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CHAPTER I

INTRODUC TION

During the past thirty years the report
concerning coronary heart disease have increased almost
geometrically. We are still far from solving the prob-
lems of this serious disease as is evidenced by the
continuous flood of papers,

The greatest advance has been on the diag-
nostic front of myocardial infarction and its allied
picture of coronary insuffieciency. Practically all the
schools of the world have contributed in the clinical
study. The names of Parkinson, Bedford in England,
Barnes, Whitten, Woolfirth, Wood, White, Levine, Wright,
Levy, Master in the U.S.A. are closely associated with
this work.

It is estimated that four to eight million
people in the United States sre afflictedwith some form
of heart disease. Deaths per annum from this cause is
more than twice those due to cancer. Metr&politan Life
figures show a death rate of 78.2 per 100,000 population,

The incidence is higher in males than females,




It is difficult to get the accurate figure
from the incidence of coronary disease from the figures
for heart disease in general as there is much overlap.
It is reported the incidence of coronary involvement is
from 22 to 54 percent depending on clinical or necropsy
diagnosis (Master - 1942, J. Mt.Sinai Hospital).

The poor prognosis of coronar& artery insuff-
iciency has been emphasized by Parker and his associates
in the Journal of the American Medical Association in
1946, where they reported a series of more than three
thousand cases with angina pectoris, none of whom sur-
vived more than five years.

In another series, Katz and his associates
reported 25 percent of their patients dead in two months,
50 percent in one year, and 75 percent in three years
(Arch. Int. Med., 84:1949).

Medicine has had little to offer to those who
are struck with coronary artery disease. Obviously, in
light of the severity of the disease, intensive efforts
to develop a technique for the revascularization of the
ischaemic heart were tried in different ceﬁters. Now it

is possible to augment the deficient coronary circulation




by several surgical procedures, none of which is widely
accepted.

The present study will attempt experimentally
to evaluate the few surgical procedures proposed for the
treatment of coronary artery disease using animals with
coronary insufficiency mechanically induced by casein

plastic called Ameroid.




CHAPTER II

ANATOMICAL CONSIDERATION

A, Arterial Blood Supply of Myocardium:-

Brief review of the coronary arterial system will
be described as there has not been any contribution besides
what is known (85, 91, 98, 99, 178, 180, 105). . Myocardium
is supplied by two coronary arteries, the right and the
left. The left arises from the left anterior sinus of val-
salva and about two millimeters from its osteum divides
under cover of the left auricular appendage into left cir-
cunflex and anterior descending branch., The anterior de-
scending branch which is more important runs downwards in
the interventricular groove passing around the apex and
appears in the posterior interventricular furrow in its
lower third. Numerous branches run to both sides through-
out its course. The septal branch arises near its origin
or from the main trunk close to its bifurcation. The
septal branch supplies the anterior third of the inter-
ventricular septum anastomosing with terminal branches of
the septal portion of the posterior descending branch of
right coronary artery (99). In our experimental animals
this branch arises from main trunk or either of its bifur-

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

4e
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gerding them in our experimentse. The ciroumflex branoch
appears lateral to auriocular appendage, runs in the atrio=
ventricular groove to the left ending in the posterior
descending branche It supplies the musoulature of the
upper portion of the right ventriclee One of the common
variations, 1s the separate origin of ciroumflex and an-
terior descending branch from the aorta.
The right coronary artery arises just below the

right anterior ousp of the aortio valve and travels to

the right emerging between the root of the pulmonary
artery and aortaes It desconds in the right atrio-
ventricular sulcus where it descends vertically about

two thirds of the waye. On the posterior surface it gives
several branches on its course to telae adlposae, right
suriole and right ventriclee A small constant branch
orosses the root of the pulmonary artery and anastomoses
with a similar branch of left coronary erterye. There are
mors than three branches which descend on the surface of
the right ventricle, the largest and lateral branch runs
over the posterior surface of the right ventricle to reach
the interventrioular sulous. The terminal part arborizes
" into posterior descending branch elong the interventrioular
sulous to supply the lower third of the posterior surface

of ventricles Deeper branch of the terminal part supply
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the posterior part of interventrioular septume So right
coronary artery supplies the entire right ventricle
except the left third of anterior wall, posterior third
of the interventrioular septum and the inferior right
half of the posterior wall of the left ventricle.

The branches of the main coronary arteries de-
soend superficially in the general direotion of the apex
and these give myooardial branches running at right angles
up to endocardium where they change their course to meke a
rioch arteriolar anastomosise This vascular bed surrounds
the muscle bundles arborizing into capillaries which surr-
ound the individuel fibres as a plexus (169, 182, 219, 218).
The lymph channels arise from the boundaries of these cap-
illa.ry plexuses, from where they drain into a subepicardial
network of lymphatics. At the venous ends, the oapil).aries
converge to form a small venule whisch may drain into larger
vein draining into coronary sinus or occasionally draln
directly into the chamber of the heart. Human hearts are
divided into three common variations as classified by
Schlesinger by injection studiese In group l- fifty per
cent are right coronary artery prodomineance; group Il =

has a balance ciroulation between two arteries; group III -~

with left coronary artery perponderancee Group III is im=




portant since coronary arterial insufficiency is mostly
due to pathology in the left coronary branches. Group

IT is least affected (179, 178).

B. Coronary Venous System:— (85, 91, 98, 99, 95)

The venous drainage of the myocardium is carried
out by two systems. 1. Superficial and 2. Deep.
1. Superficial or subepicardial system closely follow
the distribution of coronary arteries and empties in a
short but wide venous trunk -lying in the lower part of
the atrio-ventricular groove between the left atrium and
left ventricle which is covered superficially by some
muscular fibres of the atrium, This is called coronary
sinus which empties in the lower and posterior part of the
right atrium between the opening of the inferior vena cava
and right atrio-ventricular orifice., In the right heart
the small venous branches merge to form the anterior car-
diac veins, a lesser of the superficial venous system.

They end directly in the right atrium.

1. A deeper system of vein which communicates directly

with the heart chambers,

Tributaries of coronary sinus -1, great 2.middle

and small cardiac veins, The anterior portion of the vent-

Te
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ricle is drained by great cardiac vein which begins at
the apex of the heart and runs beside the anterior de-
scending branch of the coronary artery and then follows
the circumflex branch in auriculo-ventricular sulcus
around the left border of the heart. It empties into
coronary sinus while in the sulcus.

The middle cardiac vein also starts at the apex
of the heart and runs backwards in the inferior inter-
ventricular groove and ends in the coronary sinus. It
receives branches from both ventricles. The small cardiac
veins run along the lower border of the heart and join
middle cardiac vein just before it empties into coronary
sinus, It is to be noted that the coronary venous system
is deprived of any valves and the rudimentary comdition
of the valve which in lower animals guards the opening of

coronary sinus.

C., Communications of the Coronary System:-—

There are three types of communications with the
coronary arteries: 1) intercoronary, 2) extracardiac, 3)
direct communication with chambers of the heart. Present
day surgical procedures for coronary artery insufficiency
are based on extensive anatomic and physiologic study of
these three types of communications with coronary arteries,

There is no longer any controversy that anastomoses




exist between the branches of an individual coronary
artery as well as between branches from both arteries
(114, 166, 165, 179, 219). Gross (1921) in his excell-
ent monograph has shown the existence of many intercor-
onary anastomoses and they increase with age (99). They
are mostly marked at the junctional area supplied by
both arteries., The luminal diameter of 20 to 350 micre..
and length ranging from 1 or 2 cm te 4-5 cm are found in
human hearts, These are two types’called homocoronary
or intercoronary. The homocoronary communications are
found everywhere except in the immediate subepicardial
layers. Intercoronary anastomoses are formed in the
areas supplied by both coronaries. These are corkscrew
in shape. These homocoronary and intercoronaries are
significantly increased in coronary obstruction (41).
While in normal human hearts it does not appear to play
any role in supplying blood to myocardium. Its response
depends on the pressure differential and relative myo-
cardial ischaemia. By back flow technique it has been
shown that gradual occlusion of a vessel is followed by
increase of 1 cc to 30 cc per minute within a period of
30 days. Although these communications are very small,
they are capable of allowing some blood into myocardium,

These type of collateral circulation which is formed in
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various pathologic syndrome can be interpreted as the
result of hypertrophic evolution of the collateral vessels
existing in every human heart. (Blumgart 1940) In normal
human heart intercoronary anastomoses larger than 40 mickra
in diameter are not found and anastomotic communication
less than 40 micra are of little significance. Age has no
relation and it develops after gradual coronary occlusion
when and where it is needed., Blumgart believes these
vessels will not protect against infarction although they
will allow some blood into the area and some benefits (30,
48).

Printzmetal found the largest intercoronary artery
communication range from 70-80 micra by injection of grad-
uated glass spheres and radio active cells (166). In their
view, the diameter of intercoronaries does not appear to

increase with age.

D. Extra Cardiac Communication:- (141)

In 1880 Langer showed anastomoses between the cor-
onary arteries and of the pericardium through which commun-
ication exist with branches of intermnal mammary artery. He
also showed connections between the coronary and bronchial
artery by means of vasa vasorum of the pulmonary artery.

1803 Van Haller described the extracardiac anastomoses in the
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form of potential and actual communication with the
surrounding structures, corroborated in 1880 by‘Langer
(216).

Hudson by injection studies deomonstrated communicafions
between the auricular and coronary branches to the peri-
cardial fat, with pericardiacophenic, anterior mediastinal
branches of internal mammary artery and bronchial artery.
These anastomosis take place around the root of the 1)
aorta, 2) pulmonary artery and veins, 3) around the ostia
of the sup ard inferior venacava, and 4) intervascular
pericardial reflection. This anatomic evidence has been
made use for revascularigation procedures by many groups
and our series of experiments with findings will be des-

cribed later (11k, 48, 147, 102).

Direct Communications with the Chambers of the Heart (220,

39, 36).

Vieussens in 1706 first discovered the Thebesian

system and was reported in 1708 by Thebesius whose name

they bear, By injection and digestion study two types of
communication were fourd between coronary arteries and
chambers of the heart.

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

iole but loses its arteriolar structure before opening into




lumen of the heart.

2.) Arteriosinusoidal - These are more numerous and they
loose their arteriolar structure much deepér in the myo-
cardium breaking up into large irregular channels lying
between the muscle bundles and at times between individual
muscle fibres, These are also called "myocardial sinusoids"
playing a role in the nourishment of the heart. These are
50 to 250 micra in diameter and anastomose freely with one
another. Thebesian veins are more numerous in the right
ventricle than in the left (86, 222, 219).

These above facts were also used in attempts to re-
vascularize by Vineberg and Goldman. Recently Massimo success-
fully tapped the left ventricle with polyethylene T tubes in
supplying bl;od to the left ventricular myocardium on animals

(145).

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

There has been much less work towards the anatomy and
physiology of the cardiac lymphatics. In 1653 Rudbeck first
described the lymphatic vessels of the heart followed by
Aagaaro in 1924 and Patek in 1939.

In dogs subepicardial lymphatics consist of capillaries
and drainage vessels which form a continuous plexus covering the

whole of each ventricle., The large capillaries receive afferents




from the myocardial plexus and converge to form drainage
vessels which generally accompany the blood vessels. These
drainage vessels at last unite to form a single trunk which
drains the entire heart, This trunk leaves the heart by
passing on to the anterior surface of the pulmonary artery.
Drinker and others also maintain this view but recently
Allison and Sabiston showed multiple lymphatic channels in
the mediastinum by injection studies (6).

Myocardium possesses lymphatic capillaries three
times the diameter of myocardial blood capillaries. There
are no collecting trunks in the myocardium and most of them
pass directly into the subepicardial capillaries. TFew only
may empty into the small subepicardial drainage vessels.

Subendocardial and endocardial lymphatic plexuses

~are mainly capillaries lying in a single plane parallel to
the surface of the endocardium. They communicate with myo-
cardial plexus by means of short capillaries which pass dir-
ectly into the myocardium. There are no lymphatics in atrio-
ventricular valives,

The normal flow of lymph from the heart is explained
by the pressure produced during systole and diastole. During
diastole lymph is driveh from subendocardial lymphatics to

myocardial plexus and during systole the lymph from the myo-

13.




cardial plexus forces into the subepicardial lymphatics.
Towards the end of the diastole the pressure of the di-
lated heart against the pericardium probably drives the
blood from the subepicardial lymphatics into the main
lymphatic trunk. There are mahy problems of interest in
cardiac lymphatics with reference to coronary arterial in-
sufficiency and the absortion of fluid in pericarditis,
but very little work has been done with regard to them..
There is a possibility the lymphatics of heart might

play a role in different surgical procedures for coronary

artery insufficiency.

14.
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CHAPTER III

PHYSIOLOGY OF THE CORONARY CIRCULATION

Main blood supply to the myocardiwm is by both
right and left coronary arteries. Blood entering the
coronary arteries have & possible exit through the
following routess
1) Extracardiac anastomosise
2) By way of coronsry sinus end anterior cardiac veinse

3) Through arterio luminal and erterio sinusoidsl
vessels into the chambers of the heart. ¢34)

There is & great difference of opinion regarding
their importance in normel conditions but these different
systems can develop extensively to serve the nutrition of
myocardium when the lumen of the coronary vessel is graduelly
reduceds Our experiments make it questionable, however,
whether they can compensate sufficiently to maintain
normal action within the gradual ocolusive period by our

methode

Ao Coronary 6irculation

The ciroulation in the coronary system is very rapid
as it takes eight seconds for a ReB.Ce to pass through
oompletely in its shortest course (34)e Under normel

oconditions, four to five percent of total cardiac output goes




to the coronaries. The output of a normal human heart
et rest is between three to four and a half litres per
minute and thirty-seven litres during severe exercise.
The average human heart oconsumes 250 cce. of oxygen per
minute during strenuous exerclse when the coronary
oirculation has inoreased three-fold reaching up to two
litres per minute (112, 34).

The frection of total ocardiec output passing
through the coronary arteries veries inversely with
total output; the proportion is about five per cent,
which may rise to nine percent in low output (91).

Besides the ocoronary vessels, the heart oan

17¢

obtain some metebolites from the sinusoidal vessels, lymphe

atics and the extracoronary enastomosis around the base
of the heart (163).

By various methods of flow study, it has been

found that the coronary blood flow is about 50 to 756 cce

per minute per grem of muscle. (91, 74, 94, 69, 70) In

dogs the left coronary distributes about 80 percent of the
total coronary blood and the right only 20 percent (3, 4).
On a percentage basis anterior descending 30 percent and

ciroumflex about 50 percente Further, 70 peroentlof blood

distributed by left coronary artery and 40 percent of that

distributed by the right coronary artery return via the

coronary sinus (89,225)s This was also confirmed by Gregg

(4, 95)e
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Be Coronary Ciroulation in Different Phases of Cardiac
ngleo

In 1689 Soaramucci enunciated that the arteries
supplying the myoocardium are filled during diastole and
emptied during systole by muscular contraction (177). But
Anrup end others proved the above hypothesis by showing
experimentally greatly decreased coronary inflow or
complete stoppage during systole and inorease during diastole
(1, 69, 91)e But a slight retrograde flow from deep to
superficiel ocardiac vessels is still found in vigorous
contraction (1, 2).

Measurement of coronary flow by Green and Cregg
showed that a definite forward flow ocours at all times
throughout the cyocle although it is reduced during systole
(87, 93). Coronary artery pressure never reachos as high
as aortic pressure (226). By constant pressure flow meter
at low perfusion pressure Gregg showed that the potential
inflow is reduced from the aorta during isometrlio contraction
eand eerly ejection by forcing back blood from the deep lying
compressed vessels into large proximal arteries (91). These
proximal vessels distend with rise of aortic pressure
reaching its maximum at the end of systole end slightly
after due to inertia of the moving column of bloode The

myocerdial vessels are released repidly during isometric




relaxation and early dlestole causing a greater inflowe.

When the aortic pressure falls, the totel rate of inflow
drops below the intramural flow because of the slow
reduction of expansion of the superfiocial coronary vesselse
Both the effects are minimal at the end of diastole. Wiggers

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

Ce. Venous Drainare.

Through Coronary Sinus - This is the major venous drainage

system of the left coronary artery and sixty percent of the
total circulation is delivered through this way (146). The
outflow varies in changlng sortic pressure and with elevation
of right ventricular pressure. Gregg, however, does not
belgéve that in increased right ventriocular pressure the
thebesian vessels drain into coronary sinus instead of into
the right vemtricular cavity as in normal physiological
condition. Most of the venous drainege from the right heart
is through the enterior cardiac vein into the right auriole.
(91, 201, 95)

The outflow of coronary sinus occurs during the
ventricular ejection phase and very slightly during the
latter half of aurioular systole. This is produced by
mechaniocal squeezing of the vessels by myooardiume After

the ventrioular ejection the flow falls markedly due to

emptyinge Role of coronary sinus constriotion in coronary

19.

insufficliency is later discussed in our experimentse (80,90.18).
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With the heart beating in sity, acute obstruction
of ocoronary sinus produces congestion of left ventricle but
not right ventricle of atriume Although the pressure in
the coronary sinus may be equal to aortlo systolic, still the
flow in the major coronary artery branches is not reduced to
any significant effecte FPressure in the right atriwm is
approximately O-8 mme Hge, in coronery sinus it is O«5 mm.
Hg, whereas in great oardiec vein it is 10-15 mme Hge

BEven with the ligation of the coronary sinus the
peripherael venous pressure returns to normael within thirty
deys. So inoreased right atrial pressure is not likely to
influence the coronary inflow (201).

