury 
manometer, two feeding bottle s, flexible tubing and 
an iron stand where heart i s suspended freely. 
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1. Shake the gelatin KI bariwn mixture mass of desired quantity 

predetermined to distribute the barium sulfate evenly; avoid 

bubbles. 

2. Pour the mas s inside the feeding botties and add the 

specifie amount of dye solution. Mix the t w o solutions well. 

3. Add formalin in the concentration previously determined. 

Shake container w ell while adding formalin; avoid bubbles. 

4. Begin injection immediately after the addition of fo~malin. 

Injection is began at a pressure well below that eventually 

desired in order to determine troublesome leaks not prev.iously 

discovered. If there is no leak, the pressure is the n raised 

to 140-170 mm. of mercury. Injection is completed usually 

within 10-20 minutes or as soon as the re is no further flow 

as indicated by a stable leve! of the mass in the feeding botties. 

The cannulas and tubing are then clamped until solidification 

has taken place. The injection apparat us i s dis as sembled 

immediately after the cannulas and tubing have been clamped ; 

at this time, the mass is still fluid enough to a llow easy 

cleaning of the feeding botties and of the a t tache d tubing. X ­

ray pictures of the specimen are taken afte r solidification of 

the injection mass. Different colors could be used to determi ne 

r egion of anastomosis andidentify respective blood ve s sels. 
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Finally, 10% formalin and physiological normal saline solution, 

are used to .fi;x: the hearts in for 48-72 hours, prior to sectioning. 

E. Injection of Intact Heart Through the Left Subclavian Artery 

and Aorta: New Technical Procedure. 

This injection method was primarily utilized in arder 

to evaluate the efficiacy of various revascularizations in 

augmenting coronary circulation via its extracardiac collaterals. 

This was performed mainly in dogs that survived ameroid 

constrictors through various revascularization and a few 

normal dogs. The dogs were anesthetized with the usual 

dosage of nembutal. The le~t side of the chest and upper ab­

domen were shaved and the dogs placed on the operating table. 

The legs were strapped to the 4 posts of each corner of the 

table. 

The left chest was opened through the 4th intercostal 

space, one space above the previous incision in arder to avoid 

postoperative adhesions especially adherent lung to the chest 

wall. During the procedure, the dog was allowed to breathe 

by itself and in view of an open thoractomy, it gradually died, 

usually in a period of one to one and a half hours, While the 

dog was still alive, the left subclavian was cannulated with 

a metal cannula distal toits take off from the aorta. However, 



118 

the brachial, thyrocervical and vertebral arteries were ligated, 

leaving the internai maxnmary and costocervical arteries and 

their respective branches intact. 

.Anothe r metal cannula was placed into the aorta through 

the proximal stump of the subclavian artery. The descending 

thoracic aorta above the diaph~am was ligated with umbilical 

tape and a plastic cardiac cannula was pas sed into the left 

ventricular cavity via the left common carotid in retrograde to 

serve as an outlet for extra ventricular pressure. The 

cannula was tied above the origin of the coronary 

arterie s, by umbilical tape at the arch of the aorta between 

the left common carotid and innominate arteries. The arch of 

the aorta was also tied just distal to the take off of the left 

common carotid artery. The metal cannulas and plastic 

cardiac cannula were flushed with physiological normal 

saline solution, containing heparin to prevent clotting of blood. 

The bari um mixture was th en inj ected by me ans of the 

injection apparatus first through the subclavian cannula 

immediately after the dog died while its blood had not yet 

c oagulated. The injection lasted for 20 minutes at 140 -1 70 

mm.Hg. pressure. 
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hnmediately left lateral chest X-ray was taken to visualize 

the internai mammary arteries and its branches especially the 

pericardiophrenic and other <:Oltd.terals that went to the heart. 

The second injection was through the aorta in order 

to visualize the intercostal, bronchial, esophageal, medistinal, 

pericardial, subcostal and superior phrenic arteries which 

aU parti ci pate in the subpleural plexus, and extra cardiac 

c oUater al anastomoses. Another left lateral chest X-ray 

was again taken. Any radio-opaque material that had gone to 

the heart to fil! up the coronary arteries and ventricular 

cavities must have come from the extra cardiac collateral 

blood vessels. After the X-rays were taken and the barium 

mixture had solidified, the heart was removed for more 

examination, further injections and X-rays of the coronary 

arteries and implanted internai mammary artery or inferior 

pulmonary vein-coronary sinus anastomoses, as the case may 

be. 

F. Injection of Isolated Heart. 

The hearts that were .sqbjected to this injection, are 

all postmortem hearts, except tho se who se coeonary arteries 

were filled up during the injection of intact he arts. All 

frozen he arts were defrosted and allowed to return to room 
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temperature, usually 37-38 degrees, before bariwn mixture 

injections were carried out. If the heart underwent internai 

mammary procedure, then the extra cardiac portion of that 

artery was cannulated first and then subjected to injection 

via the injection apparatus. The implanted artery on X-ray 

was examined for patency, branching and anastomoses with 

the branches of both coronary arteries. This was followed 

by the cannulization of the right coronary and left coronary 

arteries, proximal or distal to the ameroids, as the case 

may be. If the heart underwent inferior pulmonary vein-

coeonary sinus anastomoses, the inferior pulmonary vein 

was first cannulated and injected , folloo.ed by the coronary 

arterie s. For the othe r revascul arization procedures, only 

the coronary arteries were cannulated and injected proximal 

or distal to the ameroid constrictors. X-ray pictures 

are taken after each blood ves sel has undergone injection 

with the bariurn mixture: The injection usually lasting 

10 minutes, while the heart was suspended on a stand of the 

injec tion apparatus. Various colors of dyes were used for 

each blood vesse! injected. "'Finally, the hearts were spread 

out by the Schlesinge r method and X-rays were taken to show 
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homocoronary and intercoronary anastomoses. 

After ali of this was done, the hearts were reconstruc-

ted to their normal shape by interrupted cotton sutures. They 

were placed for 48-72 hours in a jar contining 10% formalin 

with physiological normal saline solution for preservation. 

G. Sectioning or Slicing of the Hearts. 

Preserved hearts were sectioned in 3 different ways: 

1. Transverse or horizontal sections from base of the 

he art down to the apex in 1/2 cm. thickness. This was especially 

good in locating infarctions in the different muscle bundles of 

the heart. 

2. Sag;ital br pe rpendic ular sections from the le ft si de 

of the heart up to the right side of theheart in 1/2 cm. thickness. 

3. Corona! right angle vertical section of ventricular walls 

in 1/2 cm. thickness. 

Ali the se se rial sections were laid down in order on 

a piece of paper for X-ray pictures and at times for colored 

photography. The pur pose of the sectioning or slicing of the 

heart was fourfold: {1) To locate the infarcted area in the 

different muscle bundles. {2) To determine the number of 

arterioluminal vessels in the different slices, taking note of 

the number that went into the lumen. 
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(3) To determine if the dye had entered the ventricular lwnen. 

(4) Lastly, the heart was sectioned in order to obtain specimens 

for microscopie studies. 
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PLATE NO. 16. 

Photograph showing the heart sliced transversely in 
1/2 cm. thickness, spread out serially to show location 
of injected dye and myocardial infarction with regards 
to muscle bundles. 
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PLATE NO. 17. 

Photo gr a ph showing the heart sliced sagitally in 1/2 
thickness, spread out se ri ally to show the location of 
the injected dyes and myocardial infarction with 

regards to the ventricular wall. 
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CHAPTER X. 

SUMMAR Y OF PROTOCOL 

SERIES I: OPERATION FOR CONTROL WITH AMEROIDS. 

General Summary and Results: 

1. NtUnber ofdogs- 16 
2. Sex: male 12; fe male 4. 
3. Weight: between 38-52 lbs. 
4. Mortality: 12 dogs. Percentage: 75o/o 

Average survival in days of mortality dogs: 19 days. 
5. Survival: 4 dogs Percentage: 25% 

Average survival in da ys of sacrificed dogs: 171 da ys. 
6. Position of septal artery: Percentage: 

a} from anterior descending branch: 12 75% 
b} from circtUnflex branch: 2 12. 5% 
c} from main left coronary artery: 2 12. 5% 

7. Injection of coronary arteries: 
a} proximal to ame roids: 5 
b} distal to ameroids: 10 
c) from extracardiac injections: 0 
d} cannula in ventricular cavity: 0 No cannula: 15 

8. Extent of coronary artery occlusions: 
a) ave rage percentage for ante ri or descending branch: 8 7. 5% 
b} average percentage for circtUnflex branch: 84% 
c) combined average percentage: 85.9% 

9. Coronary anastomoses: 
a) Intracardiac anastomoses: 

1. Average for surviving dogs: homocoronary *** 
intercoronary ** 

2. Average for mortality dogs: homocoronary 1.27 times* 
intercoronary 0. 45 times * 

3. Overall average: homocoronary 1. 66 times* 
intercoronary 0.86 times* 

b} Extracardiac anastomoses: None 
10. Arterioluminal vessels: 

a) Average ntUnber: 11 vessels 
b} Average ntUnber of vessels communicating with ltUnen of 

heart: 1 
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11. Presence of dye in intramyocardial vessels: 
a) Nwnber of hearts with dye : 9 
b) Nwnber of hearts without dye.: 7 
c) Surviving dogs: all hearts had dye in the intramyocardial 

vessels. 
d} Mortjality dogs: 5 out of 12 had dye in intramyocardial 

vessels. 

12. Section or slicing of hearts: 
a) transverse or horizontal sections: 7 
b} sagitial or vertical section: 1 
c) coronal, right angle to lwnen: 3 
d} no section s of heart: 4 

13. Location of infarction: 
a) ante rior wall: 4 
b) posterior w all: 4 
c) Postero- lateral w all: 3 
d} No niyocar d i a1 infarction : 4 
e) all mortality dogs had myocardial infar ct ion 
f) all surviving dogs had no myocardial infarction. 

14. Microscopie findings: 
a ) endocardial portion: 8 
b) Middle and endocardial p o rtions: 3 
c) e pi cardial and endocardial portions: 1 
d) no myocardial fibrosis: 4 
e) all mortality dogs had myocardial fibrosis. 
f) all surviving dogs had normal myocardi um. 

Indiv idual Su,rnmary 

Dog 1-378: This was a male, 40 lbs. , mongrel dog, which 

was operat e d on July 28, 1958 and died on the f a rm September 

1, 19 58. It survi ved the operation and liv e d 3 4 da ys . Tw elve 

hours after death, postmortem e xarnination showed the left 
1 

lung was a dhe rent to the s urface of the heart, p re s ence of 

ant erior wall infar ction of the left vent r i cle and the septal 
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artery ar ose from the AD a"I"tery. Corona·ry artery occlu­

sions . sho\-red AD-95%, C-80%, combined occlusion-87~ 5%, 

which were due to intimai proliferation and thrombus 

formation. Extensivemyocardial fibrosis in the inner 

113:. of the myoca~dium wa;.s . pres.ent •. There was: no dye, in 

the intramyocardial blood. vess~els. No X-ray was. obtained. 

Dog 3~8: A 40 lb. male, mongrel dog, lived 13 

<à~s was_ operated on 8-4-58 and died on 8-17-58. Pos,t 

mortem exa.mina.tion showed anterior wall infarction of 

the L. V. and the s-epta:J. a~rtery ar.os.e from the AD art­

ery. The coronary arteries wera injected with dye: dis.ta~ 

to the ameroid~, without ventricular cannula~ showed ** 
homocoronary, * inter:coronary anastomoses,, Coronary a:rt­

ery occlusions whowed AD-98%, C-75%and combined occlusion 

86.5%which were~ due to intimai proliferation and throm­

bus formation. Transvers.e or horizonta~ sections~ of the 

heaTt wer.e·- performed •. Hicroscopic sections revealed fi­

bresis in the middle and inner thirds of the myocaxdium. 

There was no dye · in the intramyocardiaJ. blood vessels 

and none in the heart's lumen. Coronary arteries bad some 

intimaJ. prolifera.tion and their lumen filled wi th dye •. 

There . were 10 arterioluminaJ. vess:els . and only one: smalJi 

twig communicated with the lumen of the heart. 

Dog 4-380:. A.40 lb. ma-le mongrel dog, lived 10 

days was . opera.ted on 8-6-58 and died on 8-16-58. Pos.:t. 

mortem exa.mina.tion showed anterior wall infarction of 

the L .. .V .. and the septal artery arose~ from the circum­

f1ex artery •. The.coronary arteries were injected with 
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PLATE NO. 18. 

Photograph shows section of anterior descending branch 
of le ft coronary artery in the mid portion of a,n1e roid 
constrictor of Dog 3-408. The occlusion is due to 
intimai pro li fe ration and thrombus formation. (x9 0}. 
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dye distal to the ameroids,without ventricular cannula 

shovr.ed ** homocoronary, *- intercoronary anas-tomoses,I2' 

arter-iolumina:l vess.els, 2:: of which communicated wi th the 

lumen of the heart. Coronary a-rtery occlusions; showed 

AD-95%, C-70% and combined occiUsion-82. 5%, were due: 

to: intima,l . proliferation and thrombus formation •. Trans~ 

versa sections · of the heart were:: done• Microscopie .. exam­

ination re:vealed extensive fibrosis in the middle and 

inner thirds . of the: myocardium. Superf'icial: coronary 

a--rteries>: had sorne intimai. proliferation and their lumen 

contad.ned dye. 

Dog 5-244: A. 38 lb. female mongreldog, lived 3.3 

da;ys .wa.:s operated on 8-6-58 and died on 9-9-58. Pos:t­

mortem examination showed posterior wll infarction of 

the. L.V. and the se.ptal .artery arose from the AD artery. 

The coronary arteries were.' inj ected wi th dye proximal-_ to 

the ameroids, without ventricular cannula: showed ** homo­

corona.ry and 0 intercoronary anastomoses. Coronary artery 

occlusion showed AD-85%, C-95% and combined occlusions~ 

90%, which were due to intimal proliferation and throm­

bus formation. Microscopie~ findings revea'l.ed fibrosis 

in the inner 1/4 of the myocardium. Sorne dye was found 

in the intramyocardial· blood vess.els, but none went into 

the lumen of the heart. Superficial coronary arterie~ 

bad intimai proliferation and their· lumen wera: filled 

with dye •. 
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PLATE NO. 19. 

Photograph showing section of ci rcurnflex branch 
of left coronary artery in the distal portion of the 
ameroid constri ctor of dog 4L380. Arterial 
occlusion is due to intimal proliferation and throm ­
bus formation. (x 40 ). 
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PLATE NO. 20. 

Photograph showing heart of dog 4-380, injected with 
the new Schlesinger mass, distal to ameroids. Note 
the presence of a few homocoronary and intercoronary 
anastomoses. 
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Dog 6.:.405: A. lt() lb. male mongrel dog, li ved: 6 days 

wa:s operated on 8-7:-58 and died on 8-13~58. Postmortem 

examina-tien showed postero-la:teraJ:, infaTction of tha· 

L .. V •. and the s.eptal artery came from the circumflex. 

artery •.. The coronary arteries: were. injected with dye 

proximal to the ameroids, w1 thout ventriculaT ca:nnula, 

show.ed 0 : homocoronary and 0 intercoronaTy ana.stomoses-. 

Coronary artery occlusions: shovred AD-75%, C-80% and 

combined occlUsions ... 77.5%, which were' due to intimai. 

p;rolifeDation and thrombus formation. Microscopie. find­

ings ravealed patches of fibrosis in the inner 1/2 of 

the myocardium •. There was no dye in the intramyocar­

dial blillod vessels and none. wa'S aeen in the ventricu­

lar lumen. Superficial corona.ry arterie.g_; had very little 

intimal proliferation •. 

Dog ll.H--308: A. 50. lb. male,mongrel dog, lived 195 

days wa·s operated on 8-21-58 and sacrific-.ed on 3-4-59. 

Postmortem examination sho·ued no visible gross: infarc­

tion of the-~ L. V .. and the septal artery arose from the 

AD artery. The coronary arteries were. injected with 

dye, dista-:J. to theameroids, without ventricular can­

nula, showed *** homocoronary, ** intercoronary anasto­

moses; 5 :arterioluminal vessels, none communica-ted with 

the heart 1 s lumen. Coronary artery occlusions. were: AD-

95%, C-80% and combined occlusion-87. 5%, which w.ere 

due to intima·l proliferation and thrombus formation. 
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The heart wa:s sliced transversely 1/2' cm • . in thic:kness:. 

Microscopie examination revealed normal appearance of 

the myocardium, presence of dye in the intramyocardial 

blood vessels, but none in the heart's lumen.There were 

planty of blood vessels betw.een the pericardium and ep.i­

cardium •. 

Dog 28-413: A. 4o, lb. female, mongrel dog, lived 

167 days was operated on 9-18-58 and sacrificed on 3-lf.-

59• Postmortem examination showed no visible gross in­

farc:tion and the· septaJ. artery arose from the AD artery. 

The: coronary arteries "!,vere injected wi th dye dista:l to 

the ameroids, wi thou t ven tr icular cannula showed ** homo­

coronary,** intercoronary anastomoses, 10 arteriolumina:l 

vessels, but none communicatedd with the heart's lumen. 

Coronary artery occlusions showed .AD-80%, C-ZO% and com­

bined occlusion--75%, which were due to intimal prolifer­

a-tion and thrombus formation.The heart was sliced trans­

versely and the microscopie. s.ections. revealed the myocaD.'­

dium normal, s.ome dye in the intramyocardial blood vessels:.,. 

but none went into the lumen of the heart. 

Do:g 30-381: A. 38 lb. female, mongrel dog, lived. 16 

days . vra~s · operated on 9-22-58 and died on 10-6-58 •. Pos't.­

mortem examina.tion show.ed anterior wa~l infarction of the 

L. V ... and the s.eptal artery arose from the main le ft coro.­

nary artery. The coronary arteries wer.e injected with dye 

distaJ. to the ameroids, without ventricular cannula:.. showed 
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* homocoronary, 0 intercoronary anastomoses, 9 arterio­

luminall vess:els, one of which communicated ,.n_ th the lu­

men of the heart·. Coronary artery a:cclusions were AD­

lOO:%, C-95% and combined occlusion-97.-5%, which \ier.e 

due: to intima;]. proliferation and t.lu'ombus : formation. 'Fhe 

heart was sliced transversely and microscopie: s.ec.tions: 

re-vealeds..trips ~ of fibrosis -in the e:ndocar:dial portion 

of the myocardium • . Dye' was found in the intramyoca:dialL 

vess:els•· 

Dog 3~~31I: A. J8 lb •. male,. mongrel. dog,_ l:tved~ 161 

days; wa·s ; operated on 9-2-58 and sa:crific.ed on 3-4-59. 

Poat -mortem examina.tion showed no visible myocardial in­

farction and the · se:p.tal artery ar.os.e from the AD a:rtery .. 

The coronary aTterie:s. wer.e injected wi th dya, distal to 

the ameroids, wi thout ventricular cannula, showed *** 
homocoronary, ** intercoronary anastomoses, 8 a-rterio­

luminal. . ves:sels' one of which communicated wi th the heart 1 s: 

lumen. Coronary aTtery occlusions , showed AD-70%,. C-85% and 

combined occ-lusion-77 • . 5%, which we:v.e: due to intimal . proli­

feration and thrombus formation. The heart wa's sliced tran­

s_versely and microscopie setions. re-vealed normal myoca:rrdium, 

wi th some dye in the intramyocardial . bJ.!ood vessels .• 

Dog 1-303: A. 44:-lb. female, mongrel. dog, . lived. 2B 

da-ys, wa;s opera,.ted on 10-20-58 and died on 11-18-58 •. Post.;. 

mortem examination show.ed posterior ·wall infarc.tion of 
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the L.V. and the septal aTtery arosa from the AD artery. 

The coronary arteries were injected vrlth dye proximal. 

to the ameroids, without ventricular cannula, showed 0 

homocoronary and 0 intercorona:ry ana:.stomose-s. Coronaœy 

a:rtery occlusions.: showed AD-90%, C-955$ and combined 

ocal.usion-92•.5%, which were due to intima::t. prolifera­

tion and thrombus formation.- Microscopie examina,.tion 

reveaJ.ed fibrosis in pa;.tches; of the middl.e and inner 

portions·_ of the myocaxdium • . There wa·s no dye in the in­

tramyocardial. blood veseJ:s•· 

Dog ~387: A 44-lb., ma~e, mongrel dog, lived 30 

da--ys : was·. opera·ted on 10-30--58 and died on 11-20-58 .. Post 

mortem e3œJII.in.a:tion revealed a:nterior waJ..I_ infarc.tion of 

the L.V. and the se:ptal axtery a:rose from the~ AD ar_tery .. 

The coronary axteries .were injec:.ted with dye, proximal _ 

to the ameroids;- wi thout ventricula:r cannula., showed ** 
homocoronary and * intercorona:ry anastomoses. Coronary 

axtery occlusions showed .AD-95%,: C-85% and combined occlus_,_ 

ion-90%, which were due tointima-J. proliferation~~ and 

thrombus formation. Hicroscopic sections -showed pa.tches: 

of fibrosis in the epi~dia:l and endocardia]_portions: 

of the myocardium. There -w.a::s no dye in the intramyoca:u.di­

ai:_ bl.ood vessels .. and none entered in the heart•s . lumen. 

Bètw.een the epicardium and per_icardium, there were round 

ce11:. and fibrous tissue reactions. 

Dog 3,;_ 430: A. 46 lb • . mal e , mongr ei'. dog , lived . 2:5 

days '\-la'S opera:ted on 11-26-58 and died on 12~2l~58. 
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Postmortem examina,tion show.ed pos.terior wall infarction 

and the s.eptal artery aTose from the AD artery. The: coro­

na;z-y arterie:s . were injected with dye- proxima·l to the ame­

raids,. without v entricular. cannula, showed ** homo.coro­

nary, <) intercoronary anastomoses,-: 9· arteriolumina]. vas ....... 

sels,~ one of which communica~ted wi th the heart' s lumen .. 

Coronary aTtery occlUsions sbowed: AD-80%, C-100% and 

combined occlusion-90%, which \"lere due to intima.:l pro-. 

liferation and thrombus formation •. The heart was. sliced: 

transver.sely and microscopie. sec.tions revealed fibrosis : 

in the endocardial side of the myocardium., There was · no 

dye in the intramyocardial blood vessels; and none entered 

in the heart 1 s lumen. 