Through #nterior Cardiac Veins - (90, 94, 120).

About §0 to 92 percent of right coronary artery
inflow dreins into the right atrium through anterior ocerdiac
vein (91). Only a smaller amount of the left coronmary is
drained by this waye Anatomiocally it drains the region
supplied by right coronary arterys. The drainage of most of
right ocoronary artery through the thebesien wvenous system is
questionable on acoount of non-phyeiologioal experimental
procedures. Katz found e considerable right ventriocular
thebesian drainage, whioh is an important element in coronary

drainage (120).




21.

Luminal Vessels.

It has been shown that coronary vessels communi-
cate with atrial and ventricular chambers by thebesian
and luminal vessels (218, 219, 220, 192). In spite of
much experimental work, there is nothing suffloiently
conoclusive about the function of these vessels in relation
to their direction, extent of blood flow, and the funotional
value in myooardial ischeemia due to critical objectlon
to the pitfalls of experimental methods (91). But many
poople believe that this system drains about 40 percent of

venous blood. (8)

De. Regulation of Coronary Flow.

A very brief review of regulation of coronery flow
will be described as there is still much confusion existing
regarding the dominant ocontrolling mechanism among the
research wrkers (91, ,32, 74).

Important factors regulating the ocirculation of
coronary arterial system is both physical end chemicel. The
flow varies directly with the size of the vascular bed and
the pressure, but 1t varies inversely with resistanoce, the
back pressure at the end of the system amd viscosity of blood.
Resistance of ‘the wascular bed is found mostly in arterioles
or vessels of one millimeter or smaller diameter, which can

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

By using various methods Gregg (91) could not
find any relationship between aortic pressure amd ooronary
flow in the beating heart in situ although other investigators
were able to vary systolic and diastolic pressure with mean
aortio pressure as & factor determining the coronery flow.
Clinically these factors ere independent. Anrup and his
assoclates were able to vary systolic and diastolio pressures
widely without affecting the coronary flow provided the
mean pressure remained constant. So the mean aortie pressure
is seen to be main controlling agent of the coronary blood
flow (2, 3)s The most important factore in ohanges in flow are:
1) the pressure relationship between coronary artery and vein;
2) various cerdiac reflexes;

3) change in cardiac output;
4) cardiac rate, blood metebolites and ions (91, 94, 116).

The elasticity of large coronary arteries are an
important fector in considering the relation of aortic pressure
to coromary flow. This elastioity would allow the arteries
to funotion as reservoir which is lost in atherosclerosis.
Consequently there will be a smaller flow at the same pressure,
so rise of blood pressure in arteriosclerosis or aortic
insuffioiency is of some value for blood supply to the myooardium

(91).
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E. Innervation of Coronaries.

The intrinsic smooth musocle of the ocoronary
vessels hay oontract and relex by the action 6f ocardiac
nerves altering the coronary flow accordingly. The
inhibitor and oconstrictor fibres are predominant in the
vagus while dilator and activator fibres are in the sym-
pathetio nerves. It is very diffioult to establish the
separate effect of nervous influences upon the myvoardium
and coronary vessels because of the intimate physiologioal
function of these struotures (39, 41).

Important vasomotor reflexes adapt the coronary
flow to inorease work of the heart. Such reflexes
originate in the heart and great vessels producing coronary
dilatation. This has been thought due to vagus inhibitione.
Anrup and Segal proved this by vagotomy then stellate
ganglioneotomye They thought their experiments demonstrated
vasooonstriotor fibres to the coronary in vagus and |
vasodilator in sympathetic (4).

F. Oxyegen Lack and Carbon Dioiide Exocess.

There is inorease of flow in anoxia due to deoreased
coronary resistance (226, 91). The flow increases up to 200
percent and an oxygen saturation below the 20 percent level

produces maximum dilatation. High carbon dioxide and laotlec acid
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lovels do not produce the dilatory effect in the
presence of normal oxygen concentration. In most of
the anginal cases this factor probably plays &irole in

inoreasing the blood supply by acoumulation of metabolites.
(91)
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CHAPTER IV

PATHOLOGY

Nerrowing of the coronary arteries is mainly
due to arteriosclerosise This may be localized to the
ocoronary arterial system or a generalized process
involving all of the arteries of the body in approximately
equal degree. Coronary ocolusion, myocardial inferection,
engina pectoris and acute coronary insufficiency are all
essentially manifestations of the same underlying process
of arteriosclerosis involving the coronary arteries. 1%
is the latter group which is amenable to surgical treatment
and better oclinical result. Coronary arteriosclerosis is
essentially an occlusive process of the large and medium
slzed coronary wrterles due to progressive subintimal
thickening and is invariably limited to the visible epil-
oardial coronary vesselss The smell branches without muscle
coats are generelly spared (180a). Thus there are
possibilities for the development of an adequate collateral
blood supply through these smaller branches (63, 75).

Subintimel thickening may progress to another stage
when plaques of subintimael deposition of cholesterol or of
actual ulceration predisposing to thrombus formation with

complete obliteration of the lumen may ocour. At the same




time, the media adjoining the cholesterol deposlt may
undergo degeneration (326).

Maoroscopically the internal structure may be
goriously deranged or it may be greatly thickened and
harde Microscopioally the changes are lﬁmifod chlefly
to the subintimal and intimel layers where any combination
of neorosis, haemorrhage, ulceration, calecification or
connective tissue preoliferation may be seen. Medial
sclerosis also may involve these vessels and reduce or
obliterate their lumina (175).

The anterior descending branch of the left
coronary artery is the most involved due %o soclerotio
changes. It oocours in the proximal three centimeters.

The site of the resulting infarct is in the anterior wall
of the left ventriole and the anterior inferior part of the
interventrioular septum (179).

The most common complication is mural thrombus
rather than periocarditis which explains the faot that the
infarotion occurs more markedly towards the endocardial
surface (118). The sclerotiec process also decreases as one
travels distally down the artery.

It has been found that the patients suffering
primarily from sngine showed complete blockage of at least

one major artery. The more prolonged ceses showed diffuse myocardial




fibrosise. After infarction has occurred there can be
little change in the size of the infarcted area even by

the introduction of & quantity of oxygenated blood from

an extra cardiac source. The ischaemic fringe area

where the blood supply has not been compromised completely
can be improved by this type of proocedure, end angina
emeliorated. The development of collateral oirculation
between the verious segments of the coronary arterial
system is unpredictable due to the marked variation in the
vescular pattern in different individuals. Moreover, this
newly developed collateral circulation cannot significantly
inorease the total amount of blood aveilable for myoocardiel
metabolism and nutrition if there is diminution of coronary
supply in appreciable amount.

Wheh there is acute occlusion which follows
suddenly after gradual decrease of the lumen of am artery,
the ischaemie may promote the development of sufficient
ocollaterals to evoid infarotion entirely, as has been seen
in some human specimens (53, 76).

The presence of a moderate degree of ischaemia does
play an important role in the promotion of an enastomosis;
this has been shown in human and animal experiments using
arterial implantse This is probably on the basis of pressure

difference in the myocerdial zone in need of more blood (65)e
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CHAPTER V

Principle underlying the different surgical pro-

cedures practiced at present.

Beck I Operation

Internal Mammary Implantation

Bilateral Internal Mammary Ligation
Cardiopneumopexy

Synthetic Tube Implantation from the Aorta into

the Left Ventricular Myocardium,

Brief review of operations undergone in experimental

or clinical trial,
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Beck II

Muscle,Omental, Je junal, Graft

Cardiostrathorrhaphy

Thebesian Vessels supplying nutrition to the Myo-
cardium,

Direct Coronary Artery Subune Anastomosis

Endarterectomy



29.

CHAPTER V

I. Principle underlying the different surgical procedures
practiced at present.

&. Beck I Operation.

This operation consists of the following
components:

1) The mechanical abrasion of the epicardium and the
inner surface of the fibrous pericardium with a
specially designed burr.

2) Application of an inflammatory agent like «2 gm. of
powdered asgbestos to the surface of the heart.

3) Partial ligation of the coronary sinus near its
ostium into the right auricle by 3 mm.

4) Appliocation of tissue graft, i.e., the abraded peri-
cardium and vasculer mediastinal fat to the surface of
the heart.

Above steps of operation have been developed by

Dre Beok after years of experiments on thousands of dogs

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

The first step of mechaniocel abrasion produces

mild inflemmatory reaction whioch leads to the growth of

intercoronary arterial communications and removes the

barrier for extra myooardial anastomosis. Stanton and Beok

in 1941 demonstrated that this produces an effective stimulus




to the development of interocoronary channels (191, 12, 31).
They reduced the mortality from 70 to 38 percent by this
one step of operation. Beck also showed that there is
objective evidence of extracardiac circulation when the
epicardium is removed (13).

Powdered asbestos acts as ean inflemmetory agent
and stimulates intercoronary anastomosis (13)s. Beck and
group showed 2 gme. of asbestos powder produced a more
favourable reaction. But Thomson still uses taloum powder
and states it to be the perfeot irritant. He is still
oontinuing the operation of ocardiopericardiopexy as he
advoostes it to be much safer proocedure with a satisfactory
result (198, 199, 153, 67).

Grefting of the mediastinal fat pad 1s for the
possible growth of extra coronary communication from the
branches of internal mammafy supplying the mediastinum and
perioardial fat pad. This was suggested by Moritz and
Hudson by demonstrating amstomotio vascular channels in
adhesions between the heart and pericardiwm. It was later
confirmed by Tichy and Moritz (141, 14).

In 1934 Robertson in his attempt to ligate in
stages the maln wenous ohannels end arteries of the heart,

observed much haemorrhage when adhesions were seperated




end the underlying heart beceme cyanotic. He concluded
that the "myocardial nutrition distinctly depends upon
vessels contained in the adhesions." There was no
ocontrolled statistical data as rega;ds this conoclusion
based on his opinilon.

Partial ligation of coronary sinus provides
for greeter extraction of oxygen from blood in the
capillary bed and stimulation of intercoronary communiocatione.
Ligation of coronary sinus as a treatment for coronary
artery insufficiency wes first done by Gross in 1936 and he
showed that there was no infarotion or reduction in the
gize of the infarot when the left anterior descending branch
was ligated. There was also an inorease in the nutrition
of the myocerdium one week after the experimental procedure.
In 1937 they also reported that the ocoasional disappearance
of anginal pain during an attack of right sided heart
failure was due to an increased tenslon in the coronary
sinus and possible back flow through it (37, 100, 101, 171,
172, 82). This was corroborated by Ungerleider by showing
that it was possible to ppen sufficient number of ocollaterals
by raising venous pressure to prevent infarotion following
ooronary artery ligation (202). Beck and Mako reported the

reduction of frequency and size of infarction when the sinus

31.




was ocoluded for more than six dayse Fauteux in 1939
and 1940, Ripstein in 1948 ocarried out a series of great
oardiac vein ligation and reported that this operation
had a proteotive effect against coronary artery insuff-
icienoy. They had seventy percent benefit and one of
the Fauteux's patient who died after two and a helf
years showed great increase vascularity (77, 78, 80,81,
168).

Eckstein in his series of experiments showed
that when the coronary sinus pressure is elevated from
30 mme fHge to 90 mme Hge, the back flow is inoreased from
6 to 1146 occ. per minute and the blood was reduced to
contain but 3.2 volumes of oxygen per 100 oce. whioh is the
proof of its capillary passage and provides substanfial
evidence that blood flowing through myocardial ocapillaries
does give up oxygens Baily also states that simple ligation
of coronary slnus may be considered as a %total revascu-
lerization procedure although a lesser degree of inter-
coronary overdevelopment is obtained by this (71, 49).
This step has been added to the internal memmary implant
with the hope to increase the percentage of benefit to the

patients.,
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The Beock I operation prevents the mechanism death
which is the main oause in ninety percent of ceses. This
is due to electriocal instabllity and noncoordinated mechanism
of heart beat as a result of oxygen differential in the
muscle at the periphery of the anoxic zone. When the heart
is uniformly anoxic, it exhibits electriecal stability and
there is no difference in resting electric potential to
produce spontaneous ventricular fibrillation. But when a
small ares of the myocerdium becomes ischaemic it sends
out impulses which destroy the normal mechanism dus bo
different electrical potentiale The myocerdium becomes
eonvulsive end goes to fibrillation. In severe exercise
probably the same thing happens that destroys the co-ord-
inated beat. This ischaemioc zone 1s called the "Trigger
Zone" by Beck (26, 22, 24, 32, 28). .

A small quantity of blood as even 1 to 5 oce.
per minute can reduce the irritability and prevent firing,
preserve the  viability of myocardium. In Beck I operation
this oriteria is fulfilled by development of intercoronary
asastomosis as the importance of the procedure 1is the
uniformity of distribution of available blood and not the
total amount of coronary artery inflow. Leighninger re-

ported by back flow studies that in Beck I operation it is



muoh higher in comparison to the Thomson and Vineberg
operation (127). As early as three weeks post-operative
the collateral bed can be shown by injeotion studies and
the anastomosis between cardiac and extra dardiac vascular
beds are functional by that time. This is questioned in
our experimental procedure of gradual myocardial ischeemia
(32, 28). Beck reported his good result in 170 cases,
with 8 percent mortality.

Be Left Internal Memmary Artery Implantation and Coronary
Sinus Constriction.

In 1946 Dre. Vineberg reported on the study of
the left internal mammery implent into the left ventricular
myocardiume In this laboratory during this last eleven
years, several hundred experiments on dogs have proved the
following facts:

1) When internal mammary artery is pleoced in the left
ventricular myocardium it grows arteriolar branches
which anastomoses with the arteriolar branches of
the left coronary artery.

2) Blood flow is in the direction of ischaemic myocardium
sufficient to protect the heart. Blood could be
perfused under constant pressure equal to the mean

aortic pressure into the coromary vascular system



through the implanted internal mammary artery at
the rate of 45 co. per minute.

3) Mortality is reduced after anterior descending branch
of the left coronmary artery is ligated.

4) It has been also shown that the percentage of anastom-
oses has also increased from forty-six to eighty-nine
percent for implants in normal to ischaemic heart (44,
150, 65, 154).

After several refinements in technique, the
operative procedure is as follows: It consists of freeing
the left internal memmary artery from the chest wall by
ligating and transecting the bffanches up to sixth interspace.
The internal mammary is divided between two ligatures distal
to sixth interspece. The proximal free end of the artery is
pulled into a tunnel made in the wall of the left ventricle.
Before it is drawn into the tunnel the sixth intercostal
and other branches are cut so that blood escapes freely
through it from the artery into surrounding myocardial
tunnele. Following this mediastinal, diaphragmatic and
phrenio fat pad are reflected and placed in direct contact
with the left ventricular myocardium without interfering
with the implant.

By this procedure the blood readhes the myocard-

ium immediately end within three to four weeks through
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arteriolar anastomosis. These anastomotioc branches have

all the histologio characteristics of vessels.

In performance of this implant procedure there
are certain generalized items of technique which were not
followed by other workers who could not reproduce Dr. Vine-
berg's result. These have been mentioned by him repeatedly
and will be mentioned here briefly:

1) The dissection on the internal memmary artery from the
chest wall should be performed with extreme gentleness.

2) DNo instrument or olamps of any kind should be used
upon the artery.

3) There should be no angulation of the artery as it enters
the tunnel.

4) There should be an effort made to have the artery under
the same amount of tension in its new site, as it was
under its original position on the chest wall.

5) Myocar@ial tumnel should not be over ome inch in length
end should be placed in the middle third of the thieck-
ness of the left ventrioular myocardium (54A).

The ooncept on which this procedure is efficacious
is simple and based on the present day enatomical and path-
ological studies of coronary artery disease. The arterio-

sclerotioc lesions of the coronary artery are most commonly
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found in the superficiel epicardial vessels at its origin
or within the first few millimeters. It ocours only in e
smaller percentage in the deeper myocardial vessels whioh
have an extremely well marked spongelike vascular networke.
Implantation of the left internel mammery artery in this
rich spongelike vascular network when arteriolar anastom-
osis oocurs supplies blood to the area beyond the site of
obstruction. These anastomotio channels take about five
months to develop fully to counteract the reverse trigger
zone of Beok (65).

Criticism of immediate and delayed thrombus
formetion, disappearance of anastomotic channels after
six weeks, intimal proliferation in larger percentage by
Glen, Baily and group have been rejected due to the failure
of following the steps and precautions of operation as
deseribed above (46; 84, 142). Buller showed large
arteriolar anastomotic branches after eighteen to twenbty-
five months on dogs' hearts by digestion cast. In
eighteen month old human hearts, the internal memmary
artery has been found patent with large arteriolar anastom-
otic branohes and no intimal proliferation. Sabisten and
Blalock reported 92 percent patency and 82 percent anastomosis
when left common carotid artery with branches were implanted

into the left ventrioular myooardium. But in man




unfortunately there is no other artery of greater
diameter than internal mammary which is available
inside the thorax to be saorificed. Implantation of homo-
grafts in this laboratory and others have already reported
the high incidence of thrombosis (174, 180B, 82).