D.og 5;.:.l.J-95t A l.tû. lb .. male, mongrei. dog, lived J2 

days ; wa;s : operated on ]2..;...11-58 and died 1;,..2-59 •. Post­

mortem revealed anterior wall infarc..tion extending to the 

posterior wa1n of L~V~ and the septal- artery aTos.e. from 

the AD aTtery •. The coronary arteries were injected with 

dye dis;tal _to . the ameroids:7 without ventricular cmmula., ­

showed: *" homocorona:ry, ()) interc~ 'Jronary ana.s_tomoses_, 9 

a.rterioluminal vessels., one of; i t communica'ted wi th the 

heart 1 s lumen., Coronary artery oc_clusions; showed AD-90%, 

C-95% and combined ocalusion-92.-5%, which \vere due to in-­

timal prolifera.tion and thrombus: formation •. The heart was; 

sliced transv ersely and microscopie ....._setions revealed fi­

bresi s in the middle and inner 1/3 of the myocadium . .. HQ; 
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PLATE NO. 21. 

X-ray photograph showing injection of intact heart with 
Schlesinger mass through the left subclavian artery and 
aorta. The re is a cannula inside the ventricular cavity 
and the aorta is tied with umbilical tape distal to the 
coronary ostiae , so that no dye could enter the coronary 
arteries. Very little unit of blood vessels converging 
tow ards heart and no coronary anastomoses present. 
Note presence of t w o ameroids. {Control dog 8-4 72). 
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dye wa;,s found in the intramyocardial blood vessels. 

Dog 7;..422: A. 52 ~ l :b. male, mongrel dog, li ved 9 

days_.wa•s , opera,ted on 4-15-59 and died on 4-25-59. 

Pos:t mortem examina!.tion showed posterior wall infarc:.tion 

af the L. V.. and the s.eptal artery ar ose from the AD art­

ery. The coronary ar.teries; were injected with dye distal 

to the ameroids, . wi thout ventricular cannula'; showed ** 
homocoronary, _ * intercoronary anas_tomo·ses., 20J arterio~ 

luminal vessels, 2: of which communicated with the lumen 

of the hea:rt. Coronary a.rtery occlusions.; showed AD-65~, 

C-78% and combined occlusion-71.5%, which were due to in­

tima.l proliferation and thrombus . formation. The hea.JJ't wa:s; 

sld.ced coronally in 1/Z cm. thickness • Microscopie . sa-ct­

ions r:evealedî fibrosis_: in the inner 1/3 of the myocardium 

and the dye waspres:ent in the_intramyocardia:J. . bJloo.d ves.-

ADDENDUM 

Injection of the intact heart through the left sub­

clavian and aorta wi th dye in three normaJ. dogs ( Dogs_. No. 

2~353, 3-lH)O, and 8-422) showed extra.ca:.rdiac aœteries went 

to the pericardium. No. dye went to the coronary arteries 

or its branches ;and none ent ered the ventricular lumen 

of the heart. 
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SERIES UA: IVALON SPONGE OPERATION 

General Sw:nmary and Results: 

1. Number of dogs: 10 

2. Sex: males 6, females 4 

3. Weight: between 37 1/2 - 53 lbs. 

4. Mortality: 6 dogs Percentage 60% 
Average survival in da ys of mortality: dogs: 12. 6 da ys. 

5. Survival: 4 dogs Percentage 40o/o 
Average survival in days of sacrificed dogs: 170 days. 

6. Position of septal artery: 
a) from anterior descending branch: 7 
b) from circw:nlfex branch: 2 
c) from main left coronary artery: 1 

7. Injection of coronary arteries: 
a) proximal to ameroids: 6 
b) distal to ameroids: 4 
c) from extracardiac injections: 3 

Percentage: 
70o/o 
20% 
10%1 

d) cannula in ventricular cavity: 0 No cannula: 10 

8. Extent of coronary occlusions: 
a) average percentage from anterior descending branch: 88.8% 
b) average percentage for circw:nflex branch: 89% 
c) combined average percentage: 88/9% 

9. Coronary anastomoses: 
a) intracardiac anastomoses: 

1. Average for surviving dogs: homocoronary 2. 8 times * 
intercoronary 1. 8 times * 

2. Average for mortality dogs: homocoronary 1. 8 times * 
intercoronary 0. 33 -of * 

3. Overall average: homocoronary ** 
intercoronary 0. 9 of * 

b) Extracardiac anastomoses: 1 case. 
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PLATE NO. ~?'. 

Photograph showing stErile ivalon sponge overlaid and 
sutured to surface of scraped myocarditun on the 

anterior and posterior portions of le ft ventricle. Peri­
cardium is seen retracted by stay sutures and ameroids 
are still partly visible. 
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10. Arterio-huninal vessels: 
a} Average nurnber: 21.6 vessels. 
b) Average nurnber of vessels communicating with the lumen 

of the heart: 5. 6 vessels. 

11. Presence of dye in intramyocardial vessels: 
a) Nurnber of he arts with dye: 9 
b} Nurnbe r of he arts without dye: 1 
c} All surviving do gs had dye in intramyocardial ve s sels. 
d} All mortality dogs except one had dye in the intramyo-

cardial vessels. 

12. Sections or slicing of he arts: 
a} Transverse or horizontal syctions: 2 
b} Sagital or vertical sections: 3 
c} Coronal right angle to lumen: 3 
d) No sections of heart: 2 

13. Location of infarction: 
a) anterior wall of left ventricle: 0 
b) posterior wall of left ventricle: 5 
c) com bined ante ri or anà posterior wall: 1 
d) no myocardial infarction: 4 
e} All mortality dogs except one nad myocardial infarction. 
f) All surviving dogs did not have any infarction. 

14. Microscopie findings: Presence and location of myocardial 
fibrosis: 

a) Endocardial portion: 5 
b) Middle portion: 1 
c) Epicardial portion: 0 
d) No myocardial fibrosis: 4 

Individual Surnmary: 

Dog 4-414: 

This was a 50 lb. male, mongrel dog operated on October 

27, 1958 and sacrificed on May 13, 1959. It lived 199 days. Post 

mortem examination showed the left lung was adherent to the surface 

of the heart, absence of visible infarction of the heart and the septal 
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aros:e from the AD artery •. Injection of the intact heart 

through the left subcla~ian artery and aort~without 

ventricular cannula.. showed extracardia.c arteries went 

to . the: pericardium, but none filled the coronary arter­

ies• The coronary arteries were injected with dye dis~ 

tal to the amercbids showed ** homocoronary, ** inter."­

coronary ana'stomoses,: 19 arterioluminal vessels,_ 5 of 

which communicated with the heart's lumen. Coronary artery 

occlusions_ showed AD-95%, C-lOO%and combined occlusion-

97. • . 5%, which wer:e due to intimal proliferation and throm­

bus formation. The heart was . sliced coronally and micros ... 

copie sec.tions revea:.1ed smaJ.l pa·tches of fibrosis in the·. 

inner 1/Jof the.myocardium • . The ivalon sponge contained 

cellular fibrous tissue with marked hyalinization and with 

smaù.l number · of blood vessels. ~he sponge material wa:s : D.e­

duced and a.. small number of giant cells .were seen •. Between 

sponge and myocardium were blood vessels. showing extensive 

intimal. prolifera.tions_~ wi th diminution of lumen calibre. 

In addi tional sec:tions the vascular channels in the spong~ 

were of' medium size and somewha..t more·. numerous .. than descri­

bed. a'bove. Dye in the intramyocardial vessels were seen. 

Dog 6-4oJ: A. 44-lb. male, mongrel dog,_ lived 9 days 

was operated on 11-6-58 and died on 11-15-58. Posttnortem 

studies revealed posterior wall infarction of the L.V •. and 

the septal artery arose from the AD artery. The cononary 

arteries ,..,ere injected wi th dye proximal to the ameroids . 

without ventricular cannula1., shov1ed ** homocoronary, 0 in-
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PLATE NC.~ .. 

X-ray microphotograph of left ventricle of ivalon dog 4-414, 
sacrificed at 199 days after operation. Note iva1on sponge 
on surface of the myocardium, which is slightly filled with 
dye together with intramyocardial ve s sels. In spit~ of 
improved coronary circulation due to operation, patches of 
fibrosis could still be seen in inner 1/3 of myocardium. Myo­
cardial sinusoids could be seen connected with surface of heart, 
but are not filled with dye. This finding does not agree with 
with primitive type of heart nourishment. 
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tercoronary anastomoses and the oc:clusions sho\-red AD-

85%,: C-85% and the combined occlusion-85%, : which werer 

due to intimai:. proliferation and thrombus formation •. 

Microscopie studies revealed smaJ.l patche-s of fibrosis 

along the inner border of the endocardium .. The, ivalon 

sponge contained red blood c.ells in clumps vri th moderate 

amount of dye•· Plenty of small blood vessels werer: fo.rm­

ing and growing with small amount of fibrous tissue and 

hyalinization. . Ln o..ertain areas., there were foreign body 

giant cells grouped together •. B~tween the sponge and the 

myoca:r.dium wer:e: corona.ry blood vess:els filled wi th dye 

and their l~en narrowed by sorne intimal proliferation. 

']he intram.yocardial blood vesselsand soma myocardial 

sinusoids contari..ed the injec.ted dye. 

Dog 8 .... 153l A. 4Z: Ib •.. male, mongrel dog, lived. 1.5~ 

days · wa.s operated on 11-13;.. 58 and died 11-28--58. Post 

mortem examina:.tion shol'red posterior wall ihfarction of 

the L .. v·. and the septal artery ar ose from the AD artery •. 

The corona:ry arteries were injected with dye, promimal 

to the ameroids, wi thout ventricular cannula, sho\ved a 
homocoronary, O. intercoronary anastomoses, 14 arterio- ­

luminal ·ve.s-sels; _. none of which communica·ted vli th the 

heart 1 s:: lumen .. Coronary artery occlusions shovred AD-75% 

C-95% and combined occlusion-85%, which were due to in­

timai proliferation and thrombus formation. The heart 

was, sliced sigitally and microscopie studies revealed 

tiny patches of fibrosis in the middle third of the myo-
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ca~dium. Intramyocardial blood vessels contained dye, 

but none went in the sinusoids:· and lumen of the heart •. 

The ivaJ.on sponge contained rich cellular fibrous tis­

sue, with some hyalinization, some giant cells and blo­

od vessels; filled wi th red blood cells:c. 

Dog 1I871: A 40 lb •. female, mongrel dog, . lived l 

days: , was operated on 11-24-58 amd died Il-27-58., Pos.!tmor­

rem e:xmnina,tion showed anterior and posterior wall infarc­

tion and the septal artery a-ros.e from the AD artery ... The. 

coronary arteries were:. inj ected wi th dye proximal . to the~ 

ameroids, \d thout ventricular · cannula'.1. showed * homo.coro­

na.ry , .~d 0 intercoronary anastomoses .. The coronary artery 

occ·lusions showed AD-90%, C-90% and combined occlusion-

9,0%, : vThcih were .. due to intimai. proliferation and throm-

bus formation., Microsco:p:d.cstudies ; revea[,ed patchesof 

fibrosis:= in the endocardium. Some dye wa.s seen in the in­

tramyocardiaJ. blood vessels·; but no· dye' entered heart 1 s=; 

liumen •. 

Dog LZ...lt-4,1:: A. 40 lb. femarr.e, mongrel dog, lived 174 

d.ays : was:; operated on H-2:7- 58 and sa.c:rificed on 5-20~ 59•­

Postmortem examination showed absence of visibl:e infa:u.c ....... 

tion and the septa~l a-rtery arose from the main lei't coro­

nary artery. Injection o-f the intact . heart with dye throu­

gh the .left subclavian ar.tery and aorta~ without ventricu­

lar cannula:. showed extra:cardiac arteries : went to the peri­

cardium and filJJed the c.oronary arteries: and finally enter­

ad the hea:rt 1 s lumen. Coronary arteries sho·i:led ***' homocro­

ronary, ** intercoronary, ***. extrax::ardiac anastomoses1; 2'1. 



- 146 -

arterioluminal· v.essels, . 4 of which communicated with the 

hear.t 1 s . lumen. The coronary artery . occlusions . showed AD-

95%, : C-75%. and combined occlusion-85%, which were due to: 

intimal proliferation and thrombus formation. The heart 

was sliced coronally and mi·croscopic studies revealed nor­

mal. myocardium. The intramyocardial bload vessels. conta:ied 

dye, but none in the myocardial sinusoids.., The ivalon spon­

ge contained fibrous tissue with hyalinization and a. number 

of blood ves·s:e]s. Between the sponge and myocardium were 

numerous Q~~~d vesselscontainiilg dye. 

Dog 13-429: A. 37 lb •. female:, mongrel dog, lived 177 

days wa·s opera.ted on 12-3-58 and sacrificed on 5-29-59. 

Postmortem studies showed absence of gross infarction and 

the septal artery arose from the AD artery. Injection of 

inta.ctheart.. with dye through the left subclavian artery 

and aorta, widlhout ventricular cannula,.. Rhowed extra:car­

diac arteries went into the pericardium, but no filling 

of the coronary arteries. The coronary arteries were in-

j ec.ted distal to the ameroids, which sho'\-red *** homocoro­

nary, . * intercoronary anas.tomoses,. 25 arteriolumina;l ve:s­

sels, _4 of which communicated with -the heart's lumen. Co­

ronary artery occlusions showed AD-95%, C-80% and combined 

occlusion-87.5%, which were due to i ntimal prol i fer a tion 

and thrombus formation. The heart was sliced coronally and 

microscopie studies: revealed S.me findings as of Dog 12.~ -

Dog 14-444t A 53 lb. male, mongrel dog, lived 2li 

clàys · was operated on 1~16-59 and died on 2?--6~59 •. Po.s;t.. 



PLATE NO. 2.4 . 

X-ray photograph of ivalon dog 12-443 whose intact heart is 
injected with the new Schlesinger mass through left subclavian 
artery and aorta, showing branches of pericardio phrenic, IMA, 
intercostal, esophageal and bronchial arteries in pericardium, 
and dye filled up coronary arteries and lumen of heart. No dye 
went to coronary and ventricular lumen from the aorta for it 

was ligated above the sinus of valsalva. Pulmonary vessels 
and descending thoracic aorta are also filled with dye. 
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mortem revealed presence of posterior wa~l infarction 

of L.V ., and the septal a--rtery aros.e from the AD art­

ery .. The coronary arteries were injected with dye dis­

tal to the ameroids., wi thout ventricula:r cannula, which 

showed *** p.omocoronary, * intercoronary anastomoses, 

33'. arterioluminai vessels, 10 of which communicated with 

the heart•s .lumen. No: dye entered the ventricular lumen. 

Coronary artery occd.usions_, shoued AD-98$,. C-95% and com­

bined occlusion-96. 5%,. which wer.e due to. intimal proli­

feration and thrombus formation. The heart was sliced 

transversely and micro-scopics:tudies_ revealed extensive. 

fibrosis . in the middle third of the myocardium • . Intra-'!­

myocardial blood vessels~ contained dye. The ivalon sponge 

bad rich cellular fibrous tissue with marked hyalinization 

moderate ~umber of blood vessels and dye in the meshes of 

the sponge • . There was planty of foreign body giant reaction. 

Dog 15-435:. A 44 lb. male, mongrel dog, lived 20 days_ 

was operated on 2-2;..-59 and died 2-22--59 •. Postmortem revealed 

p0S:terior wall infarction and the septaù artery aros-e· from 

the AD arter.y. The coronary arteries· wei'e injected with dye 
' distaJ. to the ameroids, w.i thout ventricular cannula;" . S:howed 

*** homocoronary, * intercoronary anastomoses, 28 a:uterio­

lumina:l vessels, .. :12: of which communica·ed with the heart 1 s 

Lumen. The coronary artery occlusions showed AD-85%r. C-80% 

and combined occlusion-77.5%, ·which were due to i ntimal p~o­

lifera.tion and thrombus formation. The heart wa:s sliced tran 

sversel'y and microscopi:C studies r'evealednormaL myocardium. 

Dye 'WB.'S. pres.ent in the intramyoca:rdial blood vessels• The 
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ivaJ.on sponge contain·ad dye,. hyalinized fibrous - tissues., 

s·ome blood vessels ·and foreign body giant cell reaction. 

Beti.ween the ivalon and the myocaxdium were coronary art­

eriesw.ith intimal proliferation which contained dye. 

Dog .16-425: A 4Z 1b.~ female, mongrel dog, lived 

130 days, was operated on 12-17-58 and sacrificed on 4-

26-59 . .. Postmortem showed absence of gross infarc.tion and 

the sep_ta·l artery arose from the circumflex: artery. The 

coronary arteries we~a injected with dye, distal to the 

ameroids, _ without ventricular · cannula, which showe.d *** 
homo.coronary, ** intercoronary anastomoses; 24 arterio-­

lumina.J. vessels, 10 of whièh communicated wi th the heart • s : 

lumen •. The coronary artery occlusions showed AD-lOO%, C-

100% and combined occlusion-lOO%, wPich wera due to in­

timai proliferation ·and thrombus_. formation. The heart, was.; 

sliced sa-gi taJ.Iy and microscopie s::tudies revealed the myo­

cardium wa.s:.: normal and intramyocardia:l blood vessels.~ con­

ta·ined dye., The spaces. of the i valon sponge were· filled 

Vi th partial hyalinized fi brous . tissue' s.ome thin wal.led 

bl·oa:d ves.sels and a . few areas· of foreign body giant cell 

reaction. 
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PLATE NO. 2 .5. 

X-ray pbotograph showing heart of ivalon dog 15-435, 
injected with new Schlesinger mas s, distal to the 
ameroids. Note nw:nerous palisading of the arterio­
lw:ninal vessels and the tremendous homocoronary and 

increcoronary anastomoses. 
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SERIES liB: IVALON SPONGE OPERATION 

General Summary and Results: 

1. Number of dogs: 10 

2. Sex:males 8; fema1es 2 

3. Weight: between 37-44 lbs. 

4. Mortality: 5 dogs Percentage: 50o/o 
Average survi val in da ys of mortality dogs: 51. 8 days. 

5. Survival: 5 dogs . Percentage: 50o/o 
Average survival in da ys of sacrificed dogs: 8 7 da ys. 

6. Position of septa1 artery: 
a} from anterior descending branch: 6 
b} from circumflex branch: 2 
c} frommain 1eft coronary artery: 2 

7. Injection of coronary arteries: 
a} proximal to ame rqids : 0 
b} dista~ to ameroids: 10 
c} from extracardiac injection: 6 
d} cannu la in ventricu1ar cavity: 3 

8. Extent of coronary occlusions: 

Percentage: 
60% 
2-üo/o 
20% 

No cannu1a: 7 

a} average percent~ge form anterior descending branch: 86% 
b) average percentage from circumflex branch: 91.3% 
c) combined average percentage: 88. 6% 

9. Coronary anastomoses: 
1. Intracardiac anastomoses: 

Average for surviving dogs: homocoronary 3. 4 times * 
intercoronary 2. 4 times * 

Average for mortality dogs: homocoronary 2. 8 times * 
intercoronary * 

Average overall: homocoronary 3. 2 times * 
intercoronary: 1. 7 times * 

2. Extracardiac anastomoses : 1 case 
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10. Arterioluminal ve s sels: 
a) average number: 23. 3 ve ssels 
b) average number corrununicating with lumen of the heart: 6. 4 

11. Presence of dye in intramyocardial vessels: 
a) number of he arts with dye: 10 
b) number of he arts without dye: 0 
c) all surviving dogs had dye in the intramyocardial vessels. 
d) all mortality dogs had dye in the intramyocardial vessels. 

12. Sections or slicing ofhe arts: 
a) transverse or horizontal sections: 2 
b) sagital or vertical sections: 0 
c) coronal, right angle to lumen: 8 
d) no sections of heart: 0 

13. Location of infarction: 
a) anterior wall of LV: 1 
b) posterior wall of LV: 2 
c) postero-latera1 wall of L. V.: 1 
d) no infarction: 6. 

14. Microscopie findings: Presence and location of myocardial 
fibrosis: 

a) endocardial portion: 4 
b) middle portion: 0 
c) middle and endocardial portion: 0 
d) no myocardial fibrosis: 6 

Individual Summary: 

Dog 19-395: 

This was a 43 lb. male mongrel dog operated on February 

13, 1959 and died April 16, 1959. It lived 62 days. Postmortem 

showed left lower lobe was adherent to the surface of the heart, 

presence of slight posterior wall infarction of L. V., and the 

septal artery arose from the AD branch. Injection of coronary 
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arteries ... with dye, distal to the ameroids., without vent-

ricular cannula:., : show.ed "'* homQcoronary ~ * intercoronary 

anastomoses:,.. 13 arterioltunina;l vassels,. 3 of which com­

municated wi th the. heart 1 s lumen.. Coronary artery occlus.o­

ion$ showed AD-75%, C-100% and combined occlusion-85~,: 

which were due to intima.l proliferation a:nd thrombus fo.r­

ma:tion. The heart,_ wa.s' siliiced transver.sely and micros.c.opic. 

s.tudias r~evea1ed fibrosis in the innar 1/2 of the myocan-­

dium., Intramyocar.dial blood vessels: contained dye, but 

none in the myocardia·l sinusoids .. The i valon sponge ha..ù 

hya1in1zed fibrous: tissue,: soma thin-walled blood vesseJls;, 

injec.ted dye and soma foreign body giant cel1s.., Between 

the: sponge and the myocardium were. coronary blocrd ve-ssels­

with intimal proliferation and their lumen contained dye~ 

Dag 20-303:. A 40 lb •. male, mongrel dog, lived40 days:: 

was :: operated on 2-16;..59 and died on 3-28-59 •. Postmortem re­

vealed posotero-lateral infarction of the L. V., and the s.ep• 

ta.J. artery arose from the AD artery. The coronary artei.ies. 

w·ere.· injected with dye, distal to the ameroids, without 

ventricular cannula.,. showed *** homocoronary,. * intercoro;,.. 

nary anastomoses,~ JlZ arterioluminal. vesse:ls, 3: of which 

ccmununica.ted wi th the hea.:rt:.' s lumen. The coronary artery 

occlusions showed AD-70%, C-100% and combined occlusion-

85%, which were . due . to intimai proliferation and throm-

bus .: formation •. The : heart was : sliced transversely and mi­

croscopie sections; revealed patchesof fibrosis in the. en­

doca.rdial siàe of the myocardium. IntramyocaxdiaJ. blood 

vessels . contained dye, but none in the · myocardial sinus.oids. 
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The ivalon sponge . contained hyaliniz.e.d fibrous tissue, 

some thin-w:alled blood vess.els, . injected dye and foreign 

giant cell.s·•· Bètween the sponge and the myocailid±um w.a:re 

coronary ves.sels:~ wi th intimaJ. proliferation contad.ning 

dye in their lumen. 

Dog 24-l+l+l:. A. 42 lb. ma'le, mongr:el dog, lived 98 

days:: wa:s opera.ted on 2..:..23-59 and sa.crific~ed on 6-L-59. 

PO:sc,tmortem showed abs.enc.e .. of gross infar:a...tion and tha 

sapta:L ar.ter.y ar:ose from the AD axtery .. Injec:tion of the: 

intact~ heart: wi th dye through the left subcla..vian artery 

and a:orta wi th ventricular · camnula show.ed extraca:rdiac art­

aries> went to the~ perica.r:dium. None. filled the coronary 

a>rteries and the lumen of the. heart. Inj ec:tion dis.ta.J. to .: 

the ameroids~ sho:wed *** homo:coronaryr, ** ihter.coronary 

a.-nas;tomose.s;: 2l arterio.luminal:.. vessels, 7/ of whïch com­

ml.lllica..ted wi th the: heart.•!s lumen. The coronary ar ter. occ­

lusions . sho.wed AD-95%, C-90% and combined occl usion-92 .. 5%, 

which w-ere. due to intimal prolif~ration and thrombus -for• 

ma:tion. The heart was; siliiced coronalLy and microsco.pjjc 

s.tudies.: revea:led normal.. myocardium,dye was; present in the: 

intramyocardial vessels~ and myocardia:l s.inus.oids;. T..fle ivaJ~ 

sponge contained paxtiaJ.Jly hyalinized fibrous. tissue, thi.n.­

wa-J.]ed blood ves:s:e:ls: and few.· ar.eas ·of foreign body r..eaction. 

In the· inner p~rica:rdium wa.s: sutur.e. ma.terial. and for.e.ign 

body granuloma. 

Dog , a8-45œ: A. 44. 1 b .. mongrel dog, li ved 99.' days: was 

oper.a..ted on 3-6-59 and sacrificed on 6-3-.59 .. Pos:tmort:em 
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PLATE NO. 2._6. 

Photomicrograph is from heart of ivalon dog 24-441 which died 
98 da ys after ope ration. Section shows myocardium is normal 
with dye in the intramyocardial vessels and myocardial sinus­
oids. Ivalon sponge contains parti ally hyalinized fi brous tissue, 
thin-walled blood vessels and a few areas of foreign body giant 

cel! reaction (x 10). 
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studies showed absence of gross infarction and s.epta.1. 

ar.tery arosa~ frOI!l the ma:in left. coronary artery. Injec:t­

ion of iiltac:theatt..with dy~ . through the left subvlacian 

a.rtery and aorta, w1 th ventricular c.annula·, : sbow:ed extra. 

ca.rdiaœ art.eriesc~ went ta. the pericardium. There: was . no 

fillihg o-r thecoronary arteries;and none entered the 

llllnen o.f the: heart.• Wle corona:ry ar taries: w.er.a inj ected 

disful- to .. · the ameroids1 which sbowed *** hmmo-coronary, 

** intercoronaTy al!las:tomoses; : 2Q_, ar:teriolumihali v:esselso 

I ; of which cœamnnicmted wi th the heart.11s; lumen •. The c.orœ.­

nau'Y occlusions-; showed! AD-lOO$, C-95$ and cambined o:cclu-
.. 

sion-9'7,•$%, which were: due to intimali proliferation and 

thrGmbus formation. T-he,: heart was slic.ed c.CU"onally and: 

microsco:pi:c s:-e:ctions.:; revea:Ied noEma:ù.. myocardium wi th dye 

in the ihtra.myocardiaŒ. vessels:• The ivalon spong~ contain­

ed fibrous3 tis.sue,, laT.ge and smaJ.I. bload vess:els: and mo.­

derate: amounts of foreign body gia:nt celJl. r.eaction. 

Dog 39;..15'9:: A._ 3~ ~b maù.e, mongrel dog , . live:d 106) 

da-ys; wa.s: opera.ted an 3,_11-59 and sa.crificed on 6-ll-5~5.9. 

Postinontem showed absence of gross~ infarction and s:epta:l 

axte:Dy aJ.rose from the AD branch •. Injection of intac.tt heart 

with dye through theleft subcla:vian artery and aorta,- wi:th 

ventnicular _ cannula. showed. ext:m:t:ca:rdiarc: axteries:; went . ;_ntQ• 

the per.icardium. Thereo wa.s' no~ · filling of the. coronary amt: 

ery •. Inj action distal . to .. the ameroids; sbowed. *** homoc.oro­

namy ,, ** inter.coronary anastomoses{,. 29; arteriolumina:l_ ves• 

s.ells:,: 6: of which communiaated wi th the heartrs ·lumen. The: 
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PLATE N0 . 2J7_ . 

Photomicrograph taken from heart of ivalon dog 25-325 which 
survived 90 days. Section shows normal myocardium with dye 

in intramyocardial ves sels. Iv·a.lon sponge contains fi brous 
tissue , large endothelial lined vascular channels, hyalinized 
fibrous tissue and foreign body giant cell reaction. (x lOO). 
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coronaTY occlusions s-howed AD-75%,. C-95% and combined oc ... 

clusion-85%, which were due to intimal proli.fera.tion and 

thrombus formation. The heart was siiced c_oronally and 

microscopi'c studies : revealed normaJ.myocardium and intra~ 

myocardiaT vesse.Is were filled with dye;, , The iva!lon sponge 

contadned more fibrous : tissue,, Iess; vascular channels; and 

less: foreign body giant cell. rea:c_tion. 

Dog 3l-388t A. 40 lb •. ma:le, mong:v.eo1. dog, liv.ed 62. 

da.ys·; was; oper~.ted on 3-JJL-59 and died an 5.:..-12..;;....59.. Po:·sx 

mortem showed· sma:JlJl. ihfaœc:tiem iln the go.·s.,terior wall ai'. 

L.V~, . and s:eptaJJ. a:rtery aros;e from the circumflex: arter.y. 

The aoronary axter.ies: were: inj ected wi th dye dis,tal ta· the' 

am.eroids:-, wi thout ventricular: cannula., sho:wed ***' h<lllD.Gcorm­

nary, _ Q; in terc.oronary anastomoses, 27 art.e:rioJl.urninal. ves;­

sels:, 'l' of whiah co:mmuniicated with the heaTt 1's lumen .. Cora:o-­

nary a.·milüsionsc; showed AD-90%,. C-80% and combined occlusiOn 

85%, which were: due ta• intimai proli.feration and thrombus: 

formation ... The hear.t was; s.liced corona:lly and mic.roscopfu:· 

studies revealed. Iarge fibrosis cantall.hing dilated va:.scu-· 

lar spBJ.cas' in the ibner. portion of the myocardiumrllld in­

tra3]lyocaœdiai. bToQ:d vessel.s; contained . dye•· The. iv:alon spoo.. 

ng5}·: haù fibraus tissue,~ foreign body giant ctdL r.ea.ctielll,. 

a, subacute~ granulomatous~ inflammation wi th l.ympho.c.ytes, 

P.la:sma.,_ cells and moderate sized vascula-r · channeis;. .. 

Dog 35-47Œt A. 46; lb •. femaü:e, mong:v.Efli. d0:g,: .Uved ~3~ 

days : was: operated an 5-~-59 and sacrificed an 6-22~5-:9. 
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PLATE NO. ::28 

X-ray photograph of coronal-right angle to luxnen slices of heart 
of ivalon dog 35-470, sacrificed 53 days after operation. There 

are about 27 arterioluxninal vessels, 10 of which communicate 
with the luxnen of the he art. 
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Po~s~tmortem sbo.wed nœ gross; infar.ction and septal. artery 

a:ros:-e·. from the AD artery .. Injection of the intact hea.rt 

with dye through the 1ef't subclavian artery and aorta 

with ventricular cannula. showed extracardiac a.rteries 

went to the pericardium .. The circumflex: and AD branches; 

became filled wi th dye iildicating extracardia.c anastomo-­

s:e:s=-• . Injection o:f the coronaxy arteries . showed ****homo ... 

c.oronary, : *** intereoronary ana..sjtomoses, 27 arteriolumi­

na.JL vesssls7: 10.: of which cœnmunicat.ed . wi th the heart 1 s; 

lumen •. Coranary o:c.e:lusions . showed AD-80%,: C-10:0~ and 

c.ombined'. oc:clusion-90$, . whi.ch w:er:e due ta; intimB.'l prGo-­

liferation and thrombus formation. , The heart was. s1iced. 

coronally and mic.ros.copi'c sctudies rev.eai.ed . normal myo­

aald.ium and in tramyocardiaT b.lloo:d ve:s.sel:s~ con taihed dye. 

~he ivalon sponge bad hya-lini;.z:ed fi brous . tissue, thin­

waül.ed b.Lood vessais,~ ihjec:.ted dye. and modera.te amount 

oi' foreign body giant cells-. 

Do.g . 3'7Dr7.8: A. lt3 lb. female, _ m0ngrel dog, . live.d lf.O; 

days : wa:s. operated on 5-6-59 and died on 6.:..15,;.59 ... -Pos,tmor­

tem mrowed absence of gross infaT.c.t~1on and septa.1. artery 

a'ros.e: fr(l)m the circumflex~ arte:o.y . , Inj action o~ the in tale-t 

hear.t wi th dye~ through the : le ft subcla.vian . artery anclr aor..'­

ta:., with ventricular cannula,_,~ showed extracardiac arteries . 

went to:. the pericaJ.>dium, _ but did na~t fillL up the cororuwy 

ém"teries;. . The cnr.onary ae.teries: w.ere injected distal t0.·· 

the ameroids..:, which show.ed *** h0mo.coronary, * intercoro­

na-ry anastomoses,, l!B a.-rterioluminaDJ. vessels-., 5 of which 
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PLATE NO. 29 . 

X-ray photograph of ivalon dog 35-470 which was sacrificed 
53 days after operation. Injection of intact heart with new 
Schlesinger mas s through the le ft subclavian artery and aorta, 
shows branches from pericardio phrenic, IMA, intercostal, 
esophageal and bronchial arteries goes to the pericardium. 
The circumflex and AD branches are filled with dye indicating 
extracardiac anastomoses. There is a ventricular cannula. 
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communicated wi th the lumen of the heart. Coronary artery 

occJJusions show-ad AD-85%, G-85% and combined oc_clusion-

86;.5% which were due to intima1_ proliferation and throm­

bus.: formation .. The: heart wa:s sliced coronaüly and micros_­

copic stUdies : rev.eailed norma:Jl. myocardium and the intra.­

myocardial bloaù vessels:.: contained dye •. The ivalon spon­

ge conta:ined fibrous tissue, thin-walled blood vessels,: 

injec...ted dye and moderate amount of foreign body giant 

cell n.aaction., 
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SERIES III: IMPLANTATION OF LEFT INTERNAL MAMMARY 

ARTERY TO THE LEFT VENTRICULAR MYOCARDIUM AND 

PARTIAL LIGATION OF 1HE CORONARY SINUS. 

Summary and Results: 

1. Number of dogs: 10 

2. Sex:males 6, females 5 

3. Weight: between 37 1/2- 55 lbs. 

4. Mortality: 3 dogs Percentage 30% 
Average survival in days of mortality dogs: 26 days 

5. Survival: 7 dogs Percentage 70% 
Average survival in da ys of sacrificed dogs: 237 da ys. 

6. Position of sept al artery: 
a) from anterior descending branch: 7 
b) from circumflex branch: 2 
c) from main left coronary artery: 1 

7. Injection of the coronary arteries: 
a) proximal to ameroids: 3 
b) distal to ameroids: 6 

Percentage 
70o/o 
20% 
10% 

c) from extracardiac injections: 4 
d} cannula in ventricular cavity: 0 No cannula: 10 

8. Extent of coronary occlusion: 
a} average percentage from anterior descending branch: 79% 
b} average percentage from circumflex branch: 87o/o 
c} combined average percentage: 83% 

9. Occlusi on and patency of implanted internai manunary: 
a) average proximal occlusion: 17% 
b} average midportion occlusion: 34% 
c) average distal portion occlusion: 51.5% 

10. Coronary anastomoses: 
a ) Intracardiac anastomoses: 

1. Aver. for surviving dogs: homocoronary 2. 7 times * 
intercoronary 1. 4 times * 
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2. A ver. for mortality dogs: homocoronary 1. 66 times * 
intercoronary 0. 66 times * 

3. Overall average: homocoronary: 2. 4 times * 
intercoronary 1. 2 times * 

b) Extracardiac anastomoses: 4 cases. 

11. Arterioluminal vessels: 
a) average number of vessels: 26.6 
b} average number communicating with lumen of heart: 4. 6 

12. Presence of dye in intramyocardial ve ssels: 
a) number of hearts with dye: 8 
b} number of hearts without dye: 2 
c) ali survi ving dogs had dye in the intramyocardial vesse1s, 

except one. 
d} all mortality dogs had dye in the intra:myocardial vessels, 

except one. 

13. Sections or slicing of he arts: 
a) transverse or horizontal sections: 0 
b} sagital or vertical sections: 0 
c) coronal, right angle to lumen: 7 
d} no section of he art: 3 

14. Location of infarction: 
a) anterior wall of LV: 0 
b} posterior wall of LV: 3 
c) no myocardia1 infarction {normal}: 7 

15. Microscopie findings: presence and location of myocardial 
fibrosis. 

a) endocardial portion: 4 
b} middle portion: 1 
c) epicardial portion: 1 
d) no myocardial fibrosis (normal}: 4 

Individual Summary: 

Dog 1.7-408: 

This was a 45 lb. male, mongrel dog operated on August 

2 7, 1958 and sacrificed May 20, 1959. It lived 26 7 da ys. Post-

mortem showed left lower lung lobe was adherent to the surface 
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o_f the heart, _, absence of gross infarction and the septal 

a:rtery arose from the: AD artery •. Injection of intact 

heart with dye through the left subclavian a-rtery and aor­

te;_, . wi thout ventricular cannula_,- showed the dye pass:ed 

through impJ.anted ]MA. into all. the coronary arteries; a.'TJ.d 

finaJlly into_. the lumen of the heart. Thera were *** homo­

coronary, ** intercoronary anastomoses:, 29 arterioluminal.. 

v.ess:els, 9 of which communicmted w1 th the heart ' ;s; lumen. 

Implanted IMA. occlusions; showed prox:imal.-10$ -, mid-2.0. 

and. dista:J.. per.tion-30% .. Corona.:ry artery occlusions; showed 

AD-70%, C-]00% and combined occlusion-85% .. All these oc­

clusions ; were due to) intimal prolifera:.tion and thrombus: 

fom~tion. The heart wasc sliced coronally and microscopie 

s..tudieS:; showed normal myoca:rdium and presence of dye in 

the intramyocardial. b1oGd vess.els .. 

DC!I:g 22. ... 161.: A. 55: lb .. male, mongrel dog, 1ived 245-' 

days_; was:: operarted on 9-8-58 and sa:.crificed on 5-11-59. 

Pos,tmo.rtem showed aili.s:enee .. of g:ross. infarction and s.ep.tai. 

artery ar.os.e from the. circumflex a.:rtery •. Inje.c:tion of 

intact: heart wi. th dya through the . left, subclavian aœtery 

and aorta, wi thout ventricular · cannula._,_ showed the D1A 

was; pa.tent, but no.l branching because the lumen wa;.s, acci­

dentally blocked by a bubble of a.•ir during the injection. 

The co.ronary arteries. did no~t fill up: and no.dye entered 

the lumen of the heart. Injection distaù. to the a.meroids · 

showed ** hœnocoronary, ** interc.oronary anastomoses.:, 20 
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PLATE NO. 30 . 

Photomicrograph of mid portion of interna! mammary artery 
implanted into left ventricular tunnel. Lumen is narrowed about 
15o/o due to intima! proliferation and contains injected dye. Ad­
ventitia also shows dense collagenous cuff. Specimen obtained 
from IMA dog 23-397 sacrificed 258 days after operation. 
(x 35). 
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a,rteri·oluminal ves.sels., 5 oi' which communica.ted wi th. the 

hea.:.rt t;s lumen • . Coronary artery occlusions showed AD-80.%, 

C-95% and combined occlusion-87. 5%, while DfA showed 

p:roximal-40%,. mid portion-65% and dista[_ portion-80%,: 

which were aJ.l due to. intimal proliferations and throm­

bus formation •. The adventitia~. of the D.f.A sho\ved coila­

genaus : cuff •. The heart wa.s.; sliced coronally and micros­

co.pi:c s.tudies revealed fibrosis . in the inner third o:rf 

the myoocardium and the intramyocardia~ vessels; contained 

no; dye .. 

Dog 23~97: A 45 lb. ma·le, mongrel dog, lived 258 

days was; operated on 9-9-58 and Sàcrificed on 5-25-59 •. 

PoSctmortem showed absence: of grosSJ infarction and septal 

artery arose from the AD branch., Injection of intact, heart 

with dye·; through the left subclavian artery and ·aorta, 

without ventricular cannula;, showed !MA wa·s parent wi th 

ea.rly branching;. There wa·s no filliîlg of the coronary art­

eries; and no dye ent.ered the lumen of the heart. Injection 

distal to the amerâids showed ** homocoronary, * inter.c.oro­

nary anastomos.es, 16 arterioluminal vessels, 3 of which 

communicated wi th the heart.1 s lumen. Coronary artery o~..clu­

siona, showed AD-90:%, C-85% and combined occlusion-8'7t~5.%, 

while IMA showed proximal portion-10.%, mid portion-15% and .. 

dis.talportion-30%, which were all due to intimaJ. prolifer­

ation and thrombus formation. The adventitia of IMA contain­

ed . a .dense collagenous cuff with moderate. number of artex­

ibles and small sized arteries. The heart was sliced coro-
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PLATE NO. 31 · 

Photomicrograph of proximal portion of internai mammary 
implanted into left ventricular tunnel. Presence of intimai 
obliteration, narrowing the lumen about lOo/o. Inside the 
lumen is the injected dye. The adventitia contains dense 
collagenous cuff; Specimen obtained from IMA dog 23-397, 
sacrificed 258 da ys after ope ration. (x 35). 
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nal1y and micros.copic s.tudies revea1ed s1ight fibrosis. 

in the endoca:rdia1 side of the myocardium and intramy6-

cardial b1ood vess.els, contained dye. 

Dog 25-404: A. 40 lb. female, mongrel dog, 1ived 252 

days was.operated on 9-ll-58 and sa.crificed on 5-21-59 .. 

Po:stmortem show:ed absence of gross: infarction and septal 

artery ar ose from the AD branch. Inj ec:tion of the imp1an­

te.d. IMA wi thout ventricular cannu1a.,: sho.wed patency, but 

1 t graduaJ.ly narrowed distally wi th some branching of 

small_ siza:.< Injection distaù to the ameroids shov.ed *** 
homocorona:ry, 0 intercoronary anastomoses,: 1.7 arteriolu­

minal. ves.sels.-, 4 of which communicated with the heart 1:s 

lumen. Coronary artery occlusiona showed AD-lOO%,. C-90% 

and combined occ1usion-95%, whiTe implanted IMA. showed 

proxima;1.!"'20%,: m:ld:.-40% and distal. portion-60%, . which were 

ali. due to intimai prolifera.tion and thrombus formation. 

The a"dventi tia. of IMA <rontained cGiUagen<!lus: cuff with . 

axteni:oles .. The heart wa.s. slic:ed coronally and mi.crosco­

p_ic studies. revealed normal myocaxditun and intramyGcar~ 

dia:J. bLoo:d vess:el.s: had i:hj ec.ted dye-.. 

Dcrg 26-J7,4: A 41 lb. :t'emale, mongreil.. dag wa.sc opera ... 

ted on 9-15-5.8 and s.a.crificed cm 5-29-59 .. Postmortem showed 

absenc:a cri' gros:s; infarc:tion and s:epta:J. artery arosa: .fr<Dm 

the main .I.e ft coronary antery.. Injection through IMA wi th 

dya, wi thout ventricular ca:nnula:,- sh0,.1ed a:rtery was. patent 

in the myoca:rdial tmmel wi th numerous' branchings;... Corona­

arteries: were injec:ted distaL to the ameroids:, Hhow.ed: ** 
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PLATE NO. J2:. 

Photomicrograph is from IMA dog 25-404* sacrificed 252 days 
after operation. Section is taken from distal portion of implanted 
IMA, which is narrowed 60% in its lumen by intima! proliferation. 
The re i s a dye inside the center of its lumen. The adventitia 
contains sorne collagenous cuff. (x 35). 



-l'l~ -

homocoronary, * intercoronary anastomoses, ~5 arteria­

luminaJ.. vess:els; 2 of which communicated wi th the heart 1 s . 

lumen .. Coronary aTtery occlusions: sho:wed AD-80%,: C-60% 

and combined occlusion-70%,. while implanted IMA sho.wed 

proximù-lG%, mid-30% and distêÜ. portion-45%,: which were 

ali. dUe to intima:l proliferation and thrombus· formation. 

Adventftür. of IMA contained s:ome collagenous cuff • . The 

heart was·. slic:ed coronally and microscopie s.tudies: re~ 

vealed noxmal myocadidum and dyes· were. present 1h the: 

intnamyocardia.l blood ves:œis., 

Do:g 3l~405:·: A 44 lb .. male, . mang:rel dog, lived 2.5 

days . was opera:.ted on 9-24--58 and died on lŒ-19-58. Pos.t 

mortem showed pos.terior wail. infarrtion of L.V. , . and s:ep-­

tal. artery aros.e drrom AD branch .. Injection of implanted 

IMA with dye-, without ventricuiar cannula:.,~ showed artery 

WS:S - patent wi th s:ome narrowing and nO) branc.hing. Corona:ry 

arteries: were inj ected distal to the ameroids: which show.ed 

* homocoronary,O intercorona;ry anastomoses. and no dye en­

tere:d the heart 1!s . lumen .. Coronary artey occlusions: reveal.ed 

AD-50%, . C-90% and cambined occlusion-70% while impla.nted; 

IMA showed; proximal-30%, mid-5.0% and dis.tal :RO:rtion-8();%,; 

which were· all. due to. intima:J. proliferation and thrombus; 

forma--tion. Micr.oscopïc - atudies~ r avealed fibrosis in the 

e:Rica:.rdia-1. portion of the myoaardium and in tra:myoca:ndiêll. 

bloo:d b.esse1.s crontained dye-. 