Bellman reported an excellent study on anastom-
osis of Vineberg implant by mioroangiography and concluded
that the branching is confined to the distal third of the
implant and the cut branches or scalloped openings in the
implant are not related in any way to the branching, which
they postulate to be from vasavasorum, ﬁhioh is questionable.
Eitraoardiac branches of the implant never communicate with
coronary arteries (51). Very few people besides Dr. Walker
heve given & cliniocal trial for proper eveluation. Vineberg
end Walker series of 107 ocases operated until today report
seventy-eight percent cure after the procedure.

Coronafy sinus oconstriction to 3 mme. diameter has
been included to evaluate if the improvement could be
inoreased beyond seventy-six percent by the addlition of this
step to implantatione The éeohnique and steps of the operation
are the same as described in Beock I. The rationality of its
application is the ssme as Beck I operation, 1.e., 1) greater

extraction of oxygen from blood in the capillary bed; 2) stim-



ulation of intercoronary communication, which does not
interfere with development of anastomotic channels from
the implent.

C. Bilateral Internal Mammery Ligation

Direoct communication between extracardisac
branches of coronary arteries and the pericardial branches
of the internsl mammery artery has been shown to exist
around the root of the aorta, pulmonary artery and vein,
round the ostia of the superior and inferior venacave and
intervascular pericardial reflexions. Widespread anastom-
osis between the auriocular and coronery branches to the peri-
cardial fat with pericardiophrenic of internal mammary by
injeotion of India ink and bismuth oxychloride under positive
pressure of 220 mme for five minutes was shown by Hudson
and Maitz in 1982 (114).

In 1939 Fieschi also described vascular channels
form the internal mammary artery through its pericardio-
phrenic branch into a few perisortic and peripulmonary
arterial rami. It was his hypothesis that the coronary
arterial blroulation might be favourably influenced by
creating hypertension and directing en inereased amount of
blood to the pericardiophrenic to ppen enastomotic channels

with coronary arteries.
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In 1955 Battezati injeoted methylene blue
and India ink into the internal memmary artery in the
second interspace and found an excellent vasoular
network within the parietal periocardium and on occasions
the dye was seen in the vascular rami of the myocardium
and epioardial fate. Similar was the finding in dogs.
They also reported clinical improvement on human patlents
by this prooedure. (404, 794) Griffin end Glover also found
slight increase in blood flow to the myocardium in their
experiments, but they find objective evidence lagging
behind the observed clinical improvement (102, 103).

This operation is simple and done under local
enaesthesiae The internal memmary is exposed in the
second intercostal space and divided between ligatures.

In my experiment the subolavien and all its
branches, except the internal memmery, has been ligated
to have the maximum of the hypertensive effect as
suggested by Dre. Blaloock. The results are reported later

as gtudied by Schlesinger and India ink Injeoction studye.




Series E. Cardiopneumonopexy

Lezius in Germeny first described the operation
of using & lung graft for revescularization of the myo=-
cardium. His method of cardiopneumopexy consisted of
painting acriflevin sclution to the myocardium and lower
middle lobe of the left lung and to suture them together,
This was carried out on eighteen dogs, out of which two
died of open pneumothorax (139, 131).

Carter, Gall and Wadsworth in 1949 thought this
operation to be simple and practical for coronary insuff-
icienoye In their series of experiments on fifty-four
animals there was ninety percent mortelity on control dogs
after ligation of anterior descending branch, but one hundred
percent survival after cardiopneumopexy. They found
f£illing of the superficial vessels in the myocardium by
injectlion of ten percent suspension of India ink in blood.
In thirty days there was early orgenized reaction with
formation of small thin-walled blood vesselse In forty=
five days there were newly formed blood vessels, and in
sixty days there was complete replacement of the epicard-
ium by numerous blood vessel invasion (66). But there are
severel oriticisms of the operation regarding the direction

and volume of blood flow and degree of oxygenation which
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is not kmown. Wigger has shown that the direction

of flow in a given area is proportional to the pressure
differential in that area, and regarding oxygen saturation
it has been shown that oxygen tenslon of pulmonary artery
venous blood is high enough to nourish e& starving myocard-
ium (56).

Many authors, however, believe that the main
benefit of this procedure is from the formation of inter-
coronary anastomosise.

Smith hes modified the operation by applying
phenol and powdered asbestos into the myocardium et the
site of the graft. He also found a higher percentage of
proteotion by the above proocedure and recently he has
performed the operations on humen hearts with coronary
insufficiency (189).

Bloomer and assoclates have tried to alter the
pressure relationship by ligating the pulmonary ertery
supply to the llving segment employed in revascularisation.
They have demonstrated well expanded collateral arterial
oirculation at the end of two and a half months end in almost
all the animals there was a plexus of vessels each exceeding
e diemeter of 50 mioron diameter after six months. No data
on the experimental effectiveness of this method in the
prevention of infarction and mortality consequent to

experimental coronary insufficiency was published. These
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experiments were done on normal animal heerts (48, 49,
119, 122),

There was also retrograde injection of pulmonary
artery from periphery. In these animals there were inter-
ooronary collaterals as early as fifteen weeks in fifty
percent of ocases.

The prinoliple is based on the following factss
1) By ligating pulmonary artery it induces the Bronchial
collateral circulation.

2) Bronchial artery as & branch of the sortg has & higher
pressure than pulmonary to compensate the pressure differ-
ential in the myoocardiume. It arises from first to fourth
aortioc intercostal arteries from each side. Pulmonary
arterial pressure is approximately two millimeters of
meroury which can not revascularize an area with a per-
fusion pressure of at least sixty millimeters of mercury
higher.

The Author found this to be a more rational oper-
ation eamong all the modifications of cardiopneumopexy.

On & series of ten animals with vaselinized amercid con-
strictors this operation was oarried out to test its effi-
ca.oy.

Recently Prudden published on experimental re-




sults of another modifioation of cardiopneumopexy. He
made a direct end to end subolavian left lower lobe pul-
monary artery anastomoeis to produce a high pressure
oardiopneumopexy on eighteen animals. Although they had
less compliocation in the grafted lung in contrast to
other types of lung graft, there was no vascular commun-
ications between the coronary and lobar oirculetory
network due %o a oonnedtivo tissue filled barrier between
the interface of the onlay and the myocardiume But his
mortality was only twenty-one percent in operated animals
after anterior descending branch ligation (1654).
Garmella and his assoclates reported about a
modified form of cardiopneumopexy employing pulmonary
segmental resection. Mortality was only 25.§ percent
in contrast to fifty-five percent in control series,
but it did not reduce the severity of myvcardial ine-
farotes. Compliocations like atelectasis, haemorrhage, and
fluids in the chest were definite disadvantages by this

method (104),




SERIES E
Synthetic graft implantation from aorta

into left ventricular myocardium.

Smith and his associates reported on the
nyloh prosthetic graft implantation for myocardial re-
vascularization on twenty-one dogs and two human patients.
Anastomosis was proved on animals by injeeting Diodrast
and fluorescein into the graft which reappeared in the
coronary circulation and later in other parts of the
body. On x-ray there was pooling of Diodrast at the end
of the implant, His two clinical cases also improved
after such a procedure, There is no objective evidence
of anastomosis and he has postulated that communication
occurs with myocardial venous system (187),

This prompted the author to try prosthetic
graft implantation in our ameroid treated dégs with cor-
onary insufficiency as the Smith and group experiments
were done on the normal hearts., Instead of using a nylon
tube, polyvinyl sponge called Ivalon, made into tubes,
was chosen. for the purpose due to the following advant-
ages over cloth grafts:

1, The absence of inside seam

45.




2,
3.
b
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The blood tight characteristics of the material.
Easy accomplishment of suture anastomosis.
Wide use of polyvinyl sponge inside the heart

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

IN EXPERIMENTAL AND CLINICAL TRTAL

A.BECK TI OPERATION

After many modifications, Beck devised his oper-
ation for myocardial revascularization by arterialization
of coronary sinus in two stages. At first a jugular vein
graft i put in between the aorta and coronary sinus (16,
19, 20, 28)., Subsequently after three weeks the coromary
ginus is constricted by & ligature., This was modified
later by Baily into a one stage operation by direct anas-
tomoses of the aorta to the coronary sinus. In the be-
ginning the results were very encouraging as the grafts
remained patent in 92 percent of animals,

All physiologic studies like pressure flow, and
oxygen content revealed that the graft could maintain
arterial pressure distal to an occlusion and that the
blood had actually passed through the cabillaries.

Later study by Eckstein and Leighninger revealed that the
graft perfuses the coronary bed for about five weeks and
then loses functional contact with it. This is because

of obliterative venous changes in response to the height-

ened pressure. Any improved blood supply after five weeks
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were shown to be due to the formation of intercoronary
anastomosis, Thus the coronary capillary bed is per-
fused with oxygenated blood from the aorta through the
graft for the first five weeks only (43, 45, 47, 72).
Moir and Pritchard studied a group of patients
with coronary artery disease in whom the Beck II pro-
cedure was done. They reported no circulatory abornor-
mality among.those in whom the graft was thrombosed,
However, those patients with patent graft demonstrated
haemodynamic changes of an arteriovenous fistula like
greater blood volume, decreased effective systemic flow,
decreased peripheral resistance and increased cardial

output leading to cardiac failure (144).

Bl MUSCLE GRAFT

In 1935 Claude Beck reported that it is possible
to protect dog's heart with coronary ligation after graft-
ing a flap of the left pectoralis muscle to the myo-
cardium,

He reported in the same year on one case which
showed improvement after the muscle graft. Later the pro-
cedure was modified to use a smaller part of the muscle,

In addition, powdered beef bone was used to produce inflamm-

atory adhesions., In 1943 they reported on the follow-up of
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thirty-seven cases, of which 62,2 percent survived the
operation. At the time of the report fourteen were
living. This operation was abandoned by Beck and group

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

2. OMENTAL GRAFT

In 1936 and 1937, O'Shaughnessy first reported
the use of mmentum as a source of fresh blood for the
coronary system. Evidence of anastomosis between the
vessels of the omentum and the heart was found in exper-
imental animals. The same author also reported twelve
patients on vhom the operation was performed, out of
which eight were survivors with signs of improvement
(156, 157).

This was modified by other authors to extra-
pleural omentopexy instead of intrapleural (Lancet, 239,
36:1940). But the operation fell into disuse because of the
high mortality rate die to the abdominothoracic approach

and introduction of simpler operations (60).

3, JEJUNAL GRAFT

Baronofsky and his associates‘reported that after
a loop of jejunum was placed on the left ventricular myo-

cardium of dogs, the survival after anterior descending occ-




lusion was 75 percent in comparison to 35 percent in the
control group. The mechanism of this protection was not

clearly defined. (42)

C. CARDIOSTATHORRHAPHY

Allen in 1951 reported another surgical procedure
for the treatment of coronary occlusion on the basis of
improving the function of that ventricle which had been
rendered less efficient by having had a portion of its
wall thrown out of function., In experimental animals they
have been able to splint and stabilize the ischaemic area
by using sutures made from strips of pericardium or strips
of fascia which were woven through the area of the myo-
cardium. Their experience on twenty-one animals proved it

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

D, THEBESIAN VESSELS SUPPLYING NUTRITION TO THE MYOCARDIUM

Anatomical and physiological basis for the Theb-
esian vessels as a source of myocardial nutrition has al-
ready been discussed. Vineberg reported in the Canadian
Medical Association Journal in 1953 his experimental
attempt to create artificial Thebesian canals to re-
vascularize the heart, The method followed was to implant

an open arterial homograft from the ventricular cavity in-
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to the wall of the ventricle., In only one animal was
there slight evidence of anastomosis and a patent open-
ing into the ventricular cavity. Massimo and Boffi re-
ported implanting a polyethylene T. tube, the vertical
branch of which is directly connected with the left
ventricular ca¥ity while the horizontal branch was em-
bedded in the myocardium. This was performed on thirty-
two dogs with no mortality. They feel the blood is
transported to the coronary circulation and a continuous

flow of blood is established under sufficient pressure

(145).

E, DIRECT CORONARY ARTERY SUTURE ANASTOMOSIS

The feysibility of coronary artery suture
anastomosis was demonstrated in 1940 by Gordon Murray.
Recently Thal and his associates reported a technique of
direct anastomosis of the internal mammary artery to the
circumflex coronary artery in which oxygenated blood was
shunted through the anastomosis in seventeen animals,
Seven out of these seventeen had patent anastomosis after
a two-to-six month period. No demonstration of long term
survival with widely patent anastomosis has hitherto been
accomplished due to high incidence of thrombosis in small
blood vessel anastomosis which is shown to be greater with-

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

(195).




F. ENDARTERECTOMY

Julian and his associates reported in
Annals of Surgery (136, 459:1952), that the peripheral
arteries can be incised widely and under direct vision,
a sufficient thickness of the hyperplastic intimal and
medial wall can be curetted out.

Baily and Ray after animal experiments re-
ported two successful human cases coronary endarterec-
tomy in J.A.M.A. 164, 641-6, 1957. As the branches of
the coronary artery in its subepicardial course does
not reduce its lumen rapidly, the curette could be
easily introduced from the distal portion towards the
blockage for curettage without much difficulty. The two
human cases reported had blockage of the lateral branch
of the left circumflex artery. A tubular cast of about
seven mm., long was removed and pulsation revived in both
the arteries.

This procedure is an experimental one and
there is no long term follow up. Bleeding from the end-
arterectomy site was a common immediate post-operative

complication,



CHAPTER VI

THE EXPERIMENTAL PROBLEM

In large proportion of the experiments performed
to solve the problem of coronary insufficiency surgleally
have been done on a normal heart followed by ligation
of one or more of the branches of left coronary artery
after days or weeks to test the efficacy of the operation.
Some of the operations have also been transferred to
human patients with encouraging result, though not widely
aocepteds The main oriticism of this type being super
vasoularization rather than revascularization.

The ameroid plastioc in a stainless steel jacket
as devised by Litvek in this laboratory showed that the
rate of closure of the ameroid was fairly constant and
reasonably predictable in vivo to produce coronary in-
sufficiency. These ameroids in this experiment were
treated with vaseline to delay the rate of closure. As
this device was very satisfactory for the purpose of
producing ocoronary insufficiency, & series of experiments
to test the efficmcy of different surgiocal procedures |
practioced at present, on the ameroid treated heart of

dogs, wes planned. It is well kmown that none of the
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surgical procedures have wide acceptance and moreover

literature on this subject of different operations for
the treaiment of coronary artery disease appesr to be

very veriable.

Experimentally the following operations were
carried out on ten dogs in each series wikth ameroid
constriectors.

1) Ameroid constriotors for control.
2) Beck I operation.
3) Internal Memmery ligation.

4) Internal maymary implantation with constriction
of ooronary sinus.

5) Cardiopneumopexye

6) Cardio-eortic Ivalon tube implant.

First - studies were performed in all of these instances
on the survival of these animals in ocomparison to control
sories.

Secondly - study of intercoronary anastomosis and the
extracoronary vascular supply to the myocardium by
Schlesinger injection and x-~raye.

Thirdly - Study on coronary and extracoronsry engiography
in opereted animals for visualisation of extra ocardiac
blood supply %o the myocardiume

Fourthly - sbodions through the ameroid constrictors and




the left ventrioular myocardium for mioroscopie study
of amount of olosure of the arteries and infarctions
respectively were done.

For the purpose of coronary end extracoronery
angiography in situ in the living ensesthetised animels,
the assistance of Dr. F. Grainger and Dr. Re Fraser of
the Department of Radiology, Royal Viotorie Hospital,

was utilized.
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CHAPTER VII

Ao Brief Review of Coronary Insufficiency in Experimental
Anmls .

Many methods have been used previously for pro-
ducing infarcts in animals' heart but most articles in the
literature give inadequate statistics regarding early,
late mortality, and extent of infarotion. The most pop=
ular method to test the efficlency of an operative pro-
esdure is to ligate one or more of the main branches of
the left coronary artery following ih days or weeks after
the operative prooedure on normal heartes The main criti-
oism of this being a procedure of supervascularization
rather than revasoularization. Significant doubt also
has arisen conocerning the applicability of mortality rate
to every experimental trial. Hann and Beck report a con-
sistent operative mortality of approximately 70% in their
control animals which is questioned by others (109).