Dog a5'- 321: A. 40 :Lb •. male-, mongrei dog, lived 23 

dilys: was: operated on 10-22~58 and died II~l3-58. Inject-
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PLATE NO. 33 . 

X-ray photograph of sliced portion of left ventricle where 
interna! marnmary artery is implanted. It shows artery 
is patent, filled with dye and shows num.erous branching 
inside the tunnel. Specimen is obtained from heart of 
IMA dog 26-374, sacrificed 255 days after operation. 
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ion of the implanted IMA, ~ wi thout ventricuJJa.I' · cannula 

show.ed a-x.tery wa.53 pa.;t.ent with beginning branchings. Coro­

nary arteries= were: iil.jected proximal to ameroids . which 

sho·w·ed: ** homocoronary and * intercoronary anas.tomos.es. 

Coronary artery occlusions· showedAD-lOO%, C-60% and com­

bined occlusion-80%, .. whiie impJ.anted IMA showed praximal.-

20%r. mid-4<1% and distal. portion-60%,~ .which were:. al~ due 

to .. · intii:na:L proliferation and thrombus, formation., Ad:venti­

tia:. of DiA c.on tained collagenous cuff •. Micros.cnpi:c:: atu­

die:s.: showed fibros:is.= in the middle· 1/3: of the myocanduiiit 

and pres-.enc:e:. of dye. in the intramyoc:ardial bloo.d ve:ssels• 

Do·g 37-3Ja: A 52. lb. femaJ.e, mongrel dog, lived 3I. 

days·: was. op:erated on 10-24--58 and died on. 11;.:;·23-58. Po.st . 

mortem showe.d, post:erior wall infarction of L •. v., and SSJ!-• 

tal. artery arose:: from the circumflex:: branch. Injection of 

implanted IMA, without ventricular.· cannula showed: artexy 

wa~s; patent with eaJ!ly branching. Coronary art:erie.s , were 

injected proximal to the ameroids.: which sho.wed ** homo·-. 

coronary,a:nd * intercoronary anastomoses .. Coronary art­

ery occlusions·· shovred AD-60%, C-100% and combined occ• 

lusion-80%, whi~e implanted IMA showed proxiinal-IO%r. 

mid-30% and distal portion-40·%,- which were aJ.il. due ta 

intimai . prolife~a.tion and thrombus; formation. Microsc:m.:­

pic.' studies: ravealed fi broais· in the endocardia:l . si de: 

oi' the: myocardium and no .. dye in intramyocardiaL. vessa:ls:. 
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PLATE NO. ~~ 

X-ray photograph of injected intact heart with new Schlesinger 

maas through left subclavian artery, shows implanted internai 

mammary patent. Through its anastomoses, the coronary 

arteries were filled and dyes went into the lumen of the heart 

and pulmonary vessels. Specimen taken from IMA dog 38-382, 

sacrificed 196 days after operation. 
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De.g 3~-382.: A.4J lb •. male, . mongrel dog7: lived 196 

d.a.ys,: was: operated on 11-2±-58 and sa.crificed on 6~5-59 .. 

Poatmortem sho:vred a:bs.ence of gross infarction and s.ep­

ta:l artery arose from the AD branch. Injection oi' inta·c:t 

heart:: w1 th dye through the_ left subclavian artery and 

aorta_, without v.entricular cannula, _ show.ed' implanted 

IMA was pa·,tent with bramching. It filled the coronary 
1 

a-r -taries and dye. entered the heart 11s lumen. S01ne, vas-sels 

going to . the lungs were fill.ed with dye. Coronary artery 

occlusions:' showed ***' homo:coronary,: ** intercoronary ana­

s:tomas.as;~ 26 arterib.l!umina.r1.. vessels, 4 of which commun:ii­

aa.ted: wi th the heart 1's lumen .. Coronary occlus"ions showed 

AD-lOO%,: C-95% and c.ombined occJ.usion-97.5%r, whll.e, im­

PIB:lltad. DiA showed~ proxima.L-l.Gl%,: mïd-30% and distal por­

tion-50%, which w.ere ~ al1_ due to intimal pro~ifera.tion 

and thrombus -formation., The heart. wa;s: sliced corcmal1y 

and microscopie s,tudies: reveal.ed- patches; of fibrosis, in 

inner 1/3~ oi' myocardi1lm and~ pras.ence .. of dye in the in­

tramyocardiaJ. blo.od vessels. 

D<lg 40_;...lf3'2.: A. 37/ lb.. female;, mongrel dog ,., lïved 

18 5 da-ys .. wa;.s; op~erated on 12:-8-58 and. sa.G!rificed on 6,...11--59-•. 

Pos:tmortem showed abs.ence of gross infarction and the: 

s-.epml. artery aros.e · f!lom the AD branch.-. Inj ecti<Dn oi' the' 

intaa:t heart.. with dye: through the l.eft. subciavian artery 

and aor~ without ventricu1ar cannula,. shcrwed ]}a in the 

myocard1a..l tunneli. wa:s patent and dye fi1JJ.ed a11. the c.o.ro-
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PLATE NO. 35. 

X-ray photograph show injection of intact heart with the new 
Schlesinger mass through the left subclavian artery. The 
IMA implanted in the ventricular myocardium is patent for 
dye passed tlnrough into the coronary arteries, lumen of the 
he art and pulmonary blood vessels. The re is no ventricular 
cannula. Arneroid constrictors are seen with occlusion fo 
the anterior descending and circumflex branch of the left 
coronary artery. Specimen is taken from IMA dog 40-432, 
sacrificed 185 days after operation. 
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nary arteries; and alsoentered the lumen of the heart. 

S.ome o:i' the dye filled the blood vasse.ls of the ll.Ulgs; 

and the base. of the aorta .. Coronary arteries; showed *** 
homocornary,: ** intercoronary anastomosesy. 30 arterio­

luminal vessels,~ 6~ of which communicated with the .lu-

men of the_ heart •. Coronary a.rtery occ-lusions, showed. AD-60% 

C-95% and cambined occlusion-78.5%, whi1e impJ.antecr. !MA 

showed praxilna.Jl-10%, _ mid portiori-20% and distal portion 

4o$,~ which were_ a:ll_ due to intimal proliferation and 

thrombus_ formation .. The heart was : sliced coronally and 

microscopi:c s.tudias: showed normaJl myocardiunL and the 

pr_e:sence o:f dye in the in tramyocardiai_ bl.ood vessl.e.s;., 
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SERIES IV: BECK I OPERATION: (ASBESTOS CARDIO-

PERICARDIOPEXY WITH PARTIAL LIGATION OF THE CORONAR Y 

SINUS. 

General Sumrnary and Results: 

1. Number of dogs: 10 

2. Se x: males, 7. female s 3 . 

3. Weight: between 40-46 lb.s 

4. Mortality: 6 dogs Percentage 60% 

Average survival in days of mortality dogs: 24. 6 da ys. 

5. Survival: 4 dogs Percentage 40% 

Average survival in da ys of sacrificed dogs: 60 da ys. 

6. Position of septal artery: 
a) from anterior descending branch: 7 

b) from circumflex branch: 1 

c) from main left coronary artery: 2 

7. Injection of coronary arteries: 
a) proximal to arne raids: 0 
b) distal to ameroids: 10 
c) from extracardiac injections: 4 
d} cannula in ventricular cavity: 4 

8. Extent of coronary ar t e ry oc c1usions: 

Percentage: 
70% 
10% 

20%1 

No cannu1a: 6 

a) average pe rcentage for ante ri or descending branch: 85. 3% 

b) average percentage for circumflex branch: 83.5% 

c) combined average percentage: 84. 4% 

9. Coronar y anastomoses: 
a) Intracardiac anastomoses: 

1. Average for surviving dogs: homocoronary *** 

intercoronary 1. 8 times * 

2. Average for mortality dogs: homocoronary ** 

intercoronary * 
3. Overall a ve rage: homocoronary: 2.5 times* 

intercoronary * 
b) Extracardiac anastomoses: 0 
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10. Arterioluminal vessels: 
a} average number of vessels: 18.8 
b) average number of vessels comrnunicating with lwnen of 

heart: 4. 3 

11. Presence of dye in intramyocardial vessels: 
a) nwnber of hearts with dye: 7 
b} nwnber of he arts with.out dye: 3 
c) all surviving dogs had dye except one. 
d} all mortality dogs had dye except one. 

12. Sections or slicing of hearts: 
a) transverse or horizontal sections: 2 
b} sagital or vertical sections: 3 
c) corona!, right angle ta lwnen: 5 
d} no sections of the heart: 0 

13. Location of infarction: 
a} anterior wall: 1 
b) posterior wall: 3 
c) postero-lateral wall: 2 
d) no infarction. 4 

14. Microscopie findings: presence and location of myocardial 
fibrosis: 

a) endocardial portion: 5 
b} midile portion: 2 
c) no myocardial fibrosis: 3. 

Individual Swnmary: 

Dog 1-332: 

This was a 40 lb. male mongrel dog operated on March 

2, 1959 and died March 20, 1959. It li v ed 18 day s . P ostmortem 

showed left lung adherant ta chest wall and surface o f the heart, 

presence of postero-lateral infarction of LV., and the septal 

artery arose from the circumflex branch. Coronary arteries 

were inj e cte d with the n ew Schle s inger m a ss , dista l to the 
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ameroids; which showed ** homoc.oronary, . * intercoronary 

anas.tomo:ses;, ; 13 arteriolumina'l vessels, 3 of which com­

municated with the heart•s lumen. Coronary artery occ­

lusions showed AD-90S&, C-85% and combined occlusion-

87!~5%, , which were due to intimal proliferation and th­

rombus.~ formation •. The· heart . was' slic.ed transversely. 

micr.oscop:Lc~: atudies reveaJ.ed pa:.t.ches: of fibrosis_ in 

inner J.Jtr- of myocardium, nQdye in the intramya::cardial 

bload. vess.e]s:.. On the surfac.e of the myocardium was a 

moderata gia:nt celli_ foreign body reac-tian wi th glistening 

foreign body, small. number.- of dilated cappilaries,:, _ fibr.o.­

sis and chronic inflammatory rea.ction. Between the peri­

c:ardium and myoc.ardium w.ere: coronary vess:els wi th inti­

mal proliferation and dye •. 

Dog 2-453: A. 1+0 lb •. male, mongrel dogy, lived 18 

da:ys_. was, operated on 3-16-59 and died on 4-3-59 .. Post 

mortem showed postera-lateral wall infarction and septal 

aTtery arase: from AD branch. Coronary arteries were in­

jec.ted wi th dye distal to the ameroids, wi thout ven tri- ._ 

cular cannula, which showed * homocoronary '· * intercoro­

nary anastomoses.:,: 19 arterioluminal. vess-els:, 7/ of which 

communicated· wi th the hea.rt.t:s-, lumen.. Coronary a.:rt.e-y oco-­

lusions showed AD-80%,: C-9:5% and c.0mbined oc:clusion-87•·5% 

which wera due to intimal proliTeration and thrombus for­

mation. The. haart . was slice.d transversely and n0dye 1b. 

heart 1;s , lumen. Microscopie sections revealed pat'chas; o.r.· 

fibros.is -ih limer lA of myocardium and dye in intramyo ... 
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PLATE NO. 36 . 

Photomicrograph is from Beek I dog 3-435, which died 32 days 
after operation. Section shows the epi cardial layer of myocardium 
has marked foreign body giant cell reaction with glistening 
foreign bodies (asbestos}. The re are dense fi brous tissue, some 
relatively small number of dilated capillaries, numerous 
foreign body giant cells are seen. (x 175}. 
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aardial blood ves.s,els ... On the epicardium were moderate 

foreign body giant cell reaction and chronic ilîflamma­

tion with small cappilaries .. 

DQg 3-4I5J~ A 45 lb ... male, mongrel dog,~ lived 32 

da-ys:; wa;.a operated~ fln 4-1-59 and died 5-3-59 .. Postmor­

tem revealed. s:eptaJ. artery aros.e from the AD branch. 

Coronary arterj'e:s; weré. injected wi th dye,> distaJ. to 

the ameroids.:,-, withO>ut ventricular c.annula, showed ** 
homo.co.ronaxy, * intereoronary anastomo.se:s--,: l'l arterio­

lumina.l ves.sels,, _ 5 of whi'ch communicated wi th . heart.1 s; 

lumen •. Coronary artery occlusions showed AD-98%, . C-95% 

and combined occiusion-96 .. .5%,: whcih were due to intim­

a].; proliii'eration and thrombus formation.. The. heart was; 

sJ.ic.ed sagi tally and microscopie.· sections revealed. fi­

bresis in inner 1/3:. of myocardium and n01 dye in intra­

myoca.rdial bloo:d ve.s:sels •. On the. epicardi'um was a mark­

ad foreign body giant reaction wi th asbesttts, particlese. 

There, were~ dense: fibrous· tissues-, : small number.· of dila­

ted cappillarie·s:: and larger . ves:sel.s. ih this, tissue:. 

DQ'g lfo..lf:U3 t A. lf.2. lb . f ema.Ia, : mmngr.el do:g, li ved. 2.6, 

was : op:erated on 4--3-~9. and died on 4-29-59 •. Po.sxmo:rtem 

s·howed'. sapta.l.. ar ter y aro s_e· fr mm the main le ft coronary 

él'I'ter.y .. ']he coronary arteries : w.exe ihjected w!i.th dye 

distal ta,; the ameroids:7 wïthout ventricula:r ca.llllula, 

sho:wed' *** ho:mocoronary r * inter.c.oronary anastomoses;, 

ao;: aTteriolumi:b.aJ.. ves:sels.; - 5 of which communi'ca.ted 
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PLATE NO. 3!Z . 

X-ray photograph of he art injected distal to the ameroids which 
shows *** homocoronary and * intercoronary anastomoses. The 
ameroids are shown in place. Picture taken from Beek I dog 
4-413 , which died 26 days after operation. 
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with the hea.rt 11s lumen., Nœ dye·. entered the cavity of the 

heart .. Coronary a•rtery o:cclusions showed AD-lOO%, C-75% 

and combined occ:lusion-87 • . 5%, . which w.ere due to intimal 

prolifer.ation and thrombus formation. The hea.rt was s·liced 

sagita'lly., Micros;co:gic studies. r:evealed fibrosis of the 

endocardiaJ. portion of the myocardium and dye in intra-­

myocardial. bJJooù vessels .. On the apicardial side of myo­

a:a.:dium . w~e. found fi brous .. tissues, ~ foreign body giant 

c.el:t and smail. number· of bload vesse:Ls., Bé:tween pericar.."­

dium and myocaJrdium wer.e: coronary v:es.sels wi th intimai. 

prolifera:.tion and dyese. 

Dag . 5.:.447t A.. 40· :tb male;~ mongrei. dog, lived 70 

da.ys : was op.erated on 4-8-59 and sacxificed on 6-17-59 •. 

Po:s,tmo~tem showed se:ptal. aztery aros.e from the AD bra:nch. 

Injection of intact heart . with dye thro.ugh the lei't s.ub­

cla::viam artery and aorta, : wi th ventricula:r aaxmula., s:how.­

adL' extra:cardiac arteries; went ihto. the pericardium •. Ther.El 

was: nœ fillihg of the corona:ry arteries and no-' dye entered 

the heart ''s lumen •. Inj action disrta:ll. to . the ameroids showed. 

***homocorona_w:·, : ** interc.oronary anastomoses, . 20 arteriCil'­

Lilmibal. ves.sels_, 5 of which cmmmunica.ted w.d. th the lumen 

of the heart • . Coronary artery occlusions.: sho:wed AD-75%, 

C-100%, a:nd c.ombimed oc:dusiion-87 .5%, which we:re due tGl; 

intima:l. proliferation and thrombus; formation. The. hear.t 

wa'S . sl:iced coronally .. Microsco.p:ilc atudies. show.ednormal. 

myocardd:Lum:, : but na.> dye in intramyocardia:.l bl.ood ves:sEd.s .. 

The zone of foreign body giant cell. reaction was . na:rrow~. 

It wa-s.: surroll!lded~ wi th dense: hyalïniz.ed fi brous; tissua~ 



with small number of vasculaT chamnels.-

Do.g 6-662::: A 44:- lb.. maJ.e, , mongl'el _ dog ,, , lii ved 4.5 

da-ys_, was _ o:gerated on lj...:E§-59 and died <m 5-2:8-59., Post; 

mort am shaw.ed: extens:i v.e po:s.teriar wall_ ihfarc.tion oi' 

L .. v-•. ,., and s-e-:ptaJl artery a.ros.e: from the AD branch .. Corcr­

na---ry arte-ries; wer:e~ inj eœted wi th dye distaŒ.;_ to the amer­

oids, : wi thout ventricular · cannula.,_ showed; *** homocoro,_ 

nary,~ * intereoronaTy an~s.tomosasT,: 31- ar.ter.io1JlL1i.11al 

vessels,, 5 of which communicated-vii th the heart~' s; lu-

men.-. Nœ dye en te red the lumen of the hear.t.. Coronary 

artery ocœlusions_ showed AD-85%, C-65% and combined 

o:cclusion-75%,. which were -- due to. intimal proliferation 

and thrombus formation., ]he. hea.rt was: sü.c.ed corona:11y .. 

Mieros.ca]:7i~c:: s:eo:tions ravealed ext·ensive fibrosis; ih the 

middle :n/22 o:f the myocadium and dye fu intramyo.cardiai 

blooù vess:els•, Pr.e$ence of fibrous tissue-and foreïgn body 

gia.nt a.ell r .ea.ction wi th faw. bloo:d vess:eis on surfac.:e: oC 

hear,t .. 

Dag 7-468t A. 44- lb., fema:l.e, mongrel. dog,. lived. ~­

dà:~s; was op.er~ted on 4-15-59. and died on 4-24--59 .. Po:s;it 

mortem showed extensive. Jrosterior w,a]jl_ infa:rc.tion and 

s.epta:J. artery aTos.e from the AD branch .. The c:oronary 

a.rteri'es_; were injec,ted distal. to:' the ameroids wi th<!lut 

ventricmlar cannula sho:w:ed: ** homo.cnrona:ry, * interco-. 

rona:ry anarstomoses, . 10 arteriolumina1. vess:als:, . none af' 

w.ij.ich communicated wi th the he.art' s , lumen... Corona:ry art­

ery occd.usions:-; showed AD-80%,. C-75% and combined occlu--
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PLATE NO.@. 

X-ray photograph of injected intact heart with the new Schlesinger 
mass through left subclavian artery and aorta. The branches of 
the pericardio phrenic, !MA and intercostal arteries are filled 
with dye, but did not communicate with the coronary arteries. 
The ameroids and ventricular cannula are present. Picture 
taken from Beek I dog 8 454, which was sacrificed 62 days 
a ft er operation. 
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sion-7.? • .5%,-which w.ere due to . intimal proliferation and 

thrombus · .formation • .Mic:ro.sc:opïc studies. revealed exten­

sive~ .fibrosis~ in inner li/3' o.f the myoca-rdium and dye in 

intramyocardial. blood vessels~- On the epicardial side G.f 

myoc:-ardium wa:;s · hya:Illiizexl .fibrous ti~ue; smme. blood vas..-­

sels: and .foreign body giant cell. reac.tion .. 

Do-g 8-454: A. 43 lb•· maJ.e, mongr.el dog, . 1ived' 62: deys; 

was.; operated on 4-17f-59 and sac:ri.ficed on 6-18-59 •. Poat 

mortem reveaû.ed< a.bsenca o.f grss; iilfarc~tion and septaù.. 

art:ery aros.e from the ma'in le.ft coronary artery. Inject­

ion of intac:.t heart: .. with dye through the l.eft subclavia:n 

axtery and aort~ : without ventric.ular cannula., sh0W.ed~ 

extra,ca.rdia:c arteries, went to the pericardium •. There.: wa:s~ 

nœ corona:ry and . ventriculaJX ffllfrlg wi th dye •. Corona.ry 

arteri.es . wer,e inj ec.ted distal. to the ameroids. showed *** 
homoc:oronary, · .. * futerco:ronary ana·stomos:esc;, 2DJ arteriaimni­

naù.. ves:s;els., : 5 o.f which conununic.a::ted wi th the: heart' s liu­

men •.. Coronary occlusions showed: AD-lOO%, C-95% and c.olil.iûn­

ed ocelusion-97 •. 5%, which were due to intimal prolifenation 

and thrombus . formation • . The heart wa;:s_ s.licad c:.oronaliy .. I.fi­

c.ros.copd.c: sec~tions : re:veal.ed. fibrosis : on the endocardiaJ.: 

side of myocardium and dye in intramyocardiaù bloo.d ve:s-.­

sels~ The epicairdiaù. surfa:ce of myoca:rdium contained hya!""" 

lini'zed fi brous · tissue, . blood vessels~ and giant cells.e. 

Dog 9.~4t A 46 lb., female, mongrel dog, llved 5.5 

da-ys was: opera:ted on 4-22~59 and sacrificsd. on 6-16:..59 .. 

Po.atmortem showed absence of gro·s.s~ infarc~tion and. s·epta:t. 
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artery arase :from the AD branch •. Injection o.f intact 

hear.t'. wi th dye . thr:ough the:· le :ft subclarvian artery and 

aorta;_ showed. axtracardiac arteries went to the peri-­

cardium... It :filled the coronary arteries; andl the dye· . . 

entered the heaœt:1's ]Lumen .. Dye tha . .t W&$ :Ln the ventricl.e 

e.a:ma: out of the cannulaihs.erted ih the cavity .of the 

heart:. Coronary ar teri es Hho.wed *** hamoccrona-ry, * in­

tercoronar:y anastomoses., : 2.3 arteriio'itumina~ vess:els, . 4-

oi' which c.ommunica.ted wi th the heart 11 s.; lumen.. Coronary 

artery occlusions.; showed AD-65%, C-6.(1% and combined 

oc.cl.usion-62:..5%,: which v1.er.e due to intima;] prolifera­

tion and . thrombus ~ forma.tion. The heart . wa.s sliced c.oro-

11.aJ..ly .. Micro.sc:opi:c.: sotudies revea:Ied normal myocardium 

and dye in intramyoca,rdiail ves.sels .. The. as.bes.,to:s~ layer. 

on the surfacee.: of · myocardium wa.s, thin win hya-J.inized. 

fibrous , riin, . conta.ined occasd::onal sma1.1 ca.pillaries: 

and foreign body giant. cell reaction., 

Dcrg rof-ltOa: A 45 :Jlb-. male, m0ngrel dog, Jlfved. 51+· 

days_; wa.s.; o.perated an 4?-a4-5'9 and. s~ri:ficed on 6;_17-5'9 •. 

Pos:tmor.tem showed abs.ence of g;rosa: in:fa-rcticm and s.ep.­

tal. artery aros'e :from the AD branch., Injee:tion oi: intact . 

heart·. w.lith dye: thro.ugh left_ Sllbclavian artery and a .orta 

showed. extra.cardiac ar:teries. went t a.: the peri cardium., 

There was.; nOJ filling of the coronary a~rteri·es . and lumen 

at' heart. Inj ec~tion dis.ta-1 to. the ameroids · showed *** 
hœnocoronary, ** in t er.coronary anas:tomo s e s.:,, 15 · ar t e rio~ 
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luminal, 4 of' which communicated with the lumen of' the 

heart •. Coronary artery occlusions showed AD-80%, C-90% . 

and , combined occlusion-85%, which were due to intimai 

prolif'era.tion and thrombus formation. Micros.copic s_tud­

ies. ravealed nGrmal myocardium and dye was present in 

intramyocardiaJ. blood vessels .. The asb.es.tos layer was. 

thick and contained f'obroua: tissue, moderate number of' 

capillaries.and foreign giant cell. reaction •. There were 

womewha_t~. larger bloard ves.sels found in the granulation 

tissues .. 
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SERIES V: THOMPSON-RAISBECK OPERATION: C.ARDIO-PERI-

CARDIOPEXY BY THE USE OF TALCUM. 

General Summary and Results: 

l. Number of dogs: 10 

2. Sex: males 6, females 4. 

3. Weight: between 38-50 lbs. 

4. Mortality: 8 dogs Percentage: 80o/o 

Ave rage survival in da ys of mortality dogs: 12. 4 da ys. 

5. Survival: 2 dogs: Percentage: 20o/o 

Average survival in da ys of sacrificed dogs: 69.5 da ys. 

6. Position of sept al artery: Percentage: 
a) from anterior descending branch:7 70o/o 
b} from circumflex branch: l 10% 
c) from main left coronary artery: 2 20o/o 

7. Injection of coronary arteries: 
a} proximal to ameroids: 2 
b) distal to ameroids: 8 
c} from extracardiac injections: 2 
d) cannula in ventricular cavity: l 

8. Extent of coronary occlusions: 

No cannula: 9 

a) aver. percentage from the anterior descending branch: 80% 
b) aver. percentage from circumflex branch: 79o/o 
c) combined average percentage: 79. 5o/o 

9. Coronary anastomoses: 
a) Intracardiac anastomoses: 

l. Aver. for survi ving dogs: homocoronary *** 

intercoronary ** 
2. Aver. for mortality dogs: homocoronary 1.5 times* 

intertoronary 0. 75 of * 
3. Overall average: homocoronary 1 . 8 times * 

intercoronary * 
b) Extraca rdiac anastomoses: 0 
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10. Arterioluminal vessels: 
a) Average number of vessels: 16.9 
b) Average number of vessels communicating with the lumen 

of the heart: 1. 6 

11. Presence of dye in intrarnyocardial ve s sels: 
a) number of hearts with dye: 6 
b) number of hearts without dye: 4 
c) all survi ving dogs had dye 
d) the mortalitydogs had dye in only one hal{ of the cases. 

12. Sections or slicing of he arts: 
al transverse or horizontal sections: 3 
b) sagital or vertical sections : 2 
c) corona!, right angle to lumen: 5 
d) no sections of the he art: 0 

13. Location of infarction: 
a) anterior wall of LV: 4 
b) posterior wall of LV: 1 
c) postero lateral wall of LV: 1 
d) no gross infarction: 4 

14. Micro scopic findings: Presence and location of myocardial fibrosi s: 
a) endocardial portion: 3 
b) middle portion: 0 
c) epicardial portion: 0 
d) scattered areas: 2 
e) no myocardia1 fibrosis: 5 

Individual Summary: 

This was a 50 lb. male mongrel dog operated on February 

11, 1959 and died F e bruary 24, 1959. It lived 13 days. Postmortem 

showed left lung was ahderent to the surface of the heart, presence 

of anterior wall infarction and septal artery arose from the AD 

branch. The coronary arteries were injected proximal to the 

arneroids, and showed * homocoronary and * intercoronary 

:J 
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~hera were 11 arterioluminal vessels, 2 of vthich commu­

nicated wi th the hea:rt 1 s_ lumen. There wa.s no- cannula 

and dye in the _ v.en tricular lumen as shawn by trans~ 

versa se-etions of the heart., Coronary occlusions; show!'"' 

ed AD-85%, _ C-60% and combined occlusion-72.,5%,; which 

were due to intimal proliferation and thrombus forma~ 

tion .. Microscopie studies revealed s_,trips: of fibrosis; 

al.ong endo.cardial portion of myocardium and no dye in 

the L'r1tramyocardial blood v.essels .. The epicardial. layer 

contained hyalinized fibrQsis with some blood vessels 

and foreign body giant _ cEll reac.tion due tœ ta-lcum .. 

Do:g :2!-119: A 48 lb •. fema.le, mongral dog, lived 10: 

dazy"s; was oper.a_ted on 2-25-58 and died on 1-7-59 •. Post.-­

mortem sho.wed pos,teroJ-la.teraili infarction and septal art­

ery ar ose fr am tha cïraumflex branch. Inj ec..tion proxim­

a~l to the ameroids> wi thout ventricula·r carmula., -showed 

** homo_coronary , ; * intercoronary anastomoses, 8 arterio. 

luminal._ v.essels; one of which communicated wi. th the hea­

rt''s lumen •. Coronary occlusions showed AD-65%, C-75% and 

combined oaclusion--70%,- which we.ne due to intimalproli­

fèratiDn and· thrombus formation. The heart was slice.d 

t:cansvers.ely.., Micr_osco_pic atudies. revealed figrosis in 

endocardia.l. portion oi' myo·cardium and na. dye in ihtra­

myocardial . blood ves-sels• Epicardium-had hyal:inize.d fi­

bresis,; little amount of aa·pillaTies and giant: cel.ls-:. 

Do_g l~L.-4: A 38 lb., male, mongrel dog, lived 12. 

days:: was ogerated on 3-:..2--59 and die:d on 3:-14-59.. Post:. 

mortem showed anterior wall infarctian and s~tal art-
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ery aroae: from the AD branch .. Injec·tion distal to the 

ameroids wi thout ventricu.lar cannulac sho~Jéà * homo.coro­

nary,: a interc-aronary,anastomOs:as:r.l-5 arterioluminal 

ves.s:el.s' none of wt:t-ah communic:ated wi th the.! heart 1 :s 

lumen.. Coronaxy occlusions; showed. AD--55%,: C-8 5% and 

combined occ-lusion-70%, which were due to ih tima.l. J2XO­

I.i.i'èration and thrombus formation., The heart was: sliced 

transvers:e:ly .. Micros.copic studies revealed tiny fibros.is.: 

ib. myo.:cadium and sorne dye in i:htramyoœadial. ve.ssels., In 

ep±cardium wer:.e foreign body giant cel~ reaction, few. 

capillaries.: and hyalihi:z:ed~ fibrous. tissues .. 

Do.g 4.-474: A. 46 lb •. male,. mongrel dog, lived 73. 

day a was o.J2.erated on 4-8-59 and sacrific·ed on 6-IO-59 ... 

Pos:tmortem showed abs:ence of' gross . infarction and sa:g­

tal artery a:rose·~ from the AD branch .. Injection of in­

tac.t heart wi th dye through 1aft subcla.vian artery and 

aortat, - withQut ventriculru:r aannula.,~ show.ed extracardia.c 

arteries:: went to ~ the pericardium •. The coronary arteries , 

and ventricular lumen did not f'ill. with dye .. Ihjec~tian 

distal. to the ameroids . showed AD-95%, C-80~ and combined 

a.cclusions:~7Î.-5%, . which were due to intimai proliferation 

and thrombus·. formation •. There were *** homa:corona:ry ,: ** 
intercoronary anastomoses:, . and the heartwas sîiced tran~ 

sver..sely. Microscopfc studies:.; reveaiBd normal myocardium 

and dye in intramyoc:ardial vessels;. .. E:Qicardial layer bad 

giant celis, . hya:linizad fibrosis and ca-p:illary spaces;.. 
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PLATE N O. 39 . 

X-ray photograph of he art inj ected distal to arneroids which 

shows *** homocoronary and ** intercoronary anastomoses. 

Picture taken from talcum dog 4-4 74, which was sacrificed 73 

days after operation. 
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Do:g 5-lr76: A 48 lb •.. male, mongrel. dog,~ lived l8 

days -wa:s:: operated on 4-10--59 and died on 4-28-59.Pos:t 

mort'em showed posterior wall. infacrion and septal art­

ery aros.e:: from the main left. coronary artery. Injection 

dis:taJL to the ameroids: wi thout v.entric.ular· cannula. show.ed 

** hQI!lClCoronary, ** ihtercoronary anastomoses~ l6~ arter­

iol:uminal vess;els,. 2: of whjj.ch communicated w.i th the hea­

r.t•:s~ Jlumen .. Coro:na:ry ar.tery ~clusions; show.ed~AD-95%,: C-

85-!. and combined occlusian-87.5%, . which were. due ta in­

tii:naJJ prol-ifera.ti:on and thrombus formatïon .. The heart 

wa;,s:; sl:ice:d sigi taJ.Iy. , Mfcroscopic s:tudies. re-vea:led f:L­

b:rosis; in inner.:· l/J o:f myo.eaœdium and no: dye in intra­

myocardial blood vesseis~ 

Dog 6~73t A 46 Ib •. female, · mongre:L dog wa.s: ow­
era.ted on lf--ll:I-·59· and sa.c:ri.fia:edi cm 6-IB-59: and llV.ed 

6K days:. Po:sJtmortem . sho:l-red. septal artery ar.·asa from AD 

bram ch.. Injection of in tae.t:. hear1i: w1 th dye. thro_ugh I .ei't 

subclavian artery and aorta, wzLth v.entricuiar cannu.JJt.,; 

showed extra:c:ardiac:· arteries~, went tG the: penicardium. 

Na: fillib.g of coronaa:y arteries: and heartJ:s J!_umen. In-

j ec.t1on dis±al. to the ameroids . showed *** h<Dmo:corona:ry 7: 

** ihterc:oronary anas,tomose:s:,; 2:L arter.iolum:ilna.1. vess.els:,, 

2: of which c:ommunicated wi th the heart t:s lumen. Coronany 

a.r.tery occlusions-.> showed AD-lOO%, C-90:% and combined occ:!­

ltusiOn.-95%,: which were: due to; ihtimaJ. prolifen.a.tion and 

thrœnbus · formation .. The heart.: was:: sllced coronally. Mie.-­

ros:c:o-pic s.ec·t:Lons·; revea.Jled· normal: myocardium a:nd dye: ih 
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PLATE NO. J;.o. 

X-ray photograph of injected intact heart with new Schlesinger 
mass through left subclavian artery and aorta, which showed 
no extracardiac anastomoses. Picture taken from talcum dog 
4-474 sacrificed 73 days after operation. 
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ihtramyocardial vess.els •. The Epicardium showed hyalinized 

fibrosis, . foreign body giant cell reactions and few new · 

<Iap:illarie s.. . 

Dag 7,Jr8~t A 40:· lb .. male, mongrel dog,. lived 10. 

days; wa.s operated on lt-1.7"-59 and died on lr-27-59 • . Po_s;t 

mort.em showed anterior wall. infarction and saptal art­

ery aros.:e · from AD branch. Inj ec:tions: distal to the: ame-

ro ids . wi thau t ven tricula.r cannula., showed ** hcmt1ocoronanz-, 

* ihter.coronary a.na.:stomos.es:, 22 a--rteriol.umina.l. ves-.sels;, 

J o.f which communica.ted with the heart 1's lumen .. Coronary 

ocelusi'ons .: showed: AD-WO-%,~ C-80% and combined occlusicm-

90~%·, : whïch were: due to intimai. proliferation and thr<1llll-

bus forma:..tion.. The hea;rt: was s.iliic.ed cronally and no dye 

wa;s; round in heart~s lumen. l1icroscpJ;:f'c: studiea rev.eal.ed­

fibrosis , in endocardial portion of myocardium and dye in 

ihtr.amyocardia.I_ v.e~els. Ep:icardia.l lla.yer· has: extensive 

ar:ea en' giant cell r.eacticm,~ smme capillariesë and fibrosd.s:.-

D@'.g~ 9;..ly.6lf.: A. 4cr~ lb.~ female7: mongreJ.. dog , : .li ve:d, 1-J 

dà.ys; was, opera.ted on 4-24--59 and died on 5;__7-59. Pos;tmor.'­

tem showed. abs:ence. of gros-s:; infarction and s-ep.taJi. artery 

a-ros..a: frœm thEr. AD branch. Inj e.c:tion distal. to the amerojjd·s; 

without ventricular· ca:nnuia. sho:w.ed * homo:coronary, * inter 

c.oronary anaoatomo:se$,; 18 art:e.:r:doluminall. v:e:s.-se:Ls:,: one. of' 

whi«h c:annnuniaated-with heart 1's: lumen. Caronamy arter_y 

o:acdusions sho.wed. AD-75%,: C-90% and combined oc.clusion-

82~.5%, : which WeJre due t 0; intimal proliferation and thrŒ-. 

mbus -.formation. The hear.t was· sliced c:orona:ll.y and n<l>J dye 
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PLATE NO.lpJ:: . 

Photomicrograph of heart which shows extensive foreign body 
giant cell reaction, some hyalinized fibrosis and sorne new 
capillaries in the epicardial layer. Picture taken from heart 
specimen of talcum dog 9-464. (x 200}. 
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was: found in the lumen of the heart .. Microscopie studies; 

showed normal. myocardium and dye in intramyocardial ves­

S:Eù .. s: .. Ep.icardia.J.. layer had foreign body giant celJi and 

seme hyalihiz-ed .. fibrosis~ and some. new. capillaries. 

Dog l.a-452.: A 42. lb ... female, mcmgre1. dog,: lived- 26 

days . wa.s operated cm 4-2;5-59 and died on 5~0-59 .. Post.­

mortem showed. no. gross infarction and s.eptaJ. artery a~ 

ros:a from the AD branch., Inje.ction dis;tal to the ameroids.' 

wi thout ventricular cannula.,:· showed * homocoronary , : 0 in­

tercoronary anastomos.es.,) 10:· arteriolumina:.l vessels, none 

of' which cammunica:.ted. with the he.art' s ; lumen. Coronary 

occlusions showed- AD-80%, . C-75% and combined occ:l.usion-

77· .. 5% which w.era due to ihtimal proliferation and throm­

bus: forma.tion.. The heart: was siL.iic:ed Qoronally and no; dye: 

was; se:en ih ca:vity of heart. Microsc.op1."c studies reveaJledi 

normaill. myocardium and dye_ in intramyocardial. ve.s-sel.se. The;· 

epica:rdium . contained foreign body giant cel1 reaction,: 

hya.J.ihiz-ed. fibrosis : and seme cap_pillaries_. 



SERlES VI: CARDIO-PERICARDIOPEXY WITH SODIUM SALICYLATE 

5% SOLUTION. 

General Summary and Results: 

l. Number of dogs: 5 

2. Se_)(: males 3, females 2 

3. Weight: between 35-52 lb. s 

4. Mortality: 4 dogs Percentage: 80% 
Ave rage survival in da ys of mortality dogs: 13 da ys 

5. Survival: 1 dog Percentage: 20% 

6. Position of septal artery: Percentage: 
a) from anterior descending branch: 3 60% 
b) from circumflex branch: 1 20% 
c) f:r.mn main left coronary artery: 1 20% 

7. Injection of coronary arteries: 
a) proximal to ameroids: 3 
b) distal to ameroids: 2 
c) from extracardiac injections: l 
d} cannula in ventricular cavity: 0 

8. Extent of coronary artery occlusions: 

No cannula: 5 

a) aver. percentage for anterior descending branch: 83% 
b) aver. percentage for circumflex branch: 75% 
c) combined average percentage: 78.8% 

9. Coronary anastomoses: 
a) Intracardiac anastomoses~' 

l. Average for surviving dogs: homocoronary *** 
intercoronary * 

2. Average for mortality dogs: homocoronary: * 
intercoronary 0 

3. Overall average: homocoronary: 1. 4 times * 
intercoronary 0. 8 times * 

b} Extracardiac anastomoses: 0 
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10. Arterioluminal vessels: 
a) average number: 17 
b) average munber of vessels communicating with the 

lumen of the heart: 1. 7 

11. Presence of dye in intramyocardial vessels: 
a) number of hearts with dye: 2 
b) number of hearts without dye: 3 
c) the survival dogs had dye in the intramyocardial ve ssels. 
c) all mortality dogs had no dye in the i ntramyocardial vessels , 

except one. 

12. Sections or slicing of hearts: 
a) transverse or horizontal sections: 3 
b} sagital or vertical sections: 0 
c} coronal, right angle to lumen: 1 
d} no sectioni ng of he art: 1 

13. Location of infarction: 
a} ante ri or wall: 2 
b) posterior wall: 2 
c) no gross infarction: 1 

14. Microscopie findings: Presence and location of myocardial 
fibrosis. 

a) endocardial portion: 2 
b) middle portion: 1 
c) epicardial portion: 1 
d} no fibrosi s: 1 

Indi vi dual Suxnmary: 

Dog 1-433: 

This was a 46 lb. male, mongre l dog operated on 

January 29, 1959 and sacrificed June 9, 1959. It lived 132 

da ys. Postmortem showed left lung adherent t o surface of 

heart, abs ence of g r oss infar ction and the s eptal artery arase 

from .AD branch. Injection o f intact heart , with new Schlesinger 
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PLATE NO. lt~ . 

X-ray photograph of injected intact heart through left subclavian 
artery and aorta, showing branches from pericardio phrenic, !MA, 
intercostals going to pericardium. There is no filling of coronary 
arteries, indicating no extracardiac anastomoses. Picture taken 
from salicylate dog 1-433, which was sacrificed 132 da ys after 
operation. 
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Dla'.Ss through left subclavian a-rtery and a~rta·, .. wi thout 

ventricular cannula:-., showed ex::traaardia-c arteries · went . 

ta_:. the pericardium •. Injection distal to the ameroids 

showed *** homocronary,. *- intercorona-ry anastomoses:. 

28 arteriol:umina'l.. vesael:s.,, ; 4 of which ccmzmunfcate.d nth 

heart 11s lumen •.. Coronary artery occlusions showed AD-80%,. 

C-98.% and combined oc:aJ.usion-89%,- which we:re·~ due to ih­

timai. proliferation and thrombus ' formation.. The~· he.ar.t : 

was:; s1iced . c:oronally and no.dya found ih lumen of hear.ii .. 

M~cr.os:copfc.· s.ections. ravealed. patc:heS5 of fibrosis ih 

the epi cardial side of myocardium and dye ih in tramyo_,_ 

cardial vess.els• Epicœrdium conta.ihed ihflalnmatory c.ells 

interposing s:0me fibrous_ ti·ssue and s:c.anty capz5illaries:... 

Dog 2~12t A 35.; JJb •.. dog,. l.tved 17 · days,: wag,: opera~ 

ted on JL-28-59 and died on 2;;...14--59 ... Pos:tmortem sho'IITS.d 

infare.tion til. pos-terior wall· o:f L • .V .. , : and sep tai. artery 

aross: from the ciraumflex branch. Injection proximal. ta 

the ameroids without v-entriCUJ.ar cannula, . s.howed * hœno .... 

c.oronary, 0 in tercorop.ary ana::s-±omose:.s,-, 8 arteriolumihal 

vesseJ.so,, nene of whi.ch cœmnunicated with the: heallt t:s; 

l;'Umen •. Coronary occlusions sbowed Ad-70%, : C-95% and 

combined oc.cJ.usion-82 •. 5%,: which '\-Te:re due to intimai. 

prollfevation and thrombus: formation. The heart. was; 

sliced. transver.saLy .. Microscopie s:ections ravealed fibre­

sis in iimer lt'3 of myocardium and no_ dye in ihtramya­

csrdia:l vess.els .. Epicarditlm contad.ned hyalihïz:ed fibro-

s is.' and some capilJ.ia:ries .. 
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PLATE NO. 4-3 . 

Photomicrograph of section of heart showing hyalinized fibrosis 
with sorne capillaries in the epicardiallayer of the myocardium. 
Picture taken from heart of salicylate dog 2-412, which died 17 
da ys afte r ope ration. (x 20 0). 
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Dag, 3-428:. A 52 J.:b •. female, mongrel dog, : lived~. 12. 

days : was : operated on 2-2~59 and died on 2._-.14-59. Post.­

mortem 'S'how.ed: anterior wall infarc.tion and s:eptal a:rt­

ery arose. from the AD branch ... Injection proximal to the 

ameroids witho.ut ventrlculaT cannula showed * homon.oro~ 
nary, C.: interc·orona:ry anastomoses-, 7/ arterioluminal ves~--­

s.els:7:: no rie of which communicaèted . wi. th the heart ' !s -lumen •. 

Corona.ry artery o.cclusionSc show.ed' AD-95%, C-65% and com­

bined ooc:l.us-ion-75%, which were due to. intimai prolifer:­

a:tien and thrombus formation. The heart _ wa.s. slice:d trans ... 

v-er.s:e]y and no.olye was~ found in ventricular aavity. Micro:­

scap±c s:ec:tions~ re.vealed fibrosis- in endocandiù. portian 

of myocardii.lm and na.~ dye in intrpyo.cardial vessels .. Ey!l­

o:ardium contained granulomatous .-reaction,. fibrosis_ and. 

some capillaries• 

Dog lt-414t A.. 46l:b., male, : mongreJ.:. dog, . l ::t.ved, 2Q; 

~s_; was opera.ted on2-4-59 and died on 2.'-24-59.-. Pos,t..­

mortem shm..red. ante-rior wall. infa·r .c±i<m and se.ptaL art-­

aros.a from the · AD branch ... Injection proximal to the: 

amer.oids.:,; wi thout ventricular cannul:a., showed * homo:..._ 

coronary , . Œ in t ercoronary ana:stomoses-r. 1.9 arterioiuo. 

mihal ves:sels:,. 3 of which comm:uni.cated 'tvi th the heart!s; 

l:'umen • . The heart was s.liced tranSJl,ers.ely and dye_:· was: 

found in ventricula;r cavity., Hicros.c.op·ic s:ections.; :u.e-.... 

fibrosis in the middle: third of the myocardium and dye 

in the intrainyocardial. ves.s.els. Epicar.dium contaied;_ 

, 
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granu.Lomatous reaction,~ fib:vosis and sorne small. blood 

vess:els;... Coronary oc:e:lusions showed .AD-90%, . C-60:% anà 

combined occlusion--7.5%, . which were due to intimaiL pro ... 

lîferation and thrombus formation." 