The problem of produoing coronary insufficiency
in dogs has been a difficult one. Since the eighteenth
century, several methods have been tried in order to effect
gradual occlusion of blood vessels by both extra and intre=-

luminallye. Sorew, gadgets, spring as a compression devioce

have been tried before without good results (121). The major
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disadventege being infection invading the artificial sinus from




outside, haemorrhage due to infection, compression atrophy
and intravascular thrombosis. (129)

Methods of internally obstructing arteries like
fascial plugs, short tubes, springs and thin wire with or
without use of coagulating currents have been tried but
they are most unsatisfactory as they produce rapid throm-
bosis plus danger of embolism and finally recanalisation
in some instances which may or may not be desired. Recently
small segments of polyethylene tube have been inserted into
the arterial lumina with the same type of poor result. (181)

Injection of irritant solutions like iodine,
silvernitrate, acriflavin, silicon particles and the sclero-
sants like sodium morrhuate into the tunica adventitia to
produce mild to marked fibroplasia with resultant narrowing
of the vascular lumen have been tried without much success.(135)

Besides cellophane, pdlyethylene, dicetyl-
phosphate have been used by warious groups as Abbott in
1949, Shapiroff, 1950, to produce fibrotic reaction around
the arteries leading to diminution of lumen of the vessel,
This was also experimented by Litvack in our laboratory
and he found a variable amount of fibrotic readtion in the
tunica adventitia of these arteries. None of the other

vascular tunics were involved in this reaction amd at no
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time was the free flow of blood impeded in any of the arteries. (129)




Be Technique of Ameroid Casein Plastioc in Producing
Coronary Insufficiency

Berman in 1954 used casein plastic material
enca.sed in a rigid shell whioh ocould occlude vessels in
the dog in & prediotable time. Casein is derived from
skim milk as Rennet Casein. It is ocoloured white for
the experimental purpose and is obteined from American
Plastic Corporation of Bainbridge, New York, in form
of round bars. It is fairly tough and strong. Its two
mo st important fectors are its hygroscopio nature and
its curing in formaldehyde. The combination of thesge
two fectors produce gradual obliteration of the lumen of
any blood vessels,

Litvack used these casein plastics called amer-
0oids in stainless steel housing for producing coronary
artery insufficiency with much success. Following is the
size of ameroid jacket in inducing coromary insufficiency
in the experimental animalt~

Ameroid inside diameter ~ = 3 meme.

Ameroid outside diameter- - 6 mem.

Total outside diameter — - 8 mem.

Length - = 5 meme

Slot in Ameroid - = 5 memo

Slot in Stainless Steel
jacket = =1¢0 meme
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PLATE NO., 2

Photograph of amerocid constrictors used to produce coronary
artery insufficiency. Note ameroid casein plastic with
slot to fit over artery and encased in steel jacket.
Absorption by casein plastic is controlled by coating

ameroid surface with vaseline,
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By using the above size ameroids without any treatment
around the anterior descending and circumflex branch of
the 1left coronary artery on twelve dogs the survival
days ranged from four to twenty-six days. These twelve-
animals were studied by E.K.G. which revealed gradually
increasing myocardial ischaemia, injury and derangement
in'the excitability and conductivity.

Microscopic examination of all sleeve en-
cased coronary artery segments revealed that none of
the lumina were completely occluded, The final luminal
diameter is estimated at 1/10th to 1/8th of normal.
Tunica adventitia was thinner and coarser blending with
tunica media after fifteen days. Tunica media showed
changes of gradual thickening with few inflammatory
cells. The heavy smooth muscle fibres seemed to lose
their identity early and revert to a fibrocollagenous
appearance,

These findings correlated with the clinical
courseof the above animals suggests that total anatomical
occlusion of these coronary arteries was not necessary for
production of wide spread infarction of myocardium and
significant alteration to the depolarization of conducting
system (129). When these sleeves were coated with petro-

latum it produced an almost linear rate of expansion by
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the twentieth dey which le.gged behind the plain and
glycerine coated slesves of the same type. After
twentieth day the luminal dismeter gradually decreases.
There is generally an initial burst of swelling over
the first two weeks with coated and uncoated sleeves
which is followed by slower rate of expension.

This gradual occlusion of arteries by the
ameroid plastic sleeve is acoomplished by means of
1) Bygroscopic swelling of the plastic whioh mechanically
narrows the vessel. 2) Fibroplastic reaction in the
arteriel walls. 3) Intraluminael thrombosis withi .
organization and intimal hyperplasia.

For eveluating the efficacy of the different
surgical procedures the above technique in a modified
form was adopted for our experimental purpose (129).
Following is the technique that was used in our series
of experiments.

The ameroid sleeves as required for the day of
operation were put inside a cleen bottle with fresh white
petrolatum (U.S.P.). The bottle is loosely covered end
placed in & boiling water bowl for one hour, during which
the sleeve absorbs and coats itself with melted petrolatum

at a constant temperature of 94° @entigrade. After one
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hour the sleeves are removed for use. The inside diameter
of the ameroid after this type of treatment with petro-
latum varies from .00l to .003 m.m. due to swelling. ZXach

time new ameroids were treated on the day of operation.




PLATE NO, 3

Control Dog No, 119

Photomicrograph of section through anterior descending artery
proximal to ameroid constriction., Note normal patency of the

artery, Same is also in circumflex branch,
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Dog No, 119
Photomicrograph of section through anterior descending

branch within the ameroid. Note complete obstruction due
to organized thrombus.
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Control Dog No, 119
Photomicrograph of section through circumflex branch within

the ameroid., Note 90 percent obstruction of the lumen.
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Control Dog No, 119

Photomicrograph of section through anterior descending distal
to ameroid constriction. Note normal arteriel lumen.Similar

is the sebtiénc of the circumflex branch,
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PLATE NO. 7

Dog No, 117

Mierophotograph of section through the left ventricle, inter-
ventricular septum and right ventricle. Note the infarcted
area involving the interventricular septum and left ventric-

ular wall, (Innerside only)
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CHAPTER VIII

MATERIALS AND METHOD

Ae. Experimental Animal

In most of the experimental work on cardiac re-
ve.scularizetion, dogs have been chosen in this laboratory
and all other placed. Moreover, the mongrel dogs were pre-~
ferred as they have a) inoreased resistance to operative
trauma and disease, b) ease of procuring, although diffi-
culty was encountered several times during the year, o)
oomparison of result with previous workers in this field.

In literature also there has been extensive writing about
dogs' coronary circulation which has & close resemblance to
common human type.

Mongrel dogs between 42 to 50 pounds were selected
very specifically to have a uniform size of hearts with cor-
onary arteries for production of coronary insufficiency by
ameroid sleeves. Immediately after operation the dogs were
kept in individual cages for € to 7 days after which they were

sent to farm for boarding with oclose watch on their behavioure.

B. The operation

l. Anaesthesia - Standerd anaesthesia of l.V Nembutal
(Abbott Laboratory) in s dose of one grem per five pounds of

animel giving a third plene of enaesthesia for three hours




69

which was enough for any kind of procedure even with

a lone operator,

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

the right side with left side uppermost. The four ex-
tremities were fastened to the upper and lower posts

on the side of the operating table.

3. Intubation - The animals were intubated with rubber
endotracheal tube having a balloon on the end to provide
airtight communication with respirator. Positive pressure
respiration with room air was maintained all time till the
chest was closed and lung reinflated. A pump with large
exchange volume was used for the purpose,

L. Steriligzation - Proper sterile precautions as practiced

in human operating room was practiced, like steam sterili-
zation of instruments and drapes, surgical scrub with wear-
ing of dommed cap, mask, sterile gowns and gloves,
The animal's left chest and abdomen clipped,
shaved and cleaned with soap and water followed by applic-~
ation of Tr Merthrolate Solution 1:1000 sol. Sterile drapes were
applied after the left chest was prepared for sterility.
5. Incision - The animal was sbarted on the positive press-
ure respirator and the incision was made between 3rd to 5th interspace
depending on the procedure for proper exposure of the field of

operation, After the skin was incised from the sternum anter-
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iorly to the line of transverse processes of the vertebra
posteriorly, the subcutaneous tissue and muscles were div-
ided by Bovi cautery and bleeders electrocoagulated. Chest
we.s then opened in the intercostal space required and a

self retaining retractor placed to obtain the exposure. The
respiration was then adjusted by the sorew clamp on the side

erm of the connection with endotracheal tube.

SERIES I. 10 Dogs (65, 129)

Operation for Control with Ameroid Sleeves

This is the ocontrol series of coronary artery
insuffieciency produced by vaselinlized ameroid sleeves
around the anterior descending and ocircumflex branch of
the left coronary artery. All other procedures are to be
ocompared with this series.

Left chest was opened through 4th interspace.
The lung was retracted posteriorly and the pericardium
incised longitudinally parallel to phrenio nerve anteriorly
or posteriorly from its superior refleotion on to the aorta
to halfway between the base and apex of the left ventricle.
No novooaine was used in the pericardial sac routinely to
avoid ventriocular fibrillation. Only on 3 to 4 ococasions it
was necessary when the heart rate went beyond 160 beats per

minute with auricular fibrillation.




T1.

The posterior edge of the pericardium was re-
tracted with self retaining sutures displaying the aree
between the asortic bulb and the left aurioculoventrioular
junotion through which the left coronary artery runse.

The great cerdiac vein turning into the coronasry sinus and
the branching of the left ocoronery artery to anterior descend-
ing and ciroumflex are seen in the esrea. The epicardium

was dissected from these vessels and then by careful sharp
and blunt disseotion, the anterior descending and ciroumflex
brenches just beyond their origin were exposed with their
branches and the origin of the geptal branch identifieds
Elevating ligatures were passed under each vessel and the
vessel was lifted up by gentle traction and a prepared
emeroid was slipped around it using a Lahey oystioc duet olemp.
After this wes completed the pericardium was olosed with
interrupted silk. Penicillin and Dihidro-streptomyein

powder were sprinkled inside the pleural cevity and the
thoracotomy was closed by interrupted heavy cotton peri-
costal suture, continuous 000 cotton in the muscle and cone-
tinuous number thirty size wire in the skin. The lung wes
completely re-inflated through a rubber catheter which was
removed after the closure of the chest. This oﬁeration

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

above procedure was oarried out routinely in the following
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type of experiment to test their efficacy.

SERIES II. 11 Dogs

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

The pericardium was inoised longitudinally ant-
erior to the phrenic nerve and retracted laterally by
reteining suture. By élightly elevating and rotating the
heart the coronary sinus near its ostium into the right
auriole was visualizeds By sharp and blunt dissection the
coronary sinus was isolated from sccompanying arterial
branchese Atraumatic CO0 black silk was passed around the
sinus by reversing the needle and tied over & 3 mesme Beock
probe, Only in one instence the heart went into fibrillation
after the ooromery sinus constriction. So the constriotion
was removed and the heart immedliately returned to its normsl
contraction. This animal was not included in the series.

Then epicardium and inner surface of fibrous
péricardium were abraded by a Beck burre Particular care was
teken not to injure the coronary vessels running close to
the epicardiume. Fine powdered asbestos .2 gms was sprinkled
over the surfece of the heart. The perioardial opening was
approximately loosely exposing a space for suturing of the

vascular mediastinal fat pade Chest was closed similarly as
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described before,

Series IIT, 10 Dogs

Internal Mammary Implantation into Left Ventricular

Myocardium and Constriction of Coronary Sinus (208, 210,
65, 206, 20

The chest was opened in the third intercostal space

and 4th costal cartilage divided for proper exposure. The
8ubcostalis muscle was dissected exposing the left Internal
mammary artery which was freed from the chest wall by lig-
ating and transecting the branches from the subclavian
artery up to sixth interspace. Internal mammary wes trans-
ected distal to sixth interspace and ligated doubly with
medium cotton., The ligation on the end of the internal
mammary is left long and is used at a later stage in the
procedure, A suture of medium cotton is then placed in the
apex of the heart near where the exit of the tunnel will be.,
and the artery lined up with it so as to ascertain the dir-
ection of the tunnel. It is important that there is no ang-
ulation of the implanted artery inside or outside the tunnel.
A small nick is then made in the epicardium close to the
apical suture and a crib artery forceps introduced. This
forcep is then forced gently to make a tupinel of one inch

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

internal mammary artery is then drawn through the tunnel by the




orib forocep. Before it is drawn into the tunnel the
sixth intercostel branch and other branches were cut
so that blood esoapes freely through it from the artery
into the surrounding tunnel. No soalloping was done;
only visible branches were divided. On the average the
openings were from 2 to 4. The ligaturs on the end
of the artery is then eanchored to the apical suture.
Haemorrhage from both ends of the tunnel often occurs but
this is readily controlled by slight pressure. Only 00000
silk was used in ligature of internal memmary branches.
Coronary sinus constriotion was done as described in
Beck I procedure previously.

These are some of the important steps in tech-

nique in implant procedure which are followed sorupulouslys

Noel - Gentle hendling in dissection of the internal mammery

to avoid haematoma or injury leading to eerly thrombosis.

Tde

Noes2 - There should be no angulation or torsion of the artery

inside or outside the tunnel.,

Noe3 = There should be an effort to have the artery under the

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

its originel position on the chest wall. R

Noe«4 =~ The branches should be bleeding freely when the inter-

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

effeots is from washing out of any clots which might have
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formed in the artery durlng the slight traume of disseotion.
It is interesting to note that there has never

been any evidence of haematoma formation in any of the

speoimens studied before end whether the blood stops flowing

due to compression of the myooardium or whether it is

actually being carried awey by any of the disrupted

vessels from the dissection of the tunnel has not yet been

established.

SERIES IV. 10 Dogs

Internal Memmary Ligation (79&, 5, 103)

The chest was opened through fourth interspace and
an ameroid sleeve placed around the anterior descending and
cirounflex branche. The left subolavian artery was identified
and ligated by medium cotton distal to the internal memmary
artery. All other branches of left subclavian were also
similarly ligated individually. Left internal mammary was
ligated and divided in the gecond interspace to lncrease
pressure by diverting all the blood into periecerdio-phrenio
branche The Pericardiophrenic branch was ligated at the apex

of the heart near the diaphragm.

SERIES V. 10 Dogs

Cardio Aortic Ivalon Tube Grafk
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Ivalon tubes were prepared as per the method
by Shumway in 1955. Thin sheets of two millimeter thiockness
Ivalon were slioed. These thin sheets were wrapped
around & glass tube of 5 mem. diameter. Approximately
two layers were used to get the required thickness. External
splinting was done by strongly wrapping around the Ivalon,
Cheese cloth in many layers with uniform pressure and
it was placed in distilled water. Sterilization was done
by boiling for twenty minutes. During this time besides
the sterilization, the fusion of the Ivalon was achieved
and it keeps its tubular shape. It is more impermeable and
not too rigid to lose its elasticity. The proximal
thorecic aorta was dissected and mobilized along its medial
border, The site of anastomosis was then enclosed within
a Beck clamp and a punch hole was made by scissors.
Anastomosis with Ivalon tube was done by continuous 5.0
gilk running suture. The Beck clamp was gradually released
to seal the anastomotic site and to check the free flow of
blood through the Ivalon tube. The segment of the tube for
implantation into the left ventricular myocardium was
scalloped for bleeding and drawn through the tunnel as
desoribed before for implant procedurs. On the average the
tunnels are between 3/4 to 1 inch in lengthe The distal end
of the tube is anchored at the end of the tunmel without ligat-
ing it ocompletely. Pulsation could be felt after gradual

release of the clamp in the aorta.
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PLATE NO.8

Dog Ncn 112
Photograph of the heart, aorta, and Ivalon tube from the aorta

to left ventricular myocardium. Note: 1.) pericardiophrenic
artery with phrenic nerve; 2.) capillaries over the pulmonary
artéy continuous with pericardiophrenic; 3.) Ameroids around
the anterior descending. Another ameroid under the left

auriéular appendage,
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C. I POST-MORTEM - EXAMINATION

Within twelve hours after the death of eaoh dog
a routine gross autopsy was done. At this time the heart
wa.s removed en mass with extravascular blood supply as per
operation performed. The specimen is then refrigerated in

physiologio saline to allow for relaxation of musoulsar spasme.

II. Injeoction Method

After trying different injeotion media for visuale
ization of coronary arterial system to serve our experimental
projeoct, Schlesinger solution was found to be best. It has
several advantages: it is radio-opaque, its ease of miorosocopio
study after injeotion, and the constant sizs of the particles
(40 miora). Besides it is sufficiently fluld to permit easy
injection when heated and rapidly sets to a solid of gelatin
consistency as it coolse The hearts were removed from the
deep freeze and dissected of the left anterior descending and
circunflex branoch enclosed within the ameroid sleeve for
pathological seotion before defreezing so that the exaot
relation of the intreluminal changes to arterial diameter
could be measured microscopically. Then the hearts were
warmed to 44 degrees C. and the divided anterior descending
ciroumflex and right ocoronary artery were cannulated with

polyethylene tubing of comparable size. Cannulation of extra=-
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coronary vessels like internal meammary and pulmonary
artery where possible, was similarly done before the
coronaries, to evaluate the myooardial filling supply.

Each heart was then positioned in the physiologic saline
bath to warm up % 44 degrees C. Injection of each camn-
ulation by Schlesinger mess was completed as outlined in
the originel artiole with slight modifications of method
end apparatus. Schlesinger solution was injected under a
pressure of 130 mm. mercury and wes consistently agitated
in a boiling water bath in order to maintain its homogenity
and liquid state. The heart was suspended in the normal
saline bath at 44 degrees Centigrade during the injeotion
to keep the Schlesinger solution liquid aellowing free
pessage through the coronmary end extreacoronary vessels.
After completion of injection, pressure was maintained and
the cannulas clamped to prevent backflow of the Schlesinger
solutions The heart was disconnected from the apparatus,
removed from the saline bath and dipped in cold tap water to
produce solidification of the Schlesinger solution in the
arteries. X-rays were then taken of the injected heart to
observe the extent of filling of the myoocardium in oase of
extracoronary vessels and intercoronaries in case of coronary
vesselss Schlesinger solution is radio-opaque due to the

presence of lead acetate.
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The hearts were then preserved in ten percent
formaldehyde solution and af'ter seventy-two hours, sections
were teken from the susplcious areas of lschaemia and

infarotion in the myoocardium.
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CHAPTER IX

CORONARY ARTERIOGRAM

Its application for visualization of
extracardial vessels used in myocardial reves-
cularization

It is not always possible to dlagnose coronary
artery disease untll one or two days after an attack.