Dog 5~336i A. 52: lb .. femaù.e; mongrel dog,. lived 3 

dàys was.~ OJrerated on 2~9-59 and died on 2.-12~59 .. Pos.t 

mortem showed: pos:b.erior: wall. infarction and aepta:L art­

ery aros:e:: from the. AD branch ... Injection o.f the doronary 

arteries~ dis.ta;l to . the ameroids, wi thout ventrlcular:­

ca.nnulao.,, showed: * hœnac.oronaTy and. O. in terc.oronary anas_+-· 

tomo.ses .. Coronary artery occlusions. showed AD-80$, C-65% 

and combined ocalusion-72:..5%, which vrere • due to intimaJ._ 

proliferation and thrombus formation .. Nicroscop±c. sect~ 

ions revealed· normaL. myoca:rdium and no dye in the intra­

myoca:dial blood vesselse.. The epi:ca.rdiilm show.ed granulomru­

tous .. reaction, fibrosis; and no.: ne.w; cap.jjllair~es:e. 
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SERIES VII: ARTERIALIZATION OF CORON AR Y SINUS WITH LEFT 

INFERIOR PU LMONAR Y VEIN AN~'!'OMOSES. 

General Summary and Results: 

1. Number of dogs: 5 

2. Se x: males, 4 and female s 1 

3. Weight: between 40-50 lbs. 

4. Mortality: 3 dogs Percentage: 60o/o 
Average survival in da ys of mortality dogs: 23 da ys. 

5. Survival: 2 dogs Percentage: 40o/o 
Average survival in da ys of sacrificed dogs: 188 da ys. 

6. Position of septal artery: Percentage: 
a) from anterior descending branch: 4 80o/o 
b) from circumflex branch: 0 
c) from main left coronary artery: 1 20o/o 

7. Injection of the coronary arteries: 
a) proximal to ameroids: 1 
b) distal to ameroids: 4 
c) from extracardiac injections: 1 
d) cannula in ventricular cavity: 0 No cannula: 5 

8. Extent of coronary artery occlusions: 
a) aver. percentage for anterior descending branch: 90o/o 
b) a ver. percentage for circumflex branch: 86o/o 
c) combined average percentage: 88o/o 

9. Coronary anastomoses: 
a) Intracardiac anastomoses: 

1. Aver. for surviving dogs: homocoronary 2. 5 times * 
intercoronary ** 

2. Aver. for mortality dogs: homocoronary 2. 6 times * 
intercoronary * 

3. Overall average: homocoronary 2. 6 times * 
intercoronary * 

b) Extracardiac anastomoses: 0 



... 208 -

PLATE NO.~-

X-ray photograph of heatt whose coronary sinus and inferior 
puhnonary vein anastomoses was injected with dye. The anastomoses 
is patent and coronary arteries showed good anastomoses. Picture 
taken of he art of PV dog 1-390, which was sacrificed 90 da ys after 
operation. 
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10. Arterioluminal vessels: 
a) average nurnber of vessels: 15.5 
b) average nurnber of vessels communicating with lumen of 

heart: 4 

11. Presence of dye in intramyocardial vessels: 
a) number of hearts with dye: 5 
b) number of hearts Wi.thout dye: 0 
c) all surviving dogs had dye 
d) all mortality dogs had dye 

12. Sections or slicing of he arts: 
a) transverse or horizontal sections: 3 
b) sagital or vertical sections: 0 
c) corona!, right angle to lumen: 1 
d) no sections of heart: 1 

13. Location of infarction: 
a) anterior wall: 0 
b) posterior wall: 2 
c) ante rior and posterior walls: 1 
d) no infarction: 1 

14. Microscopie findings: Presence and location of myocardial fibrosis: 
a) endocardial portion: 2 
b) middle portion: 1 
c) epicardial portion: 0 
d) no myocardial fibrosis : 1 

Individual Summary: 

Dog 1-390: 

This was a 41 lb. male mongrel dog operated on August 

18, 1958 and sacrificed on Novem b e r 7, 1958. It lived 90 

da ys. Postmortem showed left lung was adherent to chest wall 

and surface of the heart , absence of infarction and septal artery 
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PLATE NO . ~5: 

Microphotograph of a section of coronary sinus anastomoses with 
left inferior pulmonary vein. The sinus is patent with slight 
intima! proliferation. Picture taken from PV dog 2-364, 
sacrificed 287 days after operation. 
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a:Tosa from the AD branch., Injections prorlmaili. to . the ame-. 

raids·.: wi thout v entricular _ cannula. showed **' homoconana:ry,­

and **' intercorona.ry anastomose:se. Coronary occlusions.; co.uld 

not be determined for the spia.emen was~ loat, and therei'ora­

mcr. s.ections could be obtained •. 

Dog 2:.:..-}631 A 5Œ lbe;. mal'e, mongrel dog,. li'ved. 2BT days> 

wa;s opera·.ted on 8-2l--58 and sa;.crificed on 6~9 .. Pos,tmor­

tam showed: s:aptal . axtery aros:e from the~ AD bra.nch .. Inject ..... 

ion of the intact_ heax~t through the JJeft S:Ubclavian ar.tery 

and aorta. wi thou t ven tr.icular cannula showed extracar.diac­

ar.teries; w.ent to the.· gericardium •. There:' wa.s no .. fiilling of 

the coronary arteries~. Injec.tions . distal·. to the: ameroids . 

showed: *** homocorona~ry, : ** intercoronary anastomo:sa:s~ 1.5 

a-rterïoluminal-. vess:els;) 6) of' whïch communi:cated wi th the 

hea:rt''s lumen •. Coronary occlusions showed AD-85%,, C-95% 

and combined occlusion-90%, __ whi:ch were due to intimaJJ. pro­

lifera.tion and thrombus_; form&tion., The heart was.· s.liced coro 

nally •. Inferior pulmonary vein and corona:ry sinus ; ana•stomo ... 

s is . was~ patent wi th some in timal thickening, . s·o mu ch so 

that the sinus.: app_eared like an artery .. Microscopi:œ s.aut­

ions , r .evealed•. norma.J.. myoca:rdium and dye in the intramym­

cardial vessal·s _ and sinusoids ... Ep_icar.dia:l. layer showed. 

:RJ.enty of ne'\v.. bload ves·sels . filled '\vi th bll.iind. Thar a: was; 

very littl'e fibrous tissue reactions. 

Dag 4-rzz:: A. ~- lb. mal e, mongrel dog, lived. 2.4-

days:: '\.zas _ opera t ed on 10- 15- 58 and died on IOI.--13-58 .. Po s,t~ 
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PLATE NO. 46-A 

X- ray photograph of normal dog 3-400 injected with 
the new Schlesinger mass in an intact heart, through 
le ft subclavian artery and aorta. The re i s a ventri­
cular cannula. There is no extracoronary anastomoses 
seen in spite of the fact that the aorta and its branches 
are filled wi th dye. 
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PLATE NO. ~: 

X-ray photograph of injected intact heart with the new Schlesinger 

mass through the left subclavian artery and aorta, shows branches 

from pericardio phrenic, IMA, intercostals, esophageal and 

bronchial arteries which go to the pericardiwn, but no filling 

of coronary arte ries, indicating absence of extracardiac anas­

tomoses. Picture taken from PV dog 2-364, sacrificed 287 days 
after operation. 
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mortem showed pos.terior waLl infarc.tion and the aeptal. 

artery arose· fnom the main left _ coronar.y artery •. Inje~t;...­

dis.ta.JJ. to the:. amerois w.i thout ventricular cannula showed-. 

**-* homo.coronary, _ * intercoronary anastomos:e:s;: li7 a-rteD.I.o­

io1umiha;l;. vess..els;, 3 of which connnunicalted wi th the-

hear.t' s · lumen •. Coronary axtery occlusions. showed AD-95%" 

C-80% and combined occlusion-87. .. 5%,, which _ 'iler.e: due tG; 

iiltiina:I. prolifera:tion and thrombus formation •. T-he hea.r.t 

wa:s sliced trane;vers:.ely and no ' dye was~ found in the lu-

men o.f the _ hea:rt .. Microsc-op:Uc. sections · rev.ealed. fibros:.is.· 

in middle third , of myo.caxdium and dye in in tranyoca:rdia:Ji 

vessels•· Bètween epica:rdium .and myoca.rdium wer.e capii:L.Iaries.-

Dog 5-3lZ: A. 40 -lb ... female,- mongrel . dog, : l!ived 12: 

days; wa.s _; operated on IŒ--29-58 and died on l:U.-10;...58,._ Post ... 

mortem showed: anterior and po.sterior -wall ihfare..tions · and 

s-eptal·. ar_tery ax.os:e _ from the AD bran ch.. Inj action dis.ta:L 

to the: ameroids; without ventricula;r cannula:_, showed ** hajOo 

coronary , : * interc:oronairy ana1s-tomoses·;- l.fi' arteriolumina.Jl. 

v-es.s:el-s_, 4: o.f which cœnmunicated . wi th the heart ~s .. lumen .. 

Coron~ry occlusions sho:wed; AD-90%, C-90% and combined: 

occlusion-90%, which were due to intimal proli~eration 

and thrombus . formation., T-he heart was .. sliic.ed trans:v.errs.e~ 

liy., Micros.co,piic . sections revea1ed;_ fibros.is_, iil epicardia-JL 

portion of myocardium and dye in intramyoca:rdiaill. vesse1s:.. 

Bè.tw:een pericardium and epicardium thera was: planty of 
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bl:oaù fiJŒ.ed. aa:pi:Llaries. . 

Da~ Ôl-399: A. 50) ].b., mailiay. mangr.el. dog-_' li V:ed. 28 

d.alys:; was: oJrerated cm. Jl.l.-5.:..58 and: diad; <m .12.-'-}-58. 

Po:atmartem shcnv.ed pos.tarian· wa.:u fufaretiCill a.nrl 

s:eptal... ant.ery ar_o s.a: from the AD branc.h. Ihj eetd.ons; 

di.s.,ta:JL to~ the amw.o:id.S;,: w:Lthout·. vsntl!ic:ruJlar· cannu:Iia. 

shOOledi *** h<iiilla.cronany, * m'tiln!co.ronary anastomo·s.:es;, 

JLJ: arteri!o1umib.aJL vass.e=Is;,. 1: Œf whiah <Wmmunicated 

with the lumen crf the haart• Coronaxy ar.te:ny- o:c:e:lm­

s±:cms; show.ed: AD-90$, C-80$ and c.ombiiled acaiusion-

85%,~ which w.ere~ due.~ tœ XntimaJl. :Rralli:f'èrati'on and. 

thrambuffi formation.' Thaheart~ '(.aS; $liiasd~ transversa-

]y and na:: dye · was: round in the va.vi·ty Œf' the heart.e. 

Mi<œ.o.ac.ap:li.c. aactions:: reveailied. fibrQsd;s; . .ful thœ endoc.ar.di­

a:t. :R.Ortion of the,· myocëœd:lum. and . dye ih the: intr.amyOJ­

<m.rdiall. bLo<ï>d vesse.I.s:e. There-_ w:ena: bltm:d f:Ll].ed ~ 

i:L:La:ries; be..twaen . per.icar.dium . and ep-icarùi'Um. 
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Tl~BLE 11 SERI:t;S 1 CONTROL ill TH ..i-.1-'LEE OIDS Arterio- 216 
Dog Date of Date of T.ime Position Locatio~1 Homocoro- rn•.:cr Extra lumil.al Dye in Sectiol.- E.xtent o:i: Location of hyocardial 

Number Operation Death or Lived in of Septal r- of nary c ....,ronary Cardial vessels Lltramyo ing of Coronary Fibrosis 
Sacri:ücE da ys '\rtery In faret- ·.nastomo- A11c:. s tor:.o - Coro.1ary & those cardial he art Occlusion 

ion ses s es l nastomo communi- Vessels 
ses ca ting 

with 
lumen of 

he art 
L-378 7-28-58 9-1-58 34 AD .tmteriOl ,Jo X Ray For Specimen \vas lost . 87.5% 

1vall 
3-403 8-4-58 8-17-58 13 AD Anterior ± i: ± 0 10 ' ( 1) 0 transver- 8b. 5% Fibrosis-inner 1/3 a/ 

wall se ~.yocardi....m 

4-380 8-6-58 3-16-58 10 c : Ànterior i: ± ± 0 12 (2) ± transver- 82.5% kiddle and inner 1/3 
'"a 11 se 

5-344 8-6-58 9-9-53 33 AD Posterior i: i: 0 c l\ot don ~ ± 90.% Inn er 
, 
, of !-1yo -

\'lall caràium 
6-405 8-7-53 3-13-58 6 c Postero- 0 0 0 1:ot don c 0 77.5% Inner ~ .. F Myocardium 

Lateral 
v1all 

14-308 8-21-58 3-4-59 195 * i\D :~one ± i: i: ' ± ± 0 5 (0) i: ~ransver- 87.5% None 
se 

28-413 9-18-58 3-4-59 167 * AD None ± ± i: ± 0 10 (0) ± Transver- 75% None 
se 

30-381 9-22-58 10-6-58 16 LC lmterior i: 0 0 9 ( 1) ± rrransver- 97.5% Endocardial Portion 
wall se 

32-313 9-24-58 3-4-59 161 * AD l\Jone ±-± i: i: i: 0 8 ( 1) ± Transver- 77.5% None 
se 

6-303 10-20-58 11-18-58 28 1\D IPosterior 0 0 0 Not done 0 None 92.5% Middle & inner portion 
1all of Myocardium 

2-:-387 10-30-58 11-20-58 30 AD Anterior i: ± ± 0 Not done 0 None 90% Epicardial and 
\vall Endocardial Portion 

3-430 11-26-58 12-21-58 25 FJ) Postero- ± 0 0 Not done 0 None 90% Endocardial Portion 
lateral 

wall 
4-418 12-4- 58 5-15-59 162 * LC None i: i: i: i: ± 0 17 ( 1) ± Coronal 96 . 5% T iny fibrosis in 

Endocardium 
5-405 12-11-58 1- 2-59 12 AD Anterior ± 0 0 9 ( 1) 0 Transver- 92 .5% Middle and inner 1/3 

Posterio se 
wall~ 

6-390 2- 2-59 2-19-59 17 AD Postero- ± i: 0 Not done ± Sagital 84% !~one 

Lateral 
wall 

7 - 422 4-15- 59 4-24-59 9 AD IPosterior i: ± i: 0 20 (2) i: Coronal 71.5% lnner 1/3 of 
\vall .r..yocardium 

AD- .~.nte ior descen< ing branc ~ 
c- Circ\ .mf l ex Bran< h 

LC- Lef C oronary l.r ery 
0- None 
*- Surv v ing Dogs 
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rr~ -BLE lll ser ies ll ~ lVALOi'i SPOI.\!GI:; OPEHATIŒ 217 ~~~ 

Dog ·:.ate o:E Date of T:Lme Positior Locat io::.1 Homo co- L it Cl~ E~~tra l\;"O . oi Dye in Section - E;xten t Loca tion of hyocarà.ia l 
:.:;l ~ë mber 10peratioü Death or Liveü. i n of Sep ta - of r onary Corœ-~ary Cardial Ar·t e rio- i ntramyo ing o:f o :f Fi b r osis 

Sacrifice Day s c::'. rtery In:farct- Anastomo ~A:.1a s t v l ii O- Co r onary lmcli:t.la l Cardial heart Coro:nary 
i0:.1 ses ses l.nas t omo- vesse l s Vcssels Occ lus i on 

ses & thos e 
corm.nt.~n i -
ca t ing 
with 
lumer~ of 

heart 

4-414 10-27-53 5-13-59 199 * 1~D None )'~ ~~ 
"1 ,. • ~ 0 19 ( 5) ... ... Coro:.1.a l 97 .5% L1ner l/3 "' ~ ... -.. 

6-403 ll-6-53 ll-15-53 0 J i=:.D Posterior x := ~ 0 0 0 (0 ) x rJOne 8 5% ~ long Endocardium 
'Jall 

3-153 ll-13-58 ll-23-58 15 :~l.J Posterio r 0 0 0 14 (0 ) ::{ Sagita1 3 5% L 1ner l/3 
vral1 

9-369 ll- 17-58 12- 5-53 13 l~D Posterior x 0 0 9 (2) 0 Sagj_ t a1 85% lnner 1/ 3 
v1a1 1 

1±-371 ll-24-58 11-27-59 3 c Iül.terior .. 0 0 0 (0 ) , _. i.\'one 90% Along Endocardi urn J o ~0 

1& Posterio 
v1a l 1s 

12-44 3 11- 27-58 5-20-59 174 * LC {;:one ;{ ~ ~ ~ ~ 
. , ... 

}~ 21 (4 ) }~ Corona1 8 5% i:Jone ... ... .. .. 

13-4.-29 12- 3-58 5-29-59 177 * 7-~D j..\ione ~·~ }~ ::( .. 0 25 ( 4.-) .. Coro nal 34 . 5% None .Oo 

. 
14-444 1-16-59 2- 6-59 21 i:.D Posterior :;:: :{ x .. 0 33 ( 10) . v . ... Tra!1sver - 96 .5% !·:Liddle 1/ 3 

v;aJ,.l se 

15-4 35 2- 2-5 9 2-22-59 20 J.;.D Poste rio r =~ x ::r;: : -'loo 0 23 ( 12 ) "' Tr ans v er: - 77 . 5% None Jo 

';.ra ll se 

16-425 12-17-53 4-26-59 130 * c None , ,. .. .... ' r " ' 0 24 ( 10 ) } :_ Tra:ü s ve:r: - lOO% None "' "' .. ,. "' ... "" ),. "" "" 

se 



Tl'~BLE lVI SERILS lll-B rv;·~LO:d 1 SPOi;iGE 

Dog 
l.\!umber 

19-395 

20-303 

2..:1--.-~l,1l 

25-325 

2G-353 

2:~-450 

38-15) 

31-333 

3 5--~-"/0 

37-47:3 

1 

1 

1 

1 

1 

Date of 
Opcratim 

Date of 
Death or 
Sacri:üce 

2-l~-591 4-16-59 

2-16-591 3-23-59 

~-23-5J 1 6- l-SJ 

3- ~-SJ 1 6- 2-SS 

3- 4-591 ~-23-5) 

~ E 5""' 1 6 - r=-~- :- :.J - J-J:J 

3-l~-SJ 1 G-15-5; 

3-ll-59 1 5-12-50 

5- l-591 b-22-59 

5- 6-591 6-15-59 

1 

1 

1 

1 

1 

Time 
lived 

ü1 days 

62 

40 

93 * 

JO * 

55 

'")•'"\ * _ __, 

lOG * 

G2 

53 * 

!!-0 

1 

1 

1 

1 

1 

OPLlŒTIOd 

Position 
o.2 

Septal­
~:.rtel.·y 

.: . .D 

i.i...., 

J • • .l.J 

··r-L•-.... 

~ .. .i-

:.:..c 

1._-:..J..J 

c 

~:.L 

c 

Loc~t ivr1 ,l-lüitlOCO-
o:t.: :J:"011ary 
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left Vent Arterio- 2l9 
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Dog Date of Date ot Time Position Location Homo co- Inter Vessels Dye in Section- Extent o:i: Exten t Extra Location of Number Operation Death or Lived in of Septal- of ronary /Coroi1ary & those intramyo - ing of Coronary of I ma Cardial I'-'î.yocarctia l Sacrifice Da ys r.rtery Infarct- .?'.nastomo- r \nastorno- conmmni- Cardial heart Occlu s ion I mplant Coronary Fi.nrosis ion ses ses ca ting V es sels Occlusion l:.nastomo-
with ses 

lumen o:t 
heart 

11-408 8-2/-58 5-20-~9 2b/ * AD None x x x -,. .. ,. 29 (9) x Coronal 8~% Prox. lO% x None 
..0. .. 

1'-lid. 2 0% 
IILstal30% 

22-lbl 9- 8-!J8 5-11-59 245 * c None ~{ }~ :}:: }~ 20 { 5) 0 Coronal 8"/.5% Prox.40% 0 .r.Ii ddle 1/3 
Nia b5% 

pist:al80% 
23-39/ 9- 9-58 5-25-~9 258 * j}.D :None x x x lb (3) x Coronal 8 1. 5% Prox. lO% 0 None 

IJlid. 15% 
pis t: a 13 0'1o 

25-404 9-ll-58 ~-21-~9 2!J2 * AD None x x x 0 l/ ( 4) x Coron al 95% Prox. 20% 0 None 
. !-'lid. 4 0% 
pista lb()% 

2b-3/4 9-15-~8 ~-2~-::>':;1 255 * LC l'l'one ~~ x x l::> (2) x Coronal 10% Prox.lO% x No ne 
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) ::_s t:al4~% 
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l•iid 30% 
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40-432 12- 3-58 6-11-59 185 * AD None x x x x x .{ 30 ( 6) x Coro na1 73.5% Prox. lO% x None 
Mid 20% 
D.i.st a140% 
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LC 10% Distal 3 1 ~: ~~ ~Ji thont Sagital 3 Posterior r.l:i.dô.le l 
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CHAPTER XI. 

DI"S:CUSS:ION 

SEBIES I., CONTROL WITH A11EROIDS. 

Coronary artery diseas.e wi th i ts a.:.ccompanying coronary 

insufficiency, coronary occlusion and myocardial infarction 

is indeed hard to: simulate and produce in experimental ani­

mals~ . SeveraL mechanical and chemica:J: __ methods, as described 

in Chapter VII, were used which had numerous; setba·cks and 

disadvantages., More recently, local Beta:. radiation by im­

plantation of radioactive Yttrium .pellets aJ..ong side a coro­

nary artery (149) and by the use of high molecular substances 

like polysa-ccharides, (IBO), were tried with success, but 

appeared more complicated and possessed some disadvantages• 

In this present control series, 16 dogs '\vere used, l2 

of which were males and 4 females~ Their weights ranged 

from 38-52 lbs •. Va:selinized ameroid casein plastics in 

steel jackets were placed a-round the anterior descending 

and circumflex branches of the left coronary arteries, in 

order to produce coronary insuff iciency and myocardial 

ischemia-... The rate of coronary occlusions were slow:, fair­

ly constant and reasonably predictable.in vivo (132). The 

average survival in days of dogs with coronary arter.y 
constrictors by a~eroids in Li tvak 1 s series was . 20 days; 



- · 227· -

and in :t-1ahant1' s series was 26 da:rs. 