There is no reliable clinioal method to loocalise the
obstruoting site in the coronary arterial tres. In recent
years more and more medical people are being gradually
oonvinoced that it is not only a medical but a surgical
problem as well, For sound surgiocal treatment a very pre-
cise knowledge of the anatomic location and distribution
of pathology in the coronary tree is essentiale Coronary
arteriogram helps in solving the above probleme In this
experimental work, besides visualizing the extent of ob=
struction in the left coronary artery, an attempt has been
made to evaluate the arterial supply to the myocardium from
the extracardiac vessels by ocannulating them in vivoe.

In recent years investigative work on animals
followed by oclinioal appliocation at a few centers of coronary
arteriogram has been done. However it has not been accepted
as a routine procedure due to several complications which may
ocour during and af'ter the injection study.

Di Guglielmo reported 192 erteriograms on children



82,

done under general anaesthesie during retrograde aortog-
graphy for congenital heart disease (108). Canon visualized
loocalised obstruction in the coronary arterial tree by angio=-
graphy on animals and in no instances there was any secondary
clotting distal to the point of obstrueotion (56)e Radio-
opaque solutions four to ten times the relative volume
commonly used in humen angiography did not appear to irritate
the heart, other than transient E.C.Ge. changese This was

not done by multiple exposure method.

Asg regards the contrast media for coronary arterio-
graphy various radio-opaque substances like Urokon, Hypague,
Miokon, Renografin, have besn tested. OHheinrich and group
in their study found SO%IHypaque and 50% Miokon suitable for
coronary angiography. They believe a comperatively small
emount of contrast media during the specifioc fractional
period of the cardiac oycle can produce the desired vis-
ualizetion of coronary arterial tree (111).

Thal end group have used 76% Renografin without
any untoward results on twenty human patients by cannuleting
the left brachial artery with Lehman caééiao catheter under
local anaesthesia. Preoperatively the patients were given
50 mgms. of dramemine and 25 mgmse of phenargen half an

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




83,

cannulation by intravenous route (194). During the
angiography in all experimental apimals, fluoctuation of

blood pressure and arrythmias are produced. When the
radio-opaque substances are injected directly into the
coronary arterial bed it produces transient changes in T

wave and prolongation of diastolio intervale In rapid in-
jection technique to avoid large amount of dye travelling
into the cerebral circulation and producing convulsion,

the carotid arteries on both sides of the neok are compressed
during the injection. Thal and group did not have any cerebral
complication following the ahove method.

In our experiments as the enimals were ready to be
sacrificed no precaution was taken to avoid these complicationse
Two of the six animals had comvulelons during the injection
from whioh they recovered. BRapid heart rate and arrythmies were

also observed during our experiments.

EXPERIMENTAL METHOD

Our oxpérimgnts for coronary and extracoronary
angiography was done in the radiology department of the
Royal Vioctoria Hospital with close oco-operation of Dr. R. Fraser
and Dre Fo Granger. The animals were anaesthetized with I.V.
nembutal with a dose of one gram per five pounds weight to

give & third plane anaesthesia for approximately two hourse
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Cannulation wes dons in the Experimentel Laboratory of

the Donner Research Bullding and the animals were then
transported to x=ray depeartment.

Group I - Normal dog, 42 pounds in weight. Cannulation
with No. 7 Lelman catheter was done through the left common
carotid artery under sterile precautions. The catheter was
then oonneoted to a syringe full of heparinised glucose in
norme.l saline to avoid clotting of the catheter,

Group II - This animel underwent the operation of vaselinised
ameroid sleeves around the anterior descending and ciroumflex
branch of the.18ft coronary arterye Cennulation with Noe 7
Lehman catheter was done through the left common carotid
artery for visualization of coronary tree.

Group III - These animals had lsft internal memmary implant-
ation and ocoronsry sinus constrioction on the average of

siz months duration. Cannulation wes done through the left
common carotid aertery for coronary angiography and through
the left brachial artery for extracoronary visualization.
Group IV - This animal survived more than five months with the
Beck I Operation. Cannulation with six and seven French thin
welled Lehman cardiac catheters was done through left common
carotid artery for coronary angiography and through the left
brachial artery for visualization of extracoronary vessels

supplying the myocardiume.
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INJECTION DEVICES-

In our studies, the "Gidlund" high pressure
injeoction syringe coupled with fho rapid film ochanger was
used. The injection syringe works with compressed air at
& pressure between one to ten kilograms per square centimetere.
In all our experiments eight kilograms per square centimeter
of pressure was used. Immediately after injection which is
between .5 to 1% seoonds, it automatically starts the @Xpo sure
device in the rapid film. In all our series 70% Urokon was
used from ten to twenty oc at a time with a pressure of eight
kilogram per square centimeter.

Pogitioning and Bxposure Factor -

The animals were first flﬁorosooPQd for the pos-
itioning of the tip of ocatheter. Normally the tips of
catheter were placed about five centimeter above the sinus of
valsalva for coronary arteriogrem. Several other authors
have also mentioned thet the coronary arteries may not be
visualized if the tip is placed to far away from the sinus
as there will be greater dilution; also when it is placed too
close, it may not visualigze one of the branches.

In our groups III and IV the catheter tip could be
guided into the left internal mammary artery from the left

subclavian without much diffioulty. It was positioned neer its
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origin from the left subclavian for extracardiac anglogrephy
in the operated animals. It was not diffioult to guide the
tip as experience was gained with the procedure.

After fluoroscopy the animals were placed in &
left posterior oblique position and films (size of 12 by 14
inohes) were teken at 250 to 350 milliamperes on average,
with 95 to 110 kilovolt at 1/30 to 1/60th of a second, with
the speed of six per seconde The injection material remains
at body temperature automatically in the syringe. The speed
in this machine cen be lowered to one in ten secondse

With the above teohnique a very satisfactory

coronary end extracoronary angiogrem was obtainede




CHAPTER X

A. SUMMARY OF PROTOCOL

Section I

Series A+ Control = 10 Dogs, Weight between 43
to 50 pounds

In this series, vaseline treated ameroid sleeves
were applied on the anterior descending and circumflex
brench of the left coronmary artery to produce coronary ine
sufficienoye The survival rate and collateral circulation
visualized by injeotion and x-ray studies will be ocompared
with other procedures.

Dog No. 1563 This animal underwent the procedure on Deoémber
13th, 1967, and died 6n the farm on Feb. 10th, 1957. Death
ocame all of a sudden while fighting over food, when it fell
down on the floor oryinge This animal lived for forty-one
days. Post-mortem examination revealed an adherent lingula
of left lung. There was no gross menifestation of myo-
ocardial ischaemiae Schlesinger Injection study showed 4 4
homocoronary and ¥+ intercoronary anastomosis. On mioro-
soopic examination the arteries were obstructed to 87%

of their lumen by intimal hyperplasia.

Arteriogram on thirtieth day revealed filling of

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

f£illing of the anterior descending and nonme in the circumflex

branch of left coronary arterye. Septal branch waes arising

from the anterior desecending.
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PLATE NO. 9

Dog No., 153 - Microscopic section through the anterior
descending branch within the ameroid. Note the obstrue-
tion of the lumen and thickened media with chronic in-

flammatory cells.,

88e
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PLATE NO. 10

Dog No, 153 - Microscopic section through the circumflex
branch showing the extent of obstruction of the lumen

due to intimal proliferation,
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PLATE NO. 11

Dog No. 153 = Schlesinger injection study by x-ray
for intercoronary anastomosis. This is an antero-

posterior view.




PLATE NO, 12

Dog No. 153 - X-ray study of intercoronary anastomosis
by Schlesinger injection. Note only one intercoronary
between right and left coronary artery. This is P.A.
view,

9l
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PLATE NO. 13

Dog No. 153 - X-ray study of an unrolled heart for
intercoronary anastomosis. Note only # intercoronary
and more than one homocoronary anastomosis in left

side of the photograph.
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Dog No. 348 This animel underwent the same ameroid sleeve
application on December 3lst, 1957, and died on February 4th,
surviving for thirty-five days. The animal was lethargiec

and lost weight in last week. Post-mortem examination
revealed suspicious areas of infarotion near the apex of

the heart. Schlesinger Injection study showed,¥ homocoronary
and + iitercoronary anastomosise Arteries were obstructed
by 70% of their lumen on mioroscopic examination. The septal
branch was arising from the bifuroation of the left coronary
artery.

Dog No. 119 This animal underwent ameroid sleeve application
on February 10th, 1958, and died on March 5th in the farm.
The animal was quite active previous to death. It survived
for 25 deys. On post-mortem examination the upper lobe of
lung was adherent to the heart. Schlesinger Injection study
revealed + 4 homocoronary and 4 Iiitercoronary anastomosise
Arteries were obstructed to 90% of their lumen on mioroscopio
examination. The septal branch was arising from anterior
descending branche.

Dog No. 373 This animal underwent a similar procedure on
February 20th, 1958, and died March 20th, surviving for thirty

dayse It dropped dead while fighting with another doge.
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Schlesinger Injection study revealed + homocoronary end +
intercoronary anastomosise. Arteries were constriocted to 75%
by organized thrombus and there were areas of infarction at

the epex confirmed by microscopio examination. The septal
branch was arising from the left coronary artery at its
bifurcation.

Dog No. 375 This animal underwent ameroid sleeve appliocation
on February 24th, 1958, end expired March 10th, 1958, surviving
for sixteen days, dropping deat on the farm before the farmer.
Left lung was adherent to the heart on post-mortem examinatione.
-_.‘Egillosinger Injection study reveals + 4 homocoronary and +
;n;:orooronary anastomosis. Arteries were obstructed 75% of
their lumen. The septal branch came from the circumflex branche.
Dog Noe 376 This animal underwent the same prooedure on

March 6th, 1958, and died on April 2nd, 1968, 6én the farm,
surviving for 28 days. FPost-mortem examination was negative
for any gross pathology. Schlesinger Injection study revealed
4+ homocoronary and 4 intercoronary anastomosis. Arteries were
obstructed up to 80% of their lumen. The septal branch was
arising from the anterior descending branche

Dog No. 126 This animal underwent ameroid sleeve application
on March 17th, 1958, and expired twenty-one days after on
dpril 21st, 1958, on the farm. The dog died quite suddenly

while playinge On post-mortem examination, left lung was
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adherent and there was suspicious area of infarotion near

the apex. Schlesinger Injeoction study revesled 4+ homo-
coronary and 4 intercoronary anastomosis. The arteries were
obstructed 68% of their diametere The septal branch arose

from the anterior descending brench.

Dog No. 328 This animal underwent the same procedure on
Februery 10th, 1958, and died on February 30th, after twenty
dayse On post-mortem examination the left lung was adherent

to the heart and there was no suspicion of gross infarction.
Sohlessinger Injection study revealed 4 homocoronary and ¢
intercoronary anastomosis. Arteries within the ameroid

sleeve were obstructed up to 65% of their diameter. The septal
branch arose from anterior desocending branch,

Dog No. 372 This animal underwent the ameroid sleeve applio-
;tion on March 5th, 1958, and died on April 5th, after thirty
deyse On post-mortem examinetion left lung was adherent.
Sohlesinger Injection study was not satisfactory for evaluating
collateral anastomosise Arteries within the ameroid sleeve
were obstructed by internal hyperplasia up to 72% of their
lumen. The septal branch was arising from the anterior descend-
ing.

Dog Noe 176 This snimal underwent the same procedure as

above on March 17th, 1958, and died on April 2nd, after

seventeen days. Found dead by farmer in its cage. Schlesinger
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injection study revealed 4 intercoronary ¢ homocoronary
anastomosise Arteries within the ameroids were obstructed
up to 87% of their diemeter. Septal branch was arising
from the left coronary at its bifurcation.

Series Bes 10 dogs weighing between 44 to 52 pounds

Beck I Operation

In this series the animals underwent the vaselin-
ized ameroid sleeve application around the anterior descending
and ciroumflex branch of the left coronary artery as done in
the control series. In addition, the Beck I operation was
performed simultaneously to test the efficacy of the procedure.
Dog Noe 313 This animal underwent Beck I operation on
September 8th, 1957, and sacrificed on March 10th, 1958, after
190 dayse Septal branch was arising from the left coronery
artery at its bifurcation. Schlesinger injection study revealed
++ + + intercoronary and 4 homocoronary anastomosise Arteries
within the ameroid sleeve were obstruoted 85% of their diameter.
Cannulation of the left internal memmary for arteriogram was done
and there was no visualization of extracardiac blood supply to
the myoocardium. Theemimal was sacrificed after the arteriogram
and there were widely dilated vessels in the mediastinal fat

running towards the heart,
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PLATE NO, 14

Dog No, 313 - X-ray study of intercoronary anastomosis
by Schlesinger injection. Note large number of inter-

coronary anastomosis.
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Dog Noe 171 This animal underwent Beck I operation on
Sept. 13th, 1957, and died on October 6th, 1957, efter
twenty-three deys. It dropped dead while fighting over
foods On post-mortem examination left upper lobe was
adherent to the lung. Mediastinal vessels were dilated
_a.nd enlergede Schlesinger injection study revealed ¥
li:;omoooronary and no intercoronary enastomosis. Arteries
within the ameroid were obstructed up to 82.5% of their
lumen. BSeptal branch was arising from the anterior
descending.

Dog No. 314 This animal underwent Beck I operation on
September 16th, and died on December 14th, 1957, after
eighty-eight dayse. Septal branch was arising from the
anterior descendinge On post-mortem examination lingula
was adherent to the heart. Sohlesinger injeotion study
revealed + homocoronary and ¥+ ¥ interocoronery anastomosis.
Arteries within the ameroid were obstructed 80% of their
. lumen.

Dog No. 116 This animal underwent Beck I operation on
September 17th, 1957, end died on October 18th, after thirty
dayse This dog also had a sudden death while playing.

Septal branch was arising from the anterior descending. On

post-mortem examination 1lingule was found to be adherent to
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the heart. Schlesinger injection study revealed -£-
homocoronary and —£- intercoronary anastomosis., Ar-
teries within the ameroids were found to be obstructed
85% of their lumen.

Dog No, 303 +this animal similarly underwent Beck I op-
eration on September 18th and died on October 6th, 1957,
after eighteen days. It dropped dead crying before the
farmer, Post-mortem examination revealed adherent left
upper lobe. Schlesinger injection study showed £ homo-
coronary and £ intercoronary anastomosis. Arteries were
obstructed by 65% of their lumen by intimal proliferation.
Septal branch was arising from the circumflex and the amer-
oid was placed proximal to septal branch in this case,
Dog No, 145 This animal underwent Beck I operation on
September 18th, 1957, and died on October 6th, after
eighteen days. This dog died én the farm similar to

the above animal. Septal branch was arising from the
left coronary artery at its bifurcation. Schlesinger
injection study revealed /£ homocoronary and no intercor-
onary anastomosis. Arteries within the ameroids were
obstructed to 70% of their lumen.

Dog No. 307 This animal underwent Beck I operation on

September 19th, 1957, and died on October 12th, 1957, It
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survived for only twenty-three days. On post-mortem
examination the lingula was adherent to the heart.
Sohle singer injection study revealed + intercoronary
and + homocoronary anastomosise. Arteries within the
ameroid were obstructed 92.5% of their lumen by
organised thrombus. Septal branch in this case was
arising from enterlior descending branch.

Dog No. 94 This anlmal underwent Beok I operation on
September 23rd and died on October 9th, 1957, sixteen
deys later. Septal branch was arising from the left
coronary artery at its bifurcation. On post-mortem
examination the upper lobe was found to be adherent
and mediastinal vessels were larger and dilated.
Schlesinger injeotion study revealed + intercoronary
and + homocoronary. Arteries were obstructed 90% of
their lumen, within the ameroidse.

Dog No. 141 This enimal underwent Beck I operation on
September 27th, 1957, and died suddenly &n the farm on
October 19th, after twenty-two days. Septal branch was
arising from the anterior descending. ©Schlesinger
injection study revealed ¥ intercoronary and 4 homocoronery
anastomosise Arteries within the ameroids were obstructed

85% of its lumen by organized thrombuse




Dog No. 136 This animal underwent Beck I operation on
December 27th, 1957, and died on January 16th, 1958,
after nineteen days. Septal branch was arising from

the anterior descending branche On Schlesinger injeotion
bomosoronary or intercoronaries could not be estimated
well due to unsatisfactory injeotione. Arteries within

the ameroid were obstructed up to 75% of its lumen.
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PIATE NO, 15

Dog No, 307 - Microscopic section through the anterior
descending branch, Note the ohstruction of its lumen

by ninety percent due to an organized thrombus,
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PLATE NO. 16
Dog No, 307 - Microscopic section through the circumflex

branch, Note the obstruction of its lumen by organized

thrombus,
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PLATE NO. 17
Dog No, 307 - X-ray study of intercoronary and homo-

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

Dog No, 307 - X-ray study of an unrolled heart for
intercoronary anastomosis. Note between circumflex

branch and right coronary artery, the intercoronary connections.
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SERIES C. 10 dogs weighing between 42 to 50 pounds

Internal mammary implantation into
left ventrioular myocardium end cor-
onary sinus constriction up %o 3
millimeters

In this series the animals are first prepared
with vaselinised ameroids for producing coronary insuff-
iciency, after which the bleeding left internal mammary
artery was implanted in the left ventricular myocardiume
In addition, the coronary sinus was constricted to give
added benefit of colleteral circulation.