In both series, the ameroids were O.llô of an inch 

in luminal diameters .. In the present series the average 

survival in days wa:s 19 days, because the 1uminal dia,.. 

meters of the ameroids used were O.l03 of an inch, a. 

bit smal1er than the two previous series •. 

In this series, the morta1i ty rate (12 dogs) was. 

75% and the survival rate could be accounted for by the 

fact that in this series of animals . 10% had intercoro-­

na-ry anastomoses a1ready existing .. Further more, . the 

anterior descending branch arises from the left coro­

nary artery in dogs in most cases •. It is suggested 

that the posterior descending branch arose from the 

right coronary artery in sorne of the dogs which might 

exp1ain why they survived the ameroid coronary cons­

trictors .. 

The septa1 arte~y arose in 75% of the cases from 

the anterior descending branch, 12.5% from the circum~ 

flex branch and 12.5% from the main 1eft coronary art-

er.y •. 

The coronary arteries were injected with the new 

Schlesinger's mass in 5 hearts proximal to the ameroids 

and in 10 hearts distal to the ameroids. None of these 

hearts had a cannula in the ventricular cavi ty during 

injection. 
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S~hlesinger's injection study revealed only 

arterioles larger than 40 micra'. in diameter. Anas­

tomotic communications less than 4o micra .were of 

little clincal significance. (42). 

According to Blumgart and a-ssociates (43, 4lf-) 

at: least 12 or more days of 75% coronary artery occ­

lusions wererequired to produce anastomotic communi­

cations, sufficient to protect the myocardium. 

In this series the combined percentage of coro­

nary artery occlusions for both anterior and circum­

flex branches of the left coronary arteries were 85.5%, 

sufficient to produce coronary insufficiency and mye­

cardial ischemia. The coronary artery occlusions were 

due to intimal prolifera'.tion and thrombus formation. 

It seems that more than 19 days were required for the 

development of new · intercorona,ry anastomoses in order 

to protect the myocardium. 

All surviving dogs shovred *** homocoronary and ** 
intercoronary anastomoses, presence of more arterio­

luminal vessels and more communicated with the lumen 

of the heart and finally, the heart: had dye in the in­

tramyocardial vessels. 

In contrast, the mortali ty dogs shovred 1.27 times * 
homocoronary and a •.. 45 times * intercoronary anastomoses, 

fewer arteriolumina.J. vess.e1s : and 5 out of 12 on1y had 

dye in the intramyocardial vessels. The mortality dogs, 

it wou1d appear did not develop or have already present 
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enough anastomoses, so that_all of them died with mye­

cardial infarction. The surviving dogs which developed 

or had present naturally sufficient numberof coronary 

ana-stomoses to give them myocardial protection, so all 

their hearts were normal on micros-copie examina ti on. 

The above findings and results will be on the 

basis for evaluation of various reva·scularization 

procedures • . 

SERIES II-A. IVALON SPONGE OPERATION TO ANTERIOR 
SURFACE OF HEART. 

This procedure entailed the removal of the epicar-

dium or serous visceral pericardium on the anterior 

surface of the left ventricle and a part of the adja!­

cent right ventricle; removal of the parietal serous 

pericardium and fibrous pericardium, overlying the 

same area of the heart, by means of mechanical dissect­

ion and by scraping with a Beek burr. , A sterile ivalon 

sponge, 1/16 of an inch in thickness was anchored by 

sutures on the surface of the bared and partially 

bleeding myocardium and layer of pericardial fat pad 

containing plexus of blood vessels. The ivalon sponge 

has aframework of continous intercellular spaces, which 

permit the infiltration of new blood vess:els and fibrous 

tissue, and this acts as a connecting link between blood 
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vessels of the pericardial plexus and myocardial channels 

and arterioles. 

In this series, 10 dogs were used, 6 males and 4 

females, with weights ranging from 37 and 1/2 to 53 lbs. 

Coronary insufficiency was produced by vaseliniz.ed amer­

oid constrictors. 

The survival rate ( 4 dogs ) was 40% and the a-vera·ge 

survival in days until sacrificed was 120 days. In this 

series, ameroids with lumina of 0.103 of an inch were 

used, whereas, in the Deliyannis series in whi~ch ameroid 

survival \'lith ivalon sponge operation was 85%, the lumina. 

of the coronary cons.trictors were 0.110 of an inch. The 

smaller the ameroid constrictors cause coronary artery 

occlusion faster and cause less time for deve1opment of 

intra. and extra· coronary anastomoses. 

The septa:l artery arose in 70% from the anterior des­

cending branch, - 20% from the circumflex branch and 10% 

from the main left coronary artery. 

The combined average percentage of coronary artery 

occlusion was 88.9% which wa$ sufficient to produce coro­

nary artery insufficiency. The occlusion vTas due to inti­

mal proliferation and thrombus formation. 

The surviving dogs did not have any myocardia1 in­

farction or myocadial fibrosis. The mortality dogs had 

posterior vmll infarction in 5 dogs and a combination of 

anterior and posterior infarctions in one dog. Surprising, 
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there was no anterior wall infarction of the left ventricle 

alone in this series of 10 dogs. 

Microscopie sections shovred that. myocardial fibrosis 

was loca·.ted in the endocardial portion of 5 hearts, mid­

dle portion in one heart and none in the epicardial por­

tion of the myocardium. These facts suggest tha.t the iva­

lon sponge vrhen applied upon the anterior surface of the 

left ventricle protects the area.from myocardial ischemia 

caused by the coronary ameroid constrictor. 

In all but one tha..t died of ischemia., infarction in 

posterior part of left ventricle 'vhere there 'vas no spon­

ge application provides additional evidence, tha.t the 

sponge operation protects the myocardium against ischem­

ia .. It should be pointed out tha:t Deliyarulis placed iva'!­

lon sponge on both anterior and posterior surfaces of the 

left ventricle. 

The coronary anastomoses in the surviving dogs showed 

2.8 times * homocoronary and 1.8 times intercoronary an~s­

tomoses, giving the myocardium enough blood nourisJunent 

to protect it from coronary occlusion by ameroid cons­

trictors •. The coronary anastomoses in the mortali ty dogs . 

was 1.8 times * homocoronary and 0.33 times * intercoro­

nary anastomoses which was almost the sa:me a·s in the con­

troL series, a.ffording the heart no protection wha.tsoever. 

The average arteriolUillinal vessels in this series 

was 21.6 vesse1s, 5.6 of which communicated with the hea:rt's 

lumen •. All surviving dogs had dye in the intramyocaTdial 
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blood vessels and in the mortali ty dogs also all hearts ·. 

exce.pt one had the ir intramyocardial vessels filled '\vi th 

dye • . 

In dog 12-4-43 which -vra.s sacrificed after 174 days 

extracardiac anastomoses were noted. Injection of the 

intact heart wi th new Schlesinger' s ma-ss, through the left 

subclavian artery and aorta. shovred branches of the pericar­

diophrenic, IMA, intercostal, esophageal and bronchial 

arteries went to the pericardium, filling up. the coronary 

arteries and lumen of the heart with dye., This proved that 

the ivalon sponge operation resulted in development of 

ana:stomoses , between the extra cardiac arteries . and the 

myocardial cardiac arterioles. 

By microscopie sections, the ivalon sponge showed 

the presence of rich cellular fibrous tissue, a moderate 

number of good sized blood vessels and the injected Sch­

lesinger1s .mass in spaces of the sponge. In the dogs that 

were sacrificed early the ivalon sponge contained more 

blood vessels, less hyalinized fibrous tissue and more 

foreign body giant cell reaction. However, in the sacri­

ficed dogs many months later, the pic ture v1as different 

for the ivalon sponge contained less but bigger blood 

vessels, more hyalinized fibrous tissue and much reduced 

foreign body giant cell reaction. 
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SERIES II- B. IVALON SPONGE OPERATION TO ANTERIOR AND 
POSTERIOR SURFACE OF HEART. 

This series and procedure is different from Series 

II-A with definite improvement in results. Tche epicardium 

and subepicardial fat_ in the anterior and posterior sur­

faces of the left ventricle and adjacent right ventricle 

were removed mechanically by plain dissection and with 

Beek burr especially on the posterior -surface_, until the 

myocardium was bared and bleeding in order to open up 

arterioles and sinusoids. The fibrous pericardium and 

parietal serous pericaTdium overlying the bared heart 

was removed mechanically by wet sponge or gauz-e and by 

sharp dissection except the extreme posterio~ ' portion 

which wa.s scr?ped vri th Beek burr •. A large piece of _ste­

rile ivalon sponge 1/16 of an inch in thickness was 

anchored by a few sutures between the surface of the 

bared myocardium and pericardial fat pad containing 

plexus of vessels. The sponge served as a . medium for 

blood vessels and other surrounding tissues to grow and 

give additional blood from the outside to the ischemie 

heart. 

In this series, 10 dogs were used 8 males and 2 

females, weights ranged between 37-44 lbs. The mortality 

rate (5 dogs) wa.s 50% v1ith average survival time when 

sacrificed was 87 days. This is a bit better than Series 

II-A which had survival rate of 40%. 
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The septal artery arose in 60% of cases from the 

b h 20% from the circmaflex anterior descending ranc , o 

branch and 20% from the main left coronary artery. 

The combined average for coronary occlusion was 

88.6%, almos-t~ the same a:s in Series II-A, but slightly 

higher than the control series._ 

The coronary anasromoses for the surviving dogs 

showed 3·4- times * homocronary and 2 •. 4 times * inter­

coronary anastomoses·, while the mortali ty dogs shm-1ed 

2.8 times * homocoronary and * intercoronary anastomoses. 

The overall average of coronary anastomoses was higher 

in comparison to Series II-A, and the control series~ 

The arterioluminal vessels showed an average of 

23.3 vessels, 6.4 of which communicated with the lumen 

of the heart, as compared vli th the control series which 

showed an average of 11 vess.els, one of which comnnmica-

ted with the lumen of the heart. All the hearts in this · 

series conta-ined dye in their intramyocardia-1 blood vessels, 

indicati ng a : better blood nouris.hment to the myocardium. 

Dog 35-470, which underwent injection of t he i ntact 

or in situ heart with the new Schlesinger's nass, through 

the l eft subclavian artery and aorta., revea:led branches of 

the pericardio-phrenic, IHA, intercostal, esophageal and 

branchial arteries communicating with t he coronary arteries 

by extracardiac anastomoses on the sur f ace of t he heart, 
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which added extra; needed blood to the ischemie myocardium. 

All the suviving dogs showed normal myocardium, with 

out infarction and fibrosis, because the hearts developed 

intercoronary, homocoronary and extra-cardiac anastomoses• 

All the mortality dogs had myocardial infarction and fi­

bresis, except one. 

Hicroscopic sections showed the ivalon sponge con­

ta·ined partially hyaliniz.ed fibrous tissues, plenty of 

thin-walled blood vessels and a _few areas of foreign 

giant cell reaction. These ne''' blood vessels in the iva~ 

lon sponge, which were arteriolar or larger in size, 

connected the pericardial plexus of vessels with myocar ... 

dial vessels, thus provide channels for increasing extra. 

cardiac blood supply of the heart. In view of the dire 

necessity of extra_ blood to keep the heart alive, these 

new blood vessels theoretically might enlarge in size 

particularly, since the ivalon sponge is gradually re­

moved by the macrophages and foreign body giant cells 

and this has proven to be true by microscopie studies. 

The hearts that were sacrificed after several months 

had less and lesser fibrous tissue in the region of 

the ivalon sponge. 

To surmnarize this procedure, the following has 

been done and the results of accomplisr~ents are here­

by reported. 
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1. The s'€rous visceral pericardium, serous parietal 

pericardium and finally the thick fibrous pericardi­

um were removed mechanically and by the use of Beek 

burr, which allowed the growth of branches of peri­

cardial plexus of vessels into the ivaJ.on sponge 

meshes as support and stimulant and then anastomosed 

with the myocardiaJ. blood vessels and sinusoids. In 

coronary artery disease with old infarction and fi­

bresis, the serous yisèeral pericardium or epicardium 

lost: its functional and physiological elasticity, be­

cause it adhered with the fibrous tissues to the scaT­

red myocardium. Removal of this restraining fibrotic 

epicardium gave the myocardium freedom to contract 

and relax vri thin the physiological . requirements and 

at the same time received the much needed blood •. 

2 •. Increased survival rate from the 25% of the con- · 

trol series to 50% of the ivalon series. 

3 •. Increased arterioluminal_ vessels, both in number 

and in communication with the heart 1 s lumen. In the 

ivalon sponge series in which it was applied on the 

anterior and posterior surfaces of the left ventricle 

the average arterioluminal vessels were 23.3 vessels, 

6.4 of which communicated with the lumen of the heart, 

whereas in the control series the avera.ge arterioluminal 

vessels '\'lere 11 vessels, one of which conununica ted \vi th 

the heaTt 1 s lumen. 
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5 •. Presence of dye in aJ.l intramyocardial vessels, which 

came ·from the injected coronary arteries in all the 

hearts, indicating better myocardial nourishment and 

circula ti on. The re '\vere only 2 hea:rts where dye was . 

present in the . myoca:rdial sinusoids.--

6. All hearts from survi ving dogs '\vere free from myo-

cardial. infarc.tion and fibrosis. 

7.., Presence of new blood vessels in the ivalon sponge 

connecting the myocardial, pericardial and extraperi­

cardial blood vessels by anastomoses~ 

8 • . This ne1.v revascuà.arization procedure could be used 

in conjunction wi th any of the following ;~ partial li­

gatien of the coronary sinus, ligation of pulmonary 

vein of left middle lobe in dogs or lingula. in man, 

or implanta ti on of ll"1A in to the ven tricular myocar-

dium. 

SERIES III: IHPLANTATION OF Tr1E LEFT INTERNAL l;fA.Ml<fARY 
ARTERY INTO THE LEFT VENTRICULAR MYOCARDIUM 
AND PARTIAL LIGATION OF CORONARY SINUS. 

The implantation of the left internal mammary art-

ery into the left ventricular r.ayocardium and partial 

liga.tion of the coronary sinus is an unique procedure 

for it brings extra needed blood to the ischemie 

myocardium, through extracardiac method and also 

allovTS the myoca:rdium to extract more oxygen from i ts 

blood supply. This procedure in the recent 2 yegrs 

has- gained popularity as shown by articles in surgical 
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journals •. Sorne critics have turned advoca-tes of the pro­

cedure, like Bakst and Loewe (134), Bellman and Frank 

(36), Pearl and Citret_ (160) and many more. They are 

fully convinced tha.t the best way to revascularize an 

ischemie myocardium is to bring in a nevr blood supply 

instead of just redistributing the inadequate blood, 

as advocated by Beek. He claims that the hearts resis:t: 

blood from extracardiac sources is defini tely not· .. true 

becaus-e an llv!A implanted into an ischemie myocardium 

will thrive, gro'\v and remain patent and finally, pro­

duce arteriolar anastomoses, if L'1A implantation is 

properly and correctly perfDrmed without kinking, tension, 

torsion and trauma. to this de~icate life saving blood 

vessel •. 

Bakst and Loewe in 1958 (134) reported that internai 

manunary artery implantation in an ischemie heart produces 

extra_ coronary arterial anastomoses, for he demonstrated 

good filling of the anterior descending artery in 90% of 

their spicemens and of the circumflex artery .in 25% and 

of the right coronary artery as well in 10%. 

Pearl and Citret (160) claims that ll·~ implanted in 

the non ischemie heart becomes occluded or severely 

stenosed in 89%, but if IV~ is implapted in an ischemie 

heart, it becomes patent and successfully implanted in 82% •. 

Bellman and Frank (36) showed that implanted IMA 

remained patent in 13 out of 14 casa~ The artery gave 
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intramyocardial branches wi th the average of 1 to 5 mm. 

in length and about 0.5 mm. in diameter. All the im­

plants were narrowed terminally and were surrounded by 

a membrane of thin non-constrictive scar tissue. The 

distal third of the implants established 1 to 4 branch­

es .which emerged fro11 the tunnel to anastomose with the 

branches of the coronary arteries. 

Duchene and associates (64) termed the ~~ implan­

tation as the operation of the future for revasculari­

zation of the ischemie myocardium after evaluating it 

"~:li th several ether procedures. 

In this present series, 10 dogs were used, 6 males 

and 4 females, whose weights ranged between 37 1/2 to 

55 lbs. The survival rate (7 dogs) was70% and the ave­

rage vm.s 237 days at the time of sacrifice. On the other 

hand, the mortality rate (3 dogs) was 30% with an ave­

rage survival of 26 days. 

All the implanted n~ remained patent, ~1 though there 

"W.a.s gradual narrowing of its lumen terminally. The ave­

rage occlusion of the implanted INA was 17% in proximal 

portion, 34% in mid portion and 51.5% in distal portion. 

The occlusions were due to intimai proliferation, very 

slight thrombus formation and the adventitia. of the 

artery contained dense collagenous cuff in which there 

was a . moderate number of arterioles and small sized 

arteries. 
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The injection of the intact heart in si tu 'lili th the 

new Schlesinger.• s ma;ss in 3 dogs injected by this tech­

nique . shu\<Ted the dye en tered the Implan ted D1A and filled 

all the coronary arteries and its branches, the blood 

vessels of the lungs and finally, the ventricular lumen. 

These injection studies indicated that the heart was 

supplied with the dye solely from the implanted IMA. No 

dye could have entered through the coronary ostia because 

the base of the aortawas isolated by a clamp and a liga..­

ture of umbilica1 tape and unlike theo ivalon sponge oper­

ation in dogs , no dye entered the heart from the medias­

tinal branches of the aorta. All the hearts in thi s series 

showed a patent IMA, eRcept one which showed no branching, 

the lumen of the artery was accidentally blocked wi th a '. 

large bubble of air during t he injecti on. 

This new injection method of extra cardiac vessels 

with intact heart in situ provides an objective method of 

outlin;i,ng extra cardiac coronary anas..tomos.es, in order 

to evaluate the various procedures designed to augment 

the coronary circulation via '. i ts collaterals, especially 

the extracoronary arter ial collateral cir.culation. This. 

dye perf usion and inj ection experiment is aptly described 

in Chapter VIII- 1-faterials and Hethods. 

The extent of average combined coronary occlusions 

by ameroid constrictors 'litas 83%, which was more t han enou­

gh for the requirement for development of intracardiac 

coronary arteriaJ. circulation. The occlusion was due to 
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intimal proliferation and thrombus formation. The average 

intracardiac anastomos·es for all the surviving dogs was 2.'7t' 

times * of homocoronary ànd 1.4 times o~ * of intercoronary 

anastomoses and for all the mortality dogs, 1.66. times* 

of homocoronary and 0.66 * of intercoronary anastomoses, 

which '>Jas equivalent to the control series. In the se mor­

tality dogs, no protection fr.om death was afforded by the 

insufficient coronary anastomosee. 

The average number ·of arterioluminal vessels wa's.: 26.6, 

4.6 of whi,ch communicated with the lumen of the heart, 

which ,,ras 2.: 1/2 times. more than the control series of 11 

arterioluminal vessels, one of which had communication 

with the heart 1 s lumen. 

All the dogs in this series had dye in the intramyo­

cardial blood vessles, except one each for the surviving 

and mortality dogs. This showed clearly the greater amount 

of blood and dye by injection that had circulated in the 

myocardium for nourishment via. its myriads of capj.llaries. 

All surviving dogs showed normal. myocardium without 

infarction, while thos~ of the mortality dogs, infarctions 

were located in the posterior wall of the left ventricle. 

The finding was significant for the internal mammary artery 

implant gave protection to the' antêrîô:r:-'wali whêré:~·it:..·was 

in the mortality dogs, and complete protection_ to beth 

anterior and posterior walls of the left ventricles in 

the surviving dogs. 
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Nyocardial fibrosis on microscopie sections 1·rere 

absent in almost all the hearts of the surviving dogs, 

except 3, where tiny fibrosis was noted in the endocar ... 

dial or inner portion of the myocardium. All the morta­

lity dogs had extensive fibrosis in the myocardiumm which 

were mostly on the endocardial portion. These findings 

suggest that in the normal animal heart nouris.hment and 

blood supply of the myocardium cornes mainly from the 

coronary arteries_: and not from the ventricular lumen 

via the intraluminal vessels• 

SERIES IV., BECK I OPERATION: CARDIO-PERICARDIOPEXY 
(ASBESTOS) PARTIAL LIGATION OF CORONARY SUffiS. 

According to :Beek, death from coronary artery disease 

occurs with or without warning. There are 2_types of death 

produced by the disease; one is due to fibrillating cur­

rent that destroys the heart beat, and the ether' is muscle 

destruction, due to inadequate blood supply. Most of the 

dea.:.ths are due to the first type and i t can be pre:vented_ 

by surgiual procedures as shown in the laboratory animals 

and human patients •. The Beek I operation produces inflam-

matory reaction on the surface of the heart, by the irri­

tant action of asbestos, which in turn, opens up already 

existing intercoronary anastomoses. The operation rarely 

brings new blood from the outside sources, except in one 

case in this series. Partial coronary sinus ligation 

st:tmulated collateral branches , so tha.t i t redistributes 
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its o'v.n blood in order that the heart can enjoy a balanced 

circulation and prevent development of oxygen and electri­

cal differentials. (34) •. However, i t appears that. i t do es 

not remedy the a-ctual lack of sufficient blood required 

by a normal working heart •. Since coronary artery disease 

is a . progressive occlusion of the arteries, and gradua.J. 

deprivation of blood to the myocardium, it appears that 

the best therapy is not only to redistribute the blood 

in the heart, but also to bring extra. coronary blood •. 

This operation increases the average backflow from 

228 cc. per hour to 510 cc. per hour or an increse of 

282 cc •. (151) •· 

Recently, Beckhas tried to replace epicardial abra­

sion by the use of 5% trichloracetic acid to the epicar­

dium. This was a preliminary study and further tests 

and evaluations are indicated. 

In this series of 10 dogs were used, 7 males and 3 

females, 'Ythose weights ranged between 40-l~6 lbs. The mor­

lity rate (6 dogs) was . 60% and the survival rate (4 dogs) 

was 40%. The average survival in days for the mortality 

dogs '-ms 24.6 days and for the sacrificed dogs was 60 days. 

The combined average percentage of coronary artery occ­

lusion was 84.5%,which was more than enough to create 
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coronary insufficiency and even de ath to the animals, if 

no revascularization procedure was performed. The occlu­

sion was due to intimai proliferation and thrombus formation. 

The development of coronary anastomoses for surviving 

dogs was *** homocoronary and 1. 8 { *) intercoronary 

anastomoses. This anastomoses brought enough blood to the 

heart in order to survive the occlusion produced by the 

ameroid constrictors. The average coronary anastomoses 

for the mortality dogs on the other hand was ** homocoronary 

and* intercoronary anastomoses was almost equivalent to the 

control series; that was WJ.y the se dogs died. 

The average arterioluminal vessels was 18.8 vessels, 

4. 3 of which communicated with the lumen of the heart. 

The increased number of vessels were especially present in 

the surviving dogs as compared to the mortality dogs, which 

had a lesser number of vessels . 

.All surviving hearts had dye in the intramyocardial 

vessels, except one and all mortality hearts also, except 

two. This operation appeared to have inc.reased the myo­

cardial blood supply as shown by a higher survival rate 

compared to the control se ries. 
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The septal artery arose in 70o/o of cases from the 

anterior descending branch, 10% from the circumflex branch 

and 20% from the main left coronary artery. 

Only Dog 9-484, which underwent injection of intact 

heart with the new Schlesinger mass through the left sub­

clavian artery and aorta showed branches from the peri­

cardio ph renie, intercostals, IMA, esophageal and 

bronchila arteries, which went to the pericardium. It 

also filled up the coronary arteries and the lumen of 

the heart, so much so that the dye came out of the 

ventricular cannula. In this specifie dog that had BECK I 

operation, · extracardiac anastomoses took place. 

All sacrificed dogs showed absence of any mye­

cardial infarction because of the successful revascularization. 

However , all mortality dogs had myocardial infarctions, 5 

out of 6 located in the posterior wall, indicating that the 

myocardium was not protected, especially the posterior wall 

of the left ventricle. 

Mic roscopie se ctions also showe d th at all the sac ri­

ficed dogs did not have any fibrosis, except one, and all 

the morta lity dogs had myocardial fibrosis, 5 out of 6 

located in the endocardial portion . T h i s indicat e d that the 
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Beek I operation brought blood from the coronary 

to the myocardium mainly and practically a small amount 

came from the ventricular lumen. 

All the specimens showed the presence on the surface 

of the myocardium of moderate giant cell foreign body reaction 

with glistening foreign body (asbestos), small number of 

dilated capillaries, moderate fibrous tissue reactions 

and in some areas, some chronic inflammatory reaction . 

This proved that revascularization took place by means of 

vascularized foreign body granulomas. The fate of the new 

blood vessels depended upon the replacement and obliteration 

by fi brous tissue. Only time factor and subsequent study of 

follow-up of long time survivors could foretell the outcome 

of these few blood vessels. 

SERJES V: THOMPSON-RAISBECK OPERATIONt CARDIO­
PERJCARDIOPEXY BY USE OF TALCUM. 

The rationale of surgery in the treatment of coronary 

artery disease is to decrease the myocardial demand or increas e 

the coronary blood supply to the heart itself. This procedure 

apparently increases the blood supply to the heart by means 

of creating an acute inflammatory lesion in the pericardial 
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sac by production of acute non-suppurative serous and 

s ero-fibrinous pericarditis, bythe irritant effect oftalcurn 

powder, this actively stimulating hyperemia. As a result 

of hyperemia, there is dilatation of intracardiac and extra­

cardiac coronary anastomoses. The inflammatory reaction 

involve s all structure of mediastium, including pleura, peri­

cardiurn, epicardium, adjacent myocardium, esophagus and 

lungs {187, 190). Thompson and associates claim that their 

results was good in the laboratory and also in human 

patients. Moritz and associaties (148) substantiate the 

efficacy of the procedure, for they found 7 cases of human 

hearts rich in extracardiac anastomoses with coronary arteries 

following partial or complete obliteration of the pericardial 

sac by fi brous adhesions. 

However, Gage and associates {77) found that cardio 

pericardiopexy did not protect the animais against thrombi 

caused by insertion of thrombogenic wire. Poudrage did not 

promote formation of collaterals beyond which can be expected 

to occur from gradua! occlusion induced in the arterial lumen. 

Gross and associates (102) claimed that no beneficiai 
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effects resulted from the talc cardia pericardiopexy in pro­

tecting the pig 1 s heart against subsequent ligation of the 

co ronary a rte ry. 

In view of the existing controversial re sults, this 1 

procedure was tried in this laboratory on 10 dogs, 6 males 

and 4 females, whose weights ranged from 38-50 lbs. 

The mortality rate (8 dogs) was 80o/o and the survival 

rate (2 dogs) was 20o/o. The average survival in days for the 

mortality dogs was 12. 4 and of the sacrificed dogs was 69. 5 

days. 

The combined average coronary occlusion was 79. 5o/o 

which is much lower compared to the control series, but 

slightly above the 75o/o that Blumgart claimed would produce 

coronary anastomoses.. Furthermore, this amount of 

occlusion killed most of the dogs except two, in spite of 

poudrage procedure. The occlusion was due to intimai 

proliferation and thrombus formation. 

The ave rage coronary anastomoses for the surviving 

dogs was *** homocoronary and ** intercoronary anastomoses, 

which were sufficient to protect the myocardium. On the other 

hand, the mortality dogs had only 1. 5 times (*) homocoronary and 
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O. 75 (*} intercoronary anastomoses, which was almost the 

same as the control series resulting in the death of the dogs 

in 12.4 days after operation. In this series there was no 

extracardiac anastomoses formed at all to assist revasculari-

z ation. 

There were 16.9 arterioluminal vessels, 1. 6 of which 

communicated with the lumen of the heart. This number was 

almost the same as the control series. All surviving dogs 

had dye in the intramyocardial vessels while the 

mortality dogs had dye only in half their number. 

All the surviving dogs showed no myocardial in­

farction. However, in the mortality dogs, majority of the 

infarctions occurred in the anterior wall of the left ventric1e 

which was in agreement with the findings of Bakst and 

Loewe (134}. They claimed that talcum poudrage gives 

protection to the posterior wall of the left ventricle. 

Mièroscopic sections showed that all the surviving 

hearts had normal myocardium and most of the fibrosis 

in the mortality hearts we re located in the endocardial portion 

of the myocardium. All hearts in this series showed that the 

epicardium had hyalinized fibrosis, little number of 

capillaries and moderate amount of foreign body giant cel! 

reaction. 
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Talcum poudrage did not protect the animal against 

coronary artery occlusion by ameroid constrictors whichi 

is in agreement with the findings of Gage and Gross and 

as sociate s. 

SERlES VI: CARDIO-PERlCARDIOPEXY WITH SODIUM SALICYLATE 
5o/o SOLUTION: 

This is a new procedure tried in this laboratory to 

stimulate revascularization of the ischemie myocardium. 

Physiologically, it works by lysis or chemical destruction of 

the epicardium, which will produce non-suppurative fibrous 

cardio-perioardiopexy and hyperemia. No other laboratory 

has used this solution solely for revascularization purposes. 

In this series, 5 dogs were used, 3 males and 3 females, 

whose weights ranged between 35-52 lb. 

The mortality rate {4 dogs) was 80% and the survival 

rate { 1 dog} was 20.%. The survival in da ys of the mortality 

dogs was 13 da ys, while of the sacrificed dogs was 132 da ys. 

The average extent of coronary artery occlusions 

was 78. 8%, which was sufficient to produce coronary insuffi-

ciency and myocardial ischemia. The occlusion was due to 

intimai proliferation and thrombus formation. 
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The coronary anastomoses for the surviving dogs 

showed *** homocoronary and * intercoronary anastomoses 

and for the mortality dogs * homocoronary and 0 intercoronary 

anastomoses. The re was no extracardiac anastomoses shawn 

by injection of the intact heart. The number of anastomoses 

i s just equal to that of the control series. The high mortality 

rate re sulted from the absence of sufficient coronary anasto.moses 

for protection. 

The average arterioluminal vessels was 17 vessels, 

1. 7 of which communicated with the lumen of the he art. 

The surviving hearts had dye in the intramyocardial vessels, 

while the mortality dogs hearts had no dye in the intramyo­

cardial vessels, except one. Bath of the se findings indicated 

that the procedure failed to increase blood supply and 

circulation in the myocardium. 

Myocardial infarction was absent in the lone surviving 

dog while myocardial infarctions were present in all the 

mortality dogs. The fibrosis was mostly located in the 

endocardial portion of the myocardium. 

All the evidence and results indicate that this procedure 

afforded no protection to the myocardium against coronary 

occlusion by ameroid constrictors. The loue survivor fell within 

the group of dogs which had normal intercoronary anastomoses. 

like tho se in the control series. 
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SERIES VII: ARTERIALIZATION OF THE CORONARY SINUS WITH 

THE LEFT INFERIOR PULMONARY VEIN ANASTOMOSES. 

Several revascularization procedures of the ischemie 

myocardium are in current use today not only in the laboratory 

but also in hwnan beings. While it is not impossible to 

produce intracardiac and extracardiac anastomoses 

between heart and grafts, they cannot be produced in any 

degree of regularity (34). 

The search for other methods of bringing extra needed 

blood to the ischemie heart appears to augment total corona ry 

circulation in the face of progressive and severe diminution 

of blood supply as in coronary heart disease, is still going on. 

The internai marnrnary artery implantation and Beek II 

operation were the first ones to have corne out for this 

specifie physiologie al purpose. The first one has held it 

own with enough s tati stical proof for its c on tin uance, wh ile 

Beek II has fallen by the wayside because the graft between 

the aorta and coronary sinus in 6 rnonths tirne becomes 

oblite r a ted by intim a i prolifera t i on and thrombus formation. 

The vein graft could not tolerate the onslaught of the systernic 

pressur e. The operation would have been a succe ss, only i f 

the o x y gen at e d blood i s d e liv e r e d to t h e c o r onary sin u s a t a 
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a tolerable pressure. The answer to this requirement cames 

from the inferior pulmonary vein which is lying 1 or 2 cm. 

away from the coronary sinus. It contains oxygenated blood 

with a pressure of approximately 10/0 mm. of mercury. On 

the other hand, the pressure in the left auricle is about 6/2 mm. 

Hg. and in the right auricle and coronary sinus about 4/0 mm.Hg. 

Since fluid flows from high to low pressure, then blood from 

the inferior pulmonary vein would easily flow into the coronary 

sinus and right auricle. However, to reverse the flow of the 

oxygenated blood to the myocardial capillaries, partial 

coronary sinus ligation to 3 mm . is required. Furtherinore, 

Gross ;and Blum (100) have shawn that coronary sinus partial 

ligation, allowed enough time to extract effectively the much 

needed oxygen from the blood, can be successful. 

On the se physiological principles, the arterialization 

of the coronary sinus by anastomoses with the left inferior 

pulmonary vein, plus 3 mm. partial ligation of the coronary 

sinus, was conceived and tried by the author of this the sis 

for the first time in 5 dogs, 4 males and 1 female, whose 

w eights ranged betwe n 40-50 lbs. 
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The mortality rate (3 dogs) was 60o/o and the survival 

rate (2} dogs) was 40o/o. The average survival in days of the 

mortality dogs was 23 days and of the sacrificed dogs was 

188 da ys. One of the surviving dogs (Dog 2 -364) would still 

be alive if not sacrificed 287 days after operation. 

The extent of combined average coronary occlusions 

was 88o/o, sufficient enough to produce coronary insufficiency 

and myocardial ischemia. The occ~usion was due to intimai 

proliferation and thrombus formation. The septal artery 

arose from the anterior descending branch in 80o/o of the 

cases and from the main left coronary artery in 20o/o. 

The average coronary anastomoses for the surviving 

dogs was 2. 5 times * homocoronary and ** intercoronary 

anastomoses. On the other hand, the mortality dogs had 

2. 6 times * hornocoronary and * intercoronary anastomoses. 

The two surviving dogs had extracardiac an'astomoses 

established. 

The average arterioluminal vessels was 15. 5, 4 

of which communicated with the lumen of the heart. All 

hearts of both mortality and sacrificed dogs had dye in 

their intramyocardial vessels indicative that more blood 

had gone into the myocardial tissues. 
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The surviving dogs had no myocardial infarction 

and fibrosis, vrhile the mortali ty dogs had them in 

the endocardial portion of the myocardium. 

In dog 2-364, vrhich survived 287 days, injection 

of left inferior pulmonary vein showed the dye went 

into the coronary sinus, its ttibutaries and then into 

the lumen of the heart. The anastomoses between the 

inferior pulmonary vein and the coronary sinus vm.s 

patent with sorne intimal thickening, so much so that 

it appeared like an artery. The epicardial layer of 

the myoca:rdium sho1ved plenty of ne1v blood vessels filled 

with blood., There was very little fibrous tissue re­

action. 

Takeuchi, ligated the pulmonary vein of the left 

middle lobe in dogs and then sutured it to the peri­

cardial sac • . Asbestos poudrage was applied between the 

surfaces of the sutured lung and pericardium. He noted 

that _subsequent congestion and healing created marked 

adhesions between the lobe and surrounding structures. 

Engorgement and bleeding from the lung disa~peared at 

the end of one month due to the large collaterals which 

developed. The mortality rate of ligated anterior des­

cending branch in 23 dogs vm.s 21.5% and was O% for the 

protected dogs •. (232) 
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Shumvra.y, (233) used retrograde coronary sinus per­

fusion for direct vision surgery of acquired aortic 

vavular diseases. The corona-ry circulation was 

reversed by cannulating the coronary sinus with Foley 

catheter and arterialized blood from the extracorporeal. 

apparatus vra.s used to supply the heart. The color of 

the myocardium remained pink through out the proce­

dure. 

The above vrèrks of Takeuchi and Shumway corobora.te 

the rational~ of the arterialization of the coronary 

sinus wi th the le ft inferior pulmonary vein as a' 

treatment of coronary artery disease with coronary 

insufficiency. 

There is enough evidence . that the new procedure 

has produced a . relatively good survival rate and 

brought more blood to the ischemic; myocardium. 

Nore survivals would be expected after the tech­

nique of the operation is refined and perfected by 

the individual opera.tors. 
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CHAPTER XII. 

SUMMARY AND CONCLUSIONS. 

1. A brief review of the anatomy, physiology and pathology 

of the heart is described especially with regards to revas­

cularization of the ischemie myocardium. 

2. Historical background of the different revascularization 

procedures in coronary artery insufficiency is described. 

3. The objectives, problems and difficulties in simulating 

myocardial ischemia in experimental animais and then the 

revascularization of their ischemie myocardium are presented. 

4. A brief review of the different methods used in the 

production of coronary insufficiency and myocardial ischemia 

in experimental animals are described. 

5. The vaselinized a.rneroid casein plastic in steel 

jacket, when placed around the anterior descending and 

circumflex branches produced coronary occlusions at a slow 

fairly constant and predictable rate averaging 19 days in 

control animals, is comparable to the coronary artery 

occlusion and insufficiency in human beings. 

6. The extent of coronary a rte ry occlusion produced by 

a.rneroid constrictor had a combined average percentage of 
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85.9% '"hich was due to intimal proliferation and throm­

bus formation. The infarction produced vras mostly loca~ 

ted in the endocardial portion of the myocardium. 

7. The gradual occlusion of the coronary artery to 

the average reduction of its lmaen of 85.9% in 19 days 

is not sufficient and long enough to allow natural pro­

duction of new intercoronary anastomoses for the pro­

tection of the myocardium. 

8. The new method of injecting the intact heart in 

si tu wi th new Schlesinger' s mass·, through the left sub­

clavian artery and aorta is an objective test to visual­

ize the effects of various revascularization procedures 

and augmentation of the coronary circulation via its 

extracardiac collaterals is described. 

9. The ivalon sponge operation stimulated the pro-

duction and dilatation of homocoronary and intercoro­

nary anastomoses, tv10 to three times tha.t of the con­

trol, and also creRted well established extracardiac 

anastomoses which were demonstrated in two cases. which 

augmented the coronary circulation. 

10. The ivalon sponge operation increased the number 

of arterioltuninal vessels, two to three times and the 

vessels cornmunica.ted ''li th the lumen of the heart fi ve 

to six times that compated to the control series. 

The myocardial sinusoids were filled up wi th dye 
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only in two hearts out of 20. All the 20 hearts, except 

1, had dye in the intramyocaxdial blood vessels, indica~ 

ting an increase in myocardial circulation. 

11. The ivalon sponge served a·s a framet.vork for the 

growth of new blood vessels and endothelial lined chan-

nels, t.vhich connect the pericardial plexus of vessels 

with the myocardial blood vessels in the arteriolar level 

for the new Schlesinger 1 s mass to pa·ss through vessels 

with a diameter of 40 micr~ 

12... The i valon sponge gi ves more protection to the 

ischemie myocardium when applied on beth the anterior 

and posterior surfaces,~. of the heart or left ventricle 

than when applied to the anterior surface only. Mye­

cardial infarction occurred in the -wall of the vent-

ricle not protected by the ivalon sponge. All hearts that 

received protection from the ivalon sponge showed no 

myocardial infarction and fibrosis a't all. 

13. All heaxts unprotected by the ivalon sponge s:s 

shown in the mortality group, whowed myoca:rdial fibre­

sis in the endocardial portion of the myocardium. This. 

indicates that these hearts did not get any bload 

supply. from the lumen of the of the heart and t Prac -

ically all nourishment of the myocardium came from 
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the coronary arteries and its intramyocardial branches~ 

14. The implantation of the internai ma.mmary artery 

into the myocardium and partial ligation of the coronaTy 

sinus is the operation of choice and of the future, for 

it has the highest surviva:l. rate of 70% as compared to 

all the other revascularization procedures. 

I5. With proper handling and careful technique all 

the internai mammary arteries dissected free from the 

6th intercostal space. up to the subclavian artery, 

remain patent when impianted into the ventriculaT myo­

cardium. All except one showed early to full branching 

and anastomoses with that of the coronary arteries. and 

their intramyocardial branches. The lone one which 

showed no branchihg accidentally became blocked with 

a .large bubble of air during the injection •. The narrow~ 

ing of the implanted internai mammary arteries were 

slight to moderate gradual tapering obliteration 

distally to about 50%, cause:d by intimal proliferation 

and thrombus forma·tion and presenc.e of dense:: coliagen­

ous cuff in which there were modenate number of art­

erioles- and smail sized arteries. 

I6. The internai mammary artery operation promoted 

the increse of homocoronary and intercoronary anastomoses. 
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almost twice the control number. The number of arterio­

luminal vessels increased twice and the vessels communi­

cating with the lumen of the heart increased 4 1/2 

times compared to the control seeies. 

17. In the internal mammary artery series, all hearts 

beth surviving and mortality dogs had dye in the intra~ 

myocardial vessels, exce:rt one in each group.All hearts 

of surviving dogs showed no myocardial infarction and 

a~l hearts of the mortality dogs had infarctions in the 

posterior '\'Jall, because the implanted internal mammary 

arteries have given protections to the anterior wall 

where they vrere implanted. 

18. Three out of 10 dogs, the hearts in situ ~ere 

injected with new Schlesinger's mass through the left 

subclavian arteryand aorta .. In these 3 cases, the in­

ternal mammary arteries an d extracardiac collaterals 

supplied dye to a:ll the coronary arteries and its 

branches, and finally, the dye entered the lumen of 

the hearts. Injected in t he same way the rest of the 

dogs may have demonstated the same findings as above. 

19.. In Beek I procedure, intercoronary anastomos.es: 

of sufficient size to protect against coronary artery 

insufficiency, 
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produced by ameroid constrictors occurred in 4 out of 10 

dogs. The re was a slight increase in the nurnber of arterio­

lurninal vessels and those which communicated with the lumen 

of the heart. All the surviving dogs had dye in the intramyo­

cardial vessels except one and all rnortality dogs had dye 

in the intramyocardial vessels, except two. 

20. Injection of the intact heart with the new Schlesinger 

mass through the left subclavian artery and aorta failed to 

show collateral anastomotic channels between the vascular 

mediastinal fat pad and the coronary arterial system in the 

myocardiurn. 

21. Beek I proceudre produces, on the surface of the myo-

cardiurn, a moderate foreign body giant cell reaction due to 

irritating asbestos powder, small nurnber of dilated capillaries 

and some fibrous tissue chronic inflammatory reaction. 

22. Cardia -pericardiopexy by the use of talcurn (Thompson-

Raisbeck procedure) did not protect the animais against the 

ameroid constrictors. Poudrage did not promote formation of 

enough collateral beyond which can be expected from graduai 

occlusion induced by the ameroids. 

23. In Thompson-Raisbeck procedure, myocardial infarction 

occurred in the anterior wall of the left ventricle, which is in 
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agreement with the findings of Bakst and Loewe. They claimed 

that talcum poudrage gives protection of the posterior wall of 

the left ventricle. 

24. Cardio-pericardiopexy by the use of 5o/o sodium 

salicylate did not protect the animal against ameroid constrictors. 

25. The arterialization of the coronary sinus with anastomoses 

of the left inferior pulmonary vein plus partial ligation of the 

coronary sinus to 3 mm . in diameter produced 40% survival 

rate because of increased number of ontercoronary, homo­

coronary and extracardiac anastomoses. The arteriolurninal 

vessels had received both in average number and number 

of vessels communicating with the lumen of the heart. Dyes 

were present in the intramyocardial vessels of al! the 

hearts and in the myocardial sinusoids of one of the surviving 

he arts, indicative of improved myocardial circulation. 

26. The inferior pulrnonary vein-coronary sinus operation 

produced no infarction in the myocardium of the surviving 

dogs, while the mortality dogs had posterior wall infarction 

and endocardial fibrosis. The two surviving dogs are still 

alive, if not sacrificed at 90 and 287 days, respectively. The 

latter had lived over 9 months, well over the 6 months period, 

the v ein graft of the Beek II operation usually became obliterated 

by intimai proliferation and thrombus formation. 
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27. There is enough evidence that the arterialization of the 

partially ligated coronary sinus has produced a relatively 

good survival rate brought about by augmentation of the 

coronary circulation, both intracardially and extracardially. 

A higher survival rate in the future would be expected after 

the technique of the operation is refined and perfected by 

the operators. 
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