Dog Noe. 13 This animal underwent the implant procedure
with coronary sinus constriotion on August lst, 1957, and
was sacrificed on April 16th, 1958, after surviving for

two hundred and fifty-six dayse The septal branch was
arising from the anterior descendinge On exploration of the
left chest the internal mammary was soft and the left upper
lobe was adherent to the artery and the heart., Methylene-
blue injected into the implaented artery revealed the patency
of the artery with wide spread anastomosis. This was oon-
firmed by Schlesinger injeotion studye. Arteries within

the ameroids were obstructed 85% of their lumen.

Dog No. 123 This animal underwent similar.procedure on
August 5th, 1957, and died on October 19th, 1957, after fifty-
six days. On post-mortem examinationbartory was soft but

slightly angulated due to fibrous adhesion to the chest wall.




Left lung was also adherent. Schlesinger injection
study revealed open artery but no anastomosis.

Septal branoch was arising from the ciroumflex branch.
Arteries within the ameroid were obstructed to 82.5%

of their lumen.

Dog No. 168 This animal underwent intermal meammary
implantation and coronary sinus constriotion on August
9th, 1957, and was sacrificed on April 25th after
surviving for two hundred and thirty-six days. Arteriogram
through left subclevian artery wes unsuccessful. On
exploration the artery was found to be soft and patent.
Methylene blue easily flowed into the myocardium through
excellent anastomotic channels confirmed by Schlesinger
injection study. The septal branch was aerising from the
enterior descending branch. Arteries within the ameroid
were obstructed up to 67.5% of their lumen by organized

thrombuse.
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PLATE NO. 19

Dog No, 168 - X-ray study of myocardial filling by
Schlesinger injection mass through the internal mammary
implant. Note the injection mass in all the branches
of the anterior descending and right coronary artery

supplying the left and right ventricle respectively.
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PLATE NO. 20

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

the internal mammary implant. Note the filling of both

coronary arteries. Anterior descending with its branches

are filled more than others,
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Dog No. 309 This animal underwent the implant procedure

and coronary sinus constriction on July 29th, 1957, and

was saocrificed on April 18th, 1958. Septal branch was
arising from the anterior descending breanch. On explor-
ation of left chest the artery wes found to be soft and
straight with lef't upper lobe enclosing & segment of it.
Methylene blue circulation through the myocgrdium reveal-
ing the potent artery with anastomosis. Later Schlesinger
injection study confirmed the observetion. Arteries within
the ameroids were obstructed up to 75% of its lumen.

Dog No. 151 This animal underwent internal mammary implant-
ation and coronary sinus constriction on August 30th, 1957,
end was saorifiloced after arteriogram on April 4th, 1958, I%
survived for two hundred and fourteen dayse. Septal branch
was arising in this case from the left ooronary artery at its
bifurcation. Arteriogram through the implanted artery
revealed the anastomosis with the coronary arteries by repid
film exposure. The dog died on the x-ray table at the end
of arteriogrem. On post-mortem examination lef't upper lobe
was found to be adherent to the heart and the implented
artery was soft. There were many branches from the artery
spreading over the adherent lung. Schlesinger injection
study revealed open artery with excellent anastomosise.
Arteries within the ameroids were obstructed by intimal

hyperplasia up to 85% of its lumene.




PLATE NO, 21

Dog No, 151 Photograph of the specimen after injection
through the left internal mammary at its origin, Note
numerous extracardiac branches running over the adherent

lung making a widespread anastomoses.
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PLATE NO. 22

Dog No, 151 Microscopic section through the anterior
descending branch within the ameroid constrictor.
Note complete obstruction of the lumey by intimal

proliferation,
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PLATE NO. 23

Dog No, 151 Microscopic section through the circumflex
branch within the ameroid. Note the obstruction due to

intimal hyperplasia.
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PLATE NO. 24

Dog No, 151 X-ray study of the left internal mammary
implantation injected with Schlesinger mass, Note the
filling of the anterior desceming branch and other

arterioler within the left ventriecular wall, Note also

the extracardiac branches.




Dog No. 176 This enimal was operated on September 4th,
1967, in a similer manner end was sacrificed on April

8th, 1958+ The geptal branch was arising from the emterior
descending branohe. On exploration of the operated ares

a soft pulsating artery wes found and methylene blue in-
jection revealed open artery with circulating dye in the
nyocardium. Sohissinger injection study showed fair ana-
stomosise Arteries within the ameroids were obstruoted by
intimal hyperplasia up to 67.5% of its lumene

Dog Noe. 17 This enimel underwent the implantation and
coronary sinus oconstriction operation on September 5th, 1957,
and was sacrificed after one hundred and ninejy-nine deys
on April 24th, 1958, The septal brench was arising from the
anterior descending branch snd on post-mortem exemination
the artery was soft but slightly engulated due to fibrous
adhesions. On 8chlesinger injection study the artery weas
patent with fair number of anastomosess Arteries within

the ameroids were obstructed 72.5% of its lumen.

Dog Nos 301 This animel underwent a similar procedure on
September 12th and was sacrificed on April 24th, 1958,
surviving for two hundred and twenty-two dayse. At the time
of seorifice the artery was soft and pulsatile. Schlesinger

injeotion study revealed patent artery with no anastomosisa.
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The artery within the ameroid was obstruoted 60% of its
lumen. The septal branch in this case was arising from

the anterior descending branche.

Dog No. 319 This animal underwent implant and coronary
sinus constriction operation on Januaery 30th, 1958, and
dropped dead on February 22nd, 1958. On post-mortem
examinetion the implant was found to be thrombosed. Septal
branch arose from the coronery artery at its bifurcation.
Microscopic seotion of the artery was unsatisfaotory for
eveluating the amount of obstruction of the lumen.

Dog No. 145 This animal underwent e similar procedure on
January 29th, 1958, and dropped dead on February 18th, 1988,
efter twenty deys. On post-mortem exeamination the implant
was thrombosed and left upper lobe was adherent. In this
case plain catgut was used for ligating the internal
mammery branohes, which was not dissolved at the time post-
mortem examination. The septal branch was arising in this
case from the circumflex branche The arteries within the
ameroid were obstructed up to 95% of its lumen by intimal

hyperplasia.
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CARD IOPNEUMOPEXY

SERIES D

10 dogs weighing between 43 to 52 pounds

In this series the pulmonary artery to the
lingula or upper lobe of the left lung was tied before
grafting into phenolized myocardium of the left ventricle.
All these animals also had a simultaneous application of
vaselinized ameroid around the ciroumflex end anterior
descending branoh of the left ocoronary artery to produce
coronary insufficiency.
Dog No. 26 This animel underwent the ocardiopneumonopexy
operation on October 9th, 1967, and was sacrificed on April
4th after extracoronary angiographye The animal survived
for one hundred and seventy-five dayse The septal branch
we.s arising from the anterior descending branch. 4n
arteriogram did not visualize the bronchiasl artery supplying
the left ventriocular myocardium. Schlesinger injection study
of the coronary tree revealed + ¥ + intercoronery anastomosis.
No Schlesinger mass visualized in the adherent lung by
retrograde injection. Microscopio study of the junctional
area of the edherent lung and heart suggests of chronic in-
flammatory reeaction with fibrosise No vasoular connections
were visualized. The arteries within the ameroids were
obstruoted by 65% of its lumen by intimal hyperplasia.
Dog Nos 829 This animal underweat oerdiopneumopexy on October

3rd, 1957, end dropped dead on October 27th, after twenty-four
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dayse The septal branoh arose from the anterior descending
branche Sohlesinger mass injection through the cennulated
pulmonary artery did not visualize the myooardial supplye.
Arteries within the ameroids were obstructed 100% of its lumen
by thrombus formatione

Dog Noe 120 This animal underwent oardiopneumonopexy
operation on October 26%th, 1957, and died on November 25th,
1967« The septal branoch wes arising from the left coronary
artery at its bifurcatione The pulmonary artery of the
lingula was cannulated and injected with Schlesinger mass.
There was no visible injectlion mass in the left vemntrioular
nyocardiume Arteries within the emerdéids were obstructed

by 75% of its lumen by intimal hyperplasia.

Dog No. 135 This animal underwent cardiopneumopexy on
September 2 7th, 1957, and died on October 8th, 1957, after
twenty-two days. On post-mortem examination the lung was
found to be sepearated from the heart. The septal branch was
arising from the circumflex branche. Arteries within the
ameroid were obstructed 60% of its lumen. No injection study
was carried out.

Dog No. 358 This animal underwent cardiopneumopexy on
October 10th, 1957, and died on November 13th, 1957, surviving
for thirty-three days. On post-mortem examination the grafted
lobe was found to have pneumonis, confirmed histologically.
Septal branch was arising from the anterior descending branch.
Arteries within the ameroid were obstructed 80% of its lumen.

No injection study was done.
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Dog No. 350 This animal underwent cardiopneumopexy on
Octover 3rd, 1957, end died on October 24th, as meny of

our control animels. On post-mortem exemination there was
about 250 cc of 0ld blood in the pleural cavity. Retro-
grade injection of the coronary tree by Schlesinger mass did
not reveal any #ascular connections between the lung and the
heart. In this oase the ameroid was proximal to the septal
branch which arose from the anterior descending branch.
Arteries within the ameroids were obstructed to 65% of its
lumene.

Dog No. 94 This animal underwent cardiopneumopexy on
December 4th, 1957, and was sacrificed om April 23rd, 1968,
after one hundred end thirty-nine days. An arteriogram did
not reveal injeotion of bronchial arterye. Schlesinger
injection of the coronary tree revealed ¥ ¥ ¥ intercoronary
anastomosise. The septal branch arose from the anterior
descending branch. Arteries within the ameroids were
obstructed 77.5% of its lumen.

Dog Nos 106 This animal underwent cardiopneumopexy on
Janvary 3rd, 1958, and died on January 28th, after twenty-
five days. On post-mortem examination the lung was found
not to be well adherent to the heart. Schlesinger injection
through the pulmonary artery did not show any vascular
connections between the heart and the lunge. Septal branch
arose from the left coronary artery. Arteries within the

ameroids were constricted 50% of its lumen.




Dog Noe 126 This animal underwent cardiopneumopexy on
January 16th, 1958, and died on January 30th, 1958. On
post-mortem examination the adherent lobe was found %o
have pneumatic consolidation. Miorosoopid examination
revealed no vascular connection but there wers sign of
inflammatory reaction in the muscles The septal branch
arose from the left coronary artery at its bifurcation.
Arteries within the ameroid were obstructed 76% of its
lumen.

In addition four other animals died of distemper
and other lung complications which are not inoluded in this

series.
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PLATE NO. 25

Dog No. 126 Microscopic section of the junctional area
between the lingula and left ventrieular muscle., Note
thickened epicardium with chronic inflammatary reaction,

No vascular eommunications between the graft and myocardiume
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PLATE NO. 26

Dog No. 120 X-ray study of Schlesinger injection
through the pulmonary artery of the adherent lung.
Note no vascular channels go into the left ventric-

ular myocardium on right. .
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PLATE NO, 27

Dog No., 350 X-ray study of intercoronary anastomosis

in cardiopneumopexy. Note £ # intercoronary anastomosis.




SERIES B IVALON TUBE IMPLANTATION FROM THE AORTA INTO

THE LEFT VENTRICULAR MYOCARDIUM

10 dogs weighing between 42 to 52 pounds

In this series specially prepared Ivalon
sponge tubes were anastomosed to the side of the aorta
and the bleeding distal segments were implanted into the
left ventricular myocaerdium after making a few holes on
its side.
Dog Noo 94 This animal underwent Ivalon tube implantation
operation on November l4th, 1957, and died on December 26%th,
1958, The septal branch arose from the circumflex. On
post-mortem examination left upper lobe was found to be
adherent to the heart and the Ivalon Tube. The tube was
partially thrombosed with no anastomotic channels in the
myooardiume. Arteries within the a.mor\oid were obstructed up
to 70% of its lumens
Dog No. 352 This enimal underwent Ivalon tube implantation
operation on November 7th, 1957, and died on November 30th,
after twenty-three dayse The septal branch arose from the
anterior descending branche On po st-mor't;em examination the
Ivalon tube was found to be collapsed and thrombosed inside
the myocardiume Arteries within the emeroid were obstruoted
wp to 77.5% of its lumen. There were areas of gross infarc-

tion at the apex of the heart.
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Dog Noe 126 This animal underwent Ivalon tube implantation
on November 1lth, 1957, and died on December 4th, 1957.

The emeroid was placed proximel to the septal branch arising
from the anterior descendings On post-mortem examination the
Ivalon tube was found to be thrombosed from the anastomotio
sites Arteries within the ameroid were obstructed 55% of its
lumene.

Dog Noe 160 This animal underwent Ivelon tube implantation

operation on November 15th,}957, and died on December 6th,
1967« The septal branch arose from the left coronary artery
at its bifurcation. On post-mortem examination the synthetic
tube was thrombosed bsyond the anastomotic site and the upper
lobe was adherent to the tube. Arteries were obstructed 80%
of its lumen by organized thrombus.

Dog No. 362 This animal underwent Ivelon tube implantation
operation on November 4th, 1957, and died on December 4th,
1957, Ameroid was placed proximal to the septal branch which
arose from the anterior descending branche On post-mortem
exanmination the Ivalon tube was found to be partially
thrombosed starting at the anastomotic site with the aorta.
Arteries within the emeroid were obstruoted up to 60% of

its lumen.
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Dog Noe 321 This animel underwent Ivalon tubs implant-
ation on October 29th, 1957, and died on November 26th.

The septal branch was arising from the anterior desoending
branche On post-mortem examination the Ivalon tube was
found to be thrombosed. Arteries within the ameroid were
obstructed 100% by intimal hyperplasia.

Dog Nos 326 This animel underwent Ivelon tube implantation
operation on December 9th, 1957, and died on December 29th,
1957 The septal branch was arising from the anterior
desdending branche On post-mortem examination the Ivelon
tube wes thrombossd completely. The arteries were obstructed
87+5% of its lumen within the ameroids.

Dog Noo 339 This animal underwent the Ivalon tube implant-
ation prooedure on November 8th, 1957, and died on November
24th, 1957. Septal branch arose from the circumflex branohe
On post-mortem examination the implant was found to be
oompletely thrombosed beginning at the anastomosis. Arteries
within the ameroid were found to be obstruoted 75% of its
lumen.

Dog No, 314 This enimal underwent Ivalon tube implantation
operation on November 14th, 1957, end died on February 26th,
1958, The septal branch arose from the anterior desoending

branche On post-mortem examination +the Ivalon tube
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was found to be thrombosed. On Schlesinger injection
study of the coronary tree £ £ homocoronary and £ £
intercoronary anastomosis was found. The arteries

within the ameroid were obstructed 60% of its lumen,
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PLATE NO. 28

Dog No, 94 Schlesinger igjection through the Ivalon tube

jmplant. Note patent graft but no anastomosis.
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PLATE NO. 29

Dog No, 160 Microscopic section of Ivalon tube through
the myocardial tunnel, Note the uneven surface of the

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

Dog No, 160 Microscopic section of the myocardium around
the Ivalon tube implant, Note chronic inflammatory re-
action in the myocardium with fibroblasts adjoining the

sponge.
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SERIES F~ INTERNAL MAMMARY LIGATION ~ AS MODIFIED
BY DR. BLALOCK.

Dogs weighing between 42 to 50 lbs.

were operated on for left internal memmary artery ligation
in the second interspace for evaluation of its benefit

in ooronary insufficienoy produced by gradual ooclusion

by ameroids. All the branches of the subclavian artery
proximal and distal to the origin of the left internal
meymary were ligated to gain the meximum hypertensive effeot
in the periocardiophrenio branch which was also ligated near
the diaphregme The aversge survival of these enimels was

25 days, the same as the control series. The manmer of death
was also similer to the ocontrol series.

On post-mortem examination the pericardiophrenic
branch does not seen to be larger than at the initial operating
time. This branch is also very variable from small to moderate
size in vivo. By injection of India ink through the divided
internal mammery artery, the pericardiophrenio with its branches
could be traoed as far as the small ocapillaries over the aorta
and pulmonary arterys. This was only formed in dogs Noe. 354, 324
and 23, There was no ink in the coronary arterial system of the

left ventriole as shown by other euthorse There were larger
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branches than the pericardiophrenic from the left internal
memmary artery proximel to the second interspace supplying
the mediastinal fate These vessels were usually more readily
injeocted than the pericardiophrenic which arises just at the
origin of the internal mammary artery from the subolavian.

arterys




PLATE NO. 31

Normal Dog Coronary arteriogram through left common
carotid artery., Note vizualisation of all the main
branches of left coronary artery and main trunk of

right coronary artery. Catheter tip has slipped in-

side after injection,
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PLATE NO. 32

Normal Dog Another view of normal coronary arteriogram.

Note visualization of both coronaries,
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PLATE NO., 33

Dog No, 153 Coronary arteriogram in a dog with vaselinized
ameroid constrictors around the anterior descending and
circumflex branch. Note ¥isualization of right coronary
artery but there is no dye passing through circumflex and

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

Dog No, 313 Angiographic study of extracoropary:.vascular
supply of the left ventricular myocardium. Note left
internal mammary with all its branches visualized but

no dye goes into the nvocg.rdiun.(Boek I operations)
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PLATE NO. 35

Dog No, 151 Extracoronary arteriogram through left

internal mammary artery. Note the dye in the patent
artery visualized inside the left ventricular myocardial

tunnel.,




PLATE NO. 36

Dog No, 151 Continuation of extracoronary arteriogram
through the left internal mammary artery. Note the dye
in the anterior descending branch in communication by
arteriolar anastomosis., Also note the septal branch
arising proximal to the ameroid is in communication with

the implant.
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PLATE NO. 37

Dog No, 151 Continuation of Plate No. 36, Note the dey
in brgnches of the circumflex artery and visualization of

more arteriolar anastomotic branches,




PLATE NO. 38

Dog No, 151 Continuation of Plate No. 37. Note the
visualization of the circumflex and anterior descend-
ing branch at its bifurcation by retrograde flow through
the septal branch., Note also dye in coronary venous

system,

140,




PLATE NO. 39

Dog No, 151 Continuation of Plate No. 38, Note well
visualized anterior descending and circumflex arteries
by the dyes passing from the implant through the arter-
iolar anastomosis. Note zthe coronary sinus as the dye

drains out.

141,




PLATE NO. 40

Dog No, 151 Continuation of Plate No. 39. Note the
dye is being cleared away from the coronary arterial

system into the coronary sinus.
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NORMAL CONTROL

All animals between 43 to 50 lbs.

NORMAL CONTROL

143,

All animals between 43 to 50 lbs. average

Dog No. Date of Date of Duration Gross Findings X-Ray Findings
Operation Death Lived
163 Dece 31 Feb. 10 41 days Lingule adherent. H + +
IC ¥
348 Dec. 31 Feb,. 4 35 days Infarction of the HC +
apex. iCc +
119 Feb, 10 Maroch 5 25 days Upper lobe adherent. HC | ¢
Infarction present. IC +
373 Feb. 20 March 20 30 days Lung adherent, gross IC +
infarction. BC +
375 Feb. 24 March 10 16 days Lung adherent HC + ¢+
IC +
376 March 6 April 2 28 days HC +
IC &
126 March 17 4April 8 21 days Gross infarction. HC 4
Lung adherent. Ic ¢
328 Feb. 10 Febe 80 20 days Lung adherent. HC +
IC +
372 March 5 April 6§ 30 days Lung adherent.
176 March 17 April 2 17 days IIIg I
Average Survivel scecss 26 days Normal type

Intercoronary

HC : Bomocoronary

of anastomosis.

Ameroid Section Arteriogram Septal Remarks
Amount of Closure Branch
yes
87% AD No visualisation of ciroumflex Branch.
Right coronary artery well demonstrated
and anterior descending branch faintly
seen.
70% Bifurcation.
90% 4D
75% L.Ce
75% Coronary
80% 4D
68% AD
65% AD
72% AD
87% L.C.
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BECK 1 BECK I
All animel
imals between 44-52 1bs, All animals between 44-52 1lbs.
Dog No. Date of Date of Dura
tion ; i
Operation Death Lived Pross Findings Septal Branoh Foilay Findings g:::;;g frveriogran Myoosrdim Hamarks
3
13 Septe 8  March 18 190 days . Coronary IcC++++ 85% No visualisation of
(Secrificed) £ H + extracardiac blood supply.
£
171 Septe 13 Oct. 6 23 days f§ 8 AD IC - HNone 82 .5%
. o HC +
g o
o
814 Sept. 16 Dece 14 88 days g & AD HC + 80%
A IC++
5"
116 Septs 17 Octe 18 30 Days 28 D HC + 85%
T ey €+
%°3
Septe 18 Octe 6 18 Days cd ( Ciroumflex ) HC + 65% -
¢ 58 IC +
e
£54
145 Sept. 18 Oct. 6 18 Days ~ 8 § Coronary i + 70%
@ G O
507 Sept. 19 Oote 12 23 days g 12X AD c + 92 .5%
4 o'p HC +
© ~
XE
94 Sept. 23 Oct. 9 16 days 2 5= . Coronar IC + 90%
¥ o wB o ¥
w0 e HC +
H4e8 8
s A g
141 Sept. 27 Oote 19 22 days g2 8 AD IC 85%
HC +
136 Decs 27  Jam. 16 19 days AD HC 75%
c — Sections shows thickened
pericardial layer infiltrated

with chronic inflammatory
’ . cells and fibroblasts.
HC : Homocoronary Not a picture of granulema.

Ameroid Proximal to Septal Branch
IC : Intercoronery Yo vascular communications.
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IMPLANT AND CORONARY

SINUS CONSTRICTION

All animals

—

commmmmtm—
-y

——

Dog Noe. Date of Date of Date Life Gross Findings
Operation Death Saocrificed Duration

13 Auge 1lst April 16 256 days Artery soft. Left
upper lobe adherent.

123 Auge 5 Octe 9 56 days Artery soft.

168 Auge. 9 April 25 236 days Patent artery.
Methylene blué ciro~-
ulates through the
implant.

309 July 29 April 18 260 days Methylene blue easily
circulates.

151 Aug. 30 April 4 214 days Implant is soft with
branches from the
internal memmary over
the adhersent lung.

175 Sept. 4 April 8 214 days 8oft.

17 Septs & March 24 199 days Soft.

301 Sept. 12 April 24 222 days  Soft.

319 Jane 30 Febe 21 22 deys Thrombo sed.

145 Jane 29 Feb. 18 20 days Artery blocked. Left

upper lobe adherent
crossing the ameroid
jacket. Plain catgut

not dissolved.

between 42-50 Lbs.

145.

——va—
——

Septal Branch X-Ray Findings

AD

Ciroumflex

AD

AD

Coronary

AD
AD

AD

Coronary

Circumflex

Injeotion taken.
Anestomosis

Injection taken

Arterial enastomosise.

Excellent
anagtomosis

Good arterial
anastomosis

Good anestomosis

Fair anastomosis
Fair enastomosis

Patent artvery
No anastomosis

None

None

Arteriogrem Ameroid
Section

Remarks

85%

82 +5%

67 o5%

75%

85%

6745%
72 5%

60%

45%

But no visualisaetion.

Excellent arteriogram
animal expired &ue
to blockage of the

artery for more than 1 hre.

Plain catgut not
Dissolved.
Plain catgut not
disso lved.




CARD IOPNEUMONCFEXY

Animals between 43-52 lbse

Dog No. Date of Date of Date Life X-Ray Findings
Operation Death Sacrificed Duration

25 Octs 9 dpril 4 176 days I«Ce & 4 ¢
Injection through
pulmonary artery did not
tako o

R9 Octe 3 Octe 27 24 dgwys Injeotion through
pulmonery artery did not
take,

120 Septe 26 Nove. 25 60 days Injection did not take
in myocerdiwme Pulmonary
artery well injected.

135 Septe 27 Ootes 8 22 days Lung separated - not
well adherent.

358 Octe 10 Nove 13 33 days Pneumonie in the adherent
lobe.

380 Octs 3 Octe 27 24 days Injection did not teke.
Blood in chest.

94 Dec, ¢ April 23 139 days Retrograde did not take.

106 Jan. 3 Jan. 28 25 days Injection did not take
through pulmonary ertery.

126 Jan. 16 Jan. 30 14 days Congestion of the adherent
lobe.

Average 57 dayd

Ameroid placed proximal to septal branche.

4 more died of
distemper and other,
lung complicationse.

CARD IOPNEUMONOPEXY

146,

Gross Findings Mioroscopio Arter- Arterial lumina Septal Remarks
iogram Within ameroid Branch
65% " AD
[ ]
N
"‘3‘ £
80
82 100% 4D
e %
- 8
o
1 75% Coronary
?zﬁ
1
©
8 3
% S a 60% Ciroumflex
K @
Bt
oD 80% AD
wd®
g - »
533
$3% 65% o
£k
™~ o 0
g‘ g o 77 5% AD No visualisation
- of Bronchial
g artery anastomosis
é §,§ 50% Coronary
® O
SRR
No vascular 75% Coronary
Communicationse

Signs of inflammatory
reaction in the muscle.




CARDIO-AORTIC IVALON TUBE IMPLANT

 CARDIO~AORTIC IVALON TUBE

IMPLANT

Dog No. Date of Date of Buration Septal Branch ZX-Ray Findings
Operation Death Lived
94 Nov. 14 Dec. 26 41 days Circumflex Pateny but
no anastomosis.
352 Nov. 7 Nove 30 23 days AD
®
126 Nove 11  Dec. 4 23 days (&) o
6d
o
160 Nove 15 Dec. 8 21 days Coronary -
8
S
5
362 Nov. 4 Dec. 4 30 days (4D) ke
)
£
321 Octe 29 Now. 26 28 days 4D g .
, @ 5
Sy od
: ©
326 Dec. 9 Dec. 29 20 deys 4D 8
(=]
53
-~ K
339 Nov. 8 Nov. 24 16 days Ciroumflex < e
314 Nov. 14 Fob, 26 168.days AD B 4+% o
IC. & -

Average doyBe: cccess

IC : Intercoronary
HC : Homocoronery

) proximal to Septal Branch

" Gross Findings

Ameroid Closure of Remarks
arterial lumen

Partielly thrombosed

- Tube ocollapsed
. Thrombo sed

- Thrombo sed

. Thrombosed - partially

starting et the
anastomosis
Thrombo sed
Thrombo sed
Thrombo sed

Thrombo sed

Thrombosed

70%

77¢5% Gross infarction at the
ap.x.

55%

30%

60%

100%

6745%

75%

60%

On most of the specimens the Ivelon tube was covered and firmly
adherent by lingula or left upper lobe.

1474
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CHAPTER XI

SUMMARY OF RESULT

Section 1
Series A

This is the control series with vaseline treated
ameroid constrictors around the anterior descending and oir-
cunflex brench to produce ocoronary insufficiency. This is
%o be compared with other operations to test the efficacy of
the procedure. Of the ten animals prepared this way, the
suwvival rate was between sixteen to forty-one days, with
an average of twenty-six days. On post-mortem examination
in eight out of ten hearts the lung was adherent. The
septel branch was arising from the anterior descending in
six; three from the left coronary and one from the circumflex.
Section through ameroids revealed blockage by organized
thrombus or intimel proliferation from sixty-five to one
hundred percent of its lumen with an average of 749 per=-
cent. Schlesinger injection study and x-ray, revealed
only ¥ intercoronary anastomosis, which is normal and 4
%o + 4 homocoronary anastomosise Seven out of the ten
animals suddenly died when in some form of excitement as
combat or jumping for foode The accurate menner of death

of the other three could not be obtained. Section through
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the heart showed infarction in the endocardial surface
of the left ventricle and interventricular septum in

seven out of ten hearts.

Series B

In this series, ten animals were prepared
with the Beck I operation on ameroid treated dogs.
Of the ten animals, nine died in & similar manner as
the controls, between nineteen to eighty-elpht days,
with an average of 28,5 days. On post-mortem examination
the lingula or left upper lobe of the lung was adherent
to the heart. The septal branch arose from the anterior
descending in six hearts; three from left coronary and
one from the circumf'lex artery. The ameroid was proximal
to the septal branch which arose from the circumflex
artery. Microscopic section through the ameroid constrioctors
revealed an average of eighty percent blockage of the lumen,
varying from 65 to 92.5%e. Schlesinger injection study
revealed 4 intercoronary and 4 homocoronary anastomosis in
all the nine animals which died between nineteen to
eighty-eight days. In none of these nine hearts was
Schlesinger mess seen to fill the periocardium. On micro=-
scopic section the epicardium and adherent pericardium was

found to be thickened and infiltreated with chronie inflanmme
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atory cells and fibroblasts. There was no sign of granuloms
formetion and no blood vessel communiocations between the
pericardium and the myooardium.

In dog No. 313, an arteriogram was done in vivo by
cannulation of internal memmery artery which did not demonstrate
any blood supply from the vasculer mediastinal fat pad into
the left ventricular myocardium after one hundred and ninety
dayse The animal wes sacorificed and Schdésinger injection
study revealed ¥ + ¥ ¥ intercoronary and + homocoronary anas-
tomosis. Section through emeroid revealed wighty-five per-—

cent obstruction of arterial lumen.

Series C

In this series left internal memmery implantation
into the left ventricular myocardium with constriction of
coronary sinus was carried out on eleven dogs with veselinized
ameroid constrictors. One dog developed ventricular fibrill-
ation after coronary sinus constriotion. The ligature was
removed and the heart defibrillated. The above animal was not
included in the compering series. Seven out of ten animels
survived more than two hundred days after which they were
sacrificed. On some of them, arteriogram in vivo was done
before saorificee. The other three out of ten survived from
twenty to fifty-six deyse. The animals during sacrifice or

post-mortem examination revealed the left lung to be adherent
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to the heart end to the internal mammary artery in all

ten animals. The septal branch erose from anterior
descending in six hearts, from the left coronary at its
bifurcation in two others and from circumflex branch in

the other twoe. In all the seven animals, during the
sacrifice procedure, methylene blue was injected into the
soft implanted artery outside the heart. Dye showed
immediately in the left ventriocular myocardium and in the
branches of the coronary arteries. Schlesinger injection
study of the implant showed open arteries in wight hearts
with ensstomoses in seven. Angiography in vivo was done

on dog Noe 168 and 161 Cannulation of the internal

mammary was not successful in dog No. 168 In dog Noe. 151,
which was & success, dye from the implanted artery circulated
through the arteriolar anastomosis with the coronary arteries
and went out through the coronary sinus. In two of the three
animels which died between twenty to fifty-six days, the
internal mammary was completely blocked and did not take
Schlesinger injection. Interestingly enough, in these two
animals, plain 00000 catgut was used to ligate the branches
of the internal mammary artery instead of 00000 black silk
as it was out of stock at that time. These plain ocatgut were-

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

of catgut ligation.




Section through the arteries within the ameroid
revealed an average of seventy-three percent blockage of

the lumen by organized thrombus or intimal proliferation.

Series D

In this series cardiopneumonopexy as described
by Bloomer and his associates was carried out on ten
animals (47, 48, 119). Eight out of ten survived fourteen
to sixty days with an average of twenty-four days. The
other two (dog No. 25 and No. 94) were saorificed after
one hundred and seventy-five and one hundred and thirty=-
nine days respectively. On post-mortem examination
panaumonie in the adherent lobe, haemorrhage and separation
of lobe from the heart wers found in four out of the eight
animals. These are the common complioations of pmeumono-
pexy &s has been mentioned by several other suthors. |
Retrograde injection of Schlesinger mess through the pul-

monary artery, where possible, was done end in none of the
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specimens, could Schlesinger mass be found in the ventricular

myocardium. Mioroscopic section of the artery within the

emeroid revealed seventy-two percent obstruction of the lumen

on the average. The septal branch arose from the anterior

descending breanch in five hearts, from the bifuroation of the




left coronary artery in four and from circumflex branch

in the other. Angiogrephy of the bronchial artery for
visualization of the blood supply to left ventricular
myocardium was negative on dog No. 94, Microscopic seotion
of the cardiopulmonary junction did not show any vascular
communications. There were signs of chronic inflammatory
reaction in the myocardium underneath the lung. Dog No.
125 which survived for one hundred and seventy-five days
revealed + + + intercoronary anastomosis. In dog No. 94

no x-ray study could be made accurately due to faulty

injection.

Series E

In this series Ivalon tube anastomosed to the
descending aorta was implanted into the left ventricular
myocerdiun on ten animels with vaselinized ameroids. All
the animals died within an average of twenty-seven days.
The septal branch arose from the anterior descending in six
cases, from the coronary artery at its bifurcation in three
and from the circumflex branch in the other dog. On post-
mortem examination, nine out of ten implants were completely
thrombosed beginning at the anastomosis with the aorta. One
was partially thrombosed and did take Schlesinger injection

revealing a patent tube but no anastomosis. In all the

153.
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specimens the left upper lobe of the lung wes firmly
adherent to the graft, but the implant could be

separated very easily from the myoocardium indioating

its foreign body nature. Microscopic section of the
artery through the ameroid revealed seventy-one percent
blookage of the arteries. No angiographic study was done

as there was no living animal after three months.
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SERIES F -~ INTERNAL MAMMARY ARTERY LIBATION

All the ten animals died in & similar manner
as to the controls, suggestive of no protection whatsoever
by this methods Moreover pericardiophrenio was usually
found to be a very amall branch of the left internal mammery
artery in comparison to other branches arising from it in
the dogse.

India ink injection study did not reveal any
anastomotic communication with the coronary arterial system.
During the time of operation one could see the fine capillery
anastomosis over the pulmonary artery continuous with
branches of left anterior descending. But it must be too
small to be of any clinical significance and as fer as the
myoocardiel revasoula;isation is concerned.

In some of the animals, the application of ameroids
at the bifurocation of the left coronary artery destroys or
occludes the fine branches supposed to be in communication
with extracoronary arterial system at the root of the heart.
This may be one of the reasons for the abscence of India
ink travelling as far as these fine communications in some of

the hearts.
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CHAPTER XII
DISCUSSION

A, In the control series of vaseline treated ameroids
around the anterior descending and circumflex branch, the
animals survived on the average for twenty-six days. The
branches of the left coronary artery were obstructed due

to intimal proliferation or organized thrombus up to T4
percent of its lumen, with microscopic evidence of myo-
cardial infarction involving the inner surface of the

left ventricle and the interventricular septum (see page

67 ), The manner of death of these animals was also inter-
esting to note, as most of them died in some form of excite-
ment such as combat or jumping for food, during which state
the constricted arterial lumen could not supply enough blood
to the overworking myocardium. From the gross, microscopic
and angiographic study, as well as the manner of death ob-
served, it can be concluded that the ameroid casein plastic
does produce myocardial infarction due to coronary insuff-
icieney in a predictable time and is similar in nature to
the human condition from the clinical and pathological
point of view.

These ten hearts were studied for development of




new intercoronary anastomoses due to the gradual blockage

of the arterial lumen. It may be mentioned again that
Schlesinger injection study reveals only arterioles larger
than 40 micra in diameter. However, anastomotic communic-
ation less than 40 micra are of little clinical significance
(38).

Blumgart and his associates reported that twelve
or more days of 75 percent narrowing were required to pro-
duce anastomotic communication sufficient to protect the myo-
cardium. In the present control series of ten animals, all
of them survived beyond twelve days and the left coronary
artery branches were narrowed up to 74 percent. None of
them revealed any new intercoronary anastomoses.

It can be concluded that it takes a much longer
time than twenty-six days for the development of new inter-
coronary anastomoses, sufficient to protect the myocardium

from gradual occlusion of coronary arteries.

B, BECK I

In this series the Beck I operation was perfomed
on ten animals with vaselinized ameroids. Nine animals
survived twenty-eight days on the average, In this group

death occurred in a similar manner as in the comntrol group.
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There were no complications like pericardial cyst form-
ation in any of the specimens., These nine hearts also

did not reveal any intercoronary anastomosis by Schlesinger
injection study despite the Beck I operation and gradual
obstruction of the left coronary arterial lumen to 80 per-
cent, Beck and his associates have reported that inter-
coronary communication develops as early as two days (13),
and collaterals to the heart develop as early as three

weeks (152). The discrepancy may be due to the fact that
their study was not done by Schlesinger injection technique
and the anastomotic channels which were shown were less than
40 micra in diameter. On microscopic examination in all our
specimens the epicardium and inner layer of pericardium were
not destroyed completely. There was thickening with chronic
inflammatory cells and fibroblasts in the epicardium in con-
trast to the findings of others who have reported formation
of granulomas with communicating vascular channels between

the pericardium and myocardium (198, 199).

The tenth animal survived for one hundred and ninety

days in spite of the blockage of the coronary arterial lumen

to 80 percent and revealed four plus intercoronary anastomosis.

This animal was sacrificed after angiography to visualize

extramyocardial supply through the vascular mediastinal fat,
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This was negative. This application of vascular mediast-
inal fat pad is one of the steps of the Beck procedure.
Mautz and Beck make no claim as to the amount of blood

that can be transported to the heart through these new
vessels, Only in the late stage of the coronary arterial
obstruction does blood actually flow into the heart through
extracardiac anastomosis, since it is only in severe coron-
ary arterial obstruction that these vessels have been seen
to persist and enlarge.

In our experimental animals the coronary arter-
ial obstruction can be considered as severe as it kills
them. Despite this there is no evidence of extracardiac
anastomosis,

The main reason for the survival of the lone
dog out of ten was the good intercoronary anastomosis
which could overcome the effect of obstruction. From
our studies it could be concluded that intercoronary
anastomosis develops sometime beyond twenty-eight days
after the Beck I operation in the dogs treated by vasel-
inized ameroids for production of coronary artery insuff-
iciency.

C. LEFT INTERNAL MAMMARY IMPLANTATION INTO IEFT VENTRIG-
ULAR MYOCARDIUM WITH CONSTRICTION OF CORONARY SINUS
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In this series, left internal mammary implant-
ation into the left ventricular myocardium with simultan-
eous constriction of coronary sinus to 3 millimeter was
done on ten dogs. The main reason for adding this extra
step is to find out if the surgical benefit could be
increased beyond the 76 percent which was attained with the
implant alone at the present time. Drs. Vineberg and
Walker recently reported one hundred cases with 76 percent
improvement.,

In this experiment seven out of ten animals sur-
vived more than two hundred days. They were sacrificed
after angiography was done, All these seven had open
arteries with good anastomosis. One out of the other
three animals which survived less than two hundred days
had an open left internal mammary artery without any anas-
tomosis, The other two implants were completely blocked.
Surprisingly enough, in these two animals the blockage of
the implant is attributed to the use of catgut for liga-
ture of the branches of the internal mammary artery., Cat-
gut was used in these two animals because of the unavail-
ability of silk during the time of operation. These cat-
gut sutures did not dissolve even after four to six weeks

and the arteries felt hard and beaded near the ligation of

1604
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its branches,

As it has already been discussed, the coronary
sinus constriction was added with the idea that it will
provide greater extraction of oxygen from blood in the
capillary bed and stimulation of intercoronary communi-
cation, Moreover, the ameroid casein goes into a burst
of expansion in the first eight to ten days when the cor-
onary sinus ligation will be beneficial as the arteriolar
anastomosis is not fully developed in the early weeks of
implantation. Baily states that simple ligation of the
coronary sinus may be considered as a total revascular-
ization procedure although a lesser degree of intercoronary
development is obtained by this. However, our experiments
discount this being a total revascularigation procedure as
the animals did not survive with the Beck I operation in
which this is one of the important steps. However, it un-
doubtedly has some value as shown by all the previous
studies.

Statements that the benefit of implant procedure
is due to the development of intercoronary are not valid
as in our study, and recently by several other groups, it
is proved that the implant communicates with the coronary

arterial system by anastomotic arteriolar channels. Angio-




graphic study in vivo in our experiments clearly depicts
the course of blood through the ventricular myocardium,
In addition there are other proofs by injection and x-ray
studies. Recently Bakst and Loewe reported 90 percent
filling of the anterior descending branch of the left
coronary artery through the internal mammary implant
when performed in the ischaemic heart, as reported in
the American Journal of Cardiology, March, 1958, The
retrograde flow from the anterior descending was 12 cc.
per minute in contrast to 3.8 cc. in Harken's modified
de-epicardiliazation with 95 percent phenol and 5.5 cc.
by Thomson procedure. They have come to the comclusion
that the combination of implant and Thomson procedure
is an effective operation to protect both anterior and
posterolateral portions of the left ventricle.

As has been mentioned, the infarction in amer-
oid treated animals occurred in the deeper surface of the
left ventricle and interventricular septum near the endo-
cardium which also is the case in human hearts. In 1940
King published a critical essay on the grafting procedures
in general in which the vascular communication occurs be-

tween the vessels of the graft and the epicardial vessels,
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The graft applied to the surface of the heart can do
very little to supply the deeper layers where the in-
farction generally occurs. Moreover, in most of our
studies there does not seem to be any vascular commun-
ication between these grafts and the myocardium. A
gimilar observation of King and Freidbacker is that a
fibrous tissue layer develops between the graft and
the heart which gradually tends to contract due to sear
tissue formation in spite of the demand for their ex-
istence in our experiments with induced myocardial

ischaemia,
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CARD IOPNEUMOPEXY

SERIES D -

In this series the pulmonary aftery to the
left lingula was ligated to stimulate bronchial artery
dilaetation as reported by Bloomer and his assoociates (49).
The lingula was then anchored to the left ventrioular
myocardium after applioation of phenol as advooated by
Harkins to destroy the epicardial barriere. Although this
operation has been carried on humen patients, no experi-
mentel evidence of vasoular communiegation to the ischaemio
myocardium hes yet been reported.

Bloomer's experiments were carried out on
normel hearts with the appliocation of silvernitrate on the
left ventricular myocardiume They reported that the
oonnection between the bronchopulmonary and coronary
oirculation occurs between 9 and 20 weeks after surgery as
revealed by Vinyl plastic corrosions However their was no
evidence in our experiments by Schlesinger injection study
of any communicationse Moreover most of our animals died
before the uptimum time for the development of vascular
oommuniocatione

In this series eight out of the ten animals died
within an average of 24 days due to coronary insufficiency
produced by ameroidse The anterior desoending and circumflex

branches were obstructed to 72% of its oross-section.
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Pneumonie in the adherent lobe, haemorrhage, separation
of the lobe, pneumothorax and atelectasis are the common
oomplications of pneumopexye In these experiments 4 out
of 8 animals died of these compliocations. Two other
animals whioh survived beyond 130 days were sacrificed
after angiography to visualise the bronchial arterial
oommunications into the left ventricular myocardium. The
angiography was negative and on exploration the lungs were
firmly adherent to the heart. Schlesinger injection study
through the pulmonery ertery did not reveal any injection
mass in the myocardiume The possible cause of survival of
these animals was thought to be due to new intercoronary
anastomosise Schlesinger injeotion study, dog No. 25, showed
+ + + intercoronary anastomosis and in dog Ho. 94, no
conclusions could be made accurately due to faulty injection.
It seems if there were any vascular ocommumication between
the lingula and the myocardium at all, it must be less than
40 miocre sinoe it did not teke Schlesinger injection.
Histologic examination of the junctional area
between the heart end lung did not reveal eny vascular
communication. There was a fibrotic reasction assoociated with
signs of chronioc inflammation in the myocardium underneath
the adherent lung.
Prudden (165A) even improved Bloomer's procedure

to produce a high pressure cardiopneumopexy by & direct
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anastomosis of the subolavian to the pulmonary artery
of the left lower lobe. His results were also disappointing.
He found the interface beéween the onley end myooerdium filled
with a conneotive tissue barrier which prevented effective
vascular communication.

Our experiments also reveals the same picture
in this series of experiments of coronary insufficiency by
gradual occlusion.

In conclusion onlay grafts of highly vascular tissue
do not revasoularize the myocerdiwm to & degree sufficiant

to protect the heart from coronary insufficiencys
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SERIES E - IVALON TUBE IMPLANTATION FROM THE AORTA

INTO THE LEFT VENTRICULAR MYOCARDIUM.

In this series Ivalon %tube anastomosed to the
descending aorta was implanted into the left ventricular
myocardial tunnel. This was carried out on ten animals
with vaseline treated ameroids. All the ten animals died
within en average of 27 days as the ocontrol group. Nine
out of the ten grafts thrombosed at the time of post-mortem
exeminations The thrombosis was extending from the anest-
omotic site towards the myocardiums. There was no thrombus
extending into the aorta at the time of autopsy to account
for embolisme In one of the grafts which was partially
thrombosed, Schlesinger injection and x-ray study did not
reveal any communicatlon with coronary arteriel system.

The operation itself and the anastomosis of graft
im quite satisfectory from the peihtodf technique as one
could see the pulsation in the graft at the time of operation.
There is no reports published in the literature regarding the
Ivalon tube implantatiom in human cases,although ivalon has
been used extensively in intracardiasc and vascular repairs.
Recently Dr Vineburg reporteff using the ivalon sponge for

myocardial revascularisation.



168.

Smith has used the nylon tube prosthethic graft for
implantation in human hearts and has been satisfied with
the results. But this procedure is still in experimental
stage and there is no long term follow up as regards the
thrombus formation and its efficacy in ocoronary arterial
insufficiency.

In oconclusion, Ivalon tube implantetion, inspite
of its advantage over other types of prosthetio grafis
thromboses quite early and does mot proteot coronary arterial
ingufficienocy produced by ameroid constrictors. Moreover
ivalon tube acts as a foreign body and produces chronie

inflammatory reaction around the myocardial tunnel.




INTERNAL MAMMARY ARTERY LIGATION

In this series, the animals died after 26
days sustaining the average as in the control groupe
Previous to the present series, a study was made on ten
animals with bilateral internal mammary ligation treated
with dry emeroidse Schlesinger injeotion was found to be
too visous to pass through the distal branches of the
pericardiophrenic artery to show the communication with
the coronary arterial system. It was modified in the
present series by ligating the distel brenches of the
subclavian and the distal end of the peridardiophrenio
to gain the meximum hypertensive effect as suggested by
Dr. Blalook. This was carried out on 10 animals with
vaselinised emeroid constrictors. In these animels India
ink was injected into the divided internal memmary artery
but in none of the specimens was the ink found in the
myocardiume It could be seen to have traveled as far as
the periesortic and pulmonary capillaries when the
periocardium was reflected.

In the last two years, several experiments
have been carried out in different centers to find
objeotive evidence of inorease blood supply into the

myooardium by bilateral internal memmery ligation. After

the concept of the Italian authors like Fieschi, Battezzali,

Tagliaferro and De Marchi, Glover and group have reported
on 135 human oases with 68% improvement in relief of pain

and discomfort <
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Adams (5) reported his results of experiments
on fresh cadavers followed by operation on 4 cases. On
fresh cadavers he messured the flow rate in the sorta,
internal memmery artery and perioardiophrenic artery. After
the ooclusion of the internal mammary artery there was no
inorease in minute volume of flow from the pericardiophrenic
artery.

Out of the 4 human cases operated on, the pain
disappeared before the vessels were ligatede In his cases
symptomatic improvement was not supported by objective
olinical tests in any of these casese. Similar is the
observetion by Glover in his ocases. Adams concludesz "The
symptom relieving effectiveness of a patient will suoc;ed,
of belief in his physicians word, and of confidence in his
surgeons proceduro" has once again been demonstrated "as
a triad of facts".

In coﬁclusion the bilateral internal mammary
ligation does not lead to any demonstrative benefit in
proteoting the heart from coronary insuffioiency produced
by gradual occlusion. There was no objective evidence of

communicetion with corronary arterial systeme.
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CHAPTER XII1

SUMMARY AND CONCLUSIONS

A brief review of the anatomical, physiologiocal and
pathologiosl considerations with regard to the problem

of myocardial revascularization is desoribed.

A survey of various methods of producing coronary artery
insufficiency has been presented and the technique adopted
in the experiments has been desoribed.

A ocasein plastioc (emeroid) in a stainless steel jacket
when placed around the anterior descending and cirocumflex
branches has been shown to produce coronary artery
insuffioiency in a predioctable time, averaging twenty-six
days in control animals.

Coronary artery insufficiency produced in the dogs by
emeroid constrictors is similar to the human condition of
coropary artery disease from the clinical, anatomical and
pathologioal point of view.

The lumen of the arteries within the amerolds are obstruocted
on an average of 74% due to intimal proliferation or
orgenized thrombus formatione The infarction produced by
such & procedure is confined to the inner surface of the

left ventricle and interventricular septume
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The gradual oocclusion of the coronary artery resulting

in an average of 74% reduction of lumina in a twonty-six
day period does mot stimulate the development of any new
intercoronary amastomoses sufficient to proteot the
myooardium.

In the Beck I procedure, intercoronary anastomoses of
sufficient size to protect against coronary artery
insufficiency produced by ameroid constrictors ocourred
in only one out of ten animalse.

Further engiographic studies of Beck I material revealed
no evidence of collateral anastomotic channels between the
vasoular mediastinal fat pad end the coronary arterial
system in ‘the myocardium.

The operation of left internal memmary implantation and
simultaneous coronary sinus partial occlusion up to & mm.
has been shown to produce the best proteotion against
coronary artery insufficiency produced by smeroid
oconstriotorse Seven out of ten animals survived beyond
sgix months with good arteriolar anastomosis; eight out of
ten arteries were patent.

The flow of dye through the implant and its communication
with the coronary arteriel system was studied in vivo. The

angiogrem of dog No. 151 is shown on page 136 = 142.
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. myocardium as shown by Schlesinger mass injection and
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The use of plain ocatgut in ligating the branches of the

left internal mammery seems to be injurious end tends to
thrombus formation. In the two animals which had complete
thromboses plain catgut was used.

Coronary sinus ligation did not appear to influence the
percentage of mammary ocoronary anastomoses by implant alone.
Surface grafts like ocardiopneumopexy did not reveal any
evidence of vascular communications between the bronchial

arterial system of the graft and the left ventricular

angiographic study.

Surface grafts of highly vascular tissue did not
revascularize the myocardiume. A connective tissue barrier
developed at the interface between the graft and heart
muscle. This is probably due to incomplete destruction of
the eplocardium which aots as a strong barrier for revasocul-

arizations

In one of the surviving animals out of ten, cardiopneumopexy
led to the development of intercoronary anastomosis as shown
by Schlesinger injection study.

Bilateral internel memmary ligation did not protect the
animal heart with coronary artery insuffiociency. There was
no evidence of anastomotio communiostion between the peri-
cardiophrenic and the extracardiac branches of the coronary

artery in the myocardium by India ink or Sohlesinger injection

study .
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17) Implantation of a prosthetic tube, like Ivalon,
from the aorta to the left ventrioular myoocardium
failed due to thrombosis in 90 percent of the cases.
The thrombosis usually started at the anastomotio

site.
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