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Dynamics of Collateral Circulation Following Chronic Occlusion
of Coronary Arteries.*

FRreEDERICK R. MAauTz aND DoNaLp E. GrEeGa.

From the Departments of Surgery and Physiology, Western Rescrve University,
Cleveland, O.

The exact mechanism by which the myocardium is nourished in
the presence of chronic obstruction of the coronary arteries is still
controversial.»» * The reason for this appears to be that the studies
have been largely anatomical and give only qualitative data regarding
collateral blood flow.* 1In the normal heart the controversy has
been cleared to a large extent by physiological studies. The majority
view is best expressed by Wiggers:* *“The collateral flow is extremely
small and insufficient to support contraction in an area rendered
[acutely] ischemic by ligation of a main [coronary artery] branch.”
However, since anatomical connections normally exist between a
given coronary artery and (a) other coronary arteries,” (b) extra-
cardiac arteries® and (c¢) ventricular cavities,” the work of Wiggers
does not rule out the possibility of enlargement of existing collateral
channels or the development and enlargement of new connections.
Indeed, it is known that following acute experimental occlusion of
a coronary artery, the infarcted area is generally much smaller than
the area originally supplied by the occluded artery.® We have, there-
fore, attempted to devise ways and means of stimulating the develop-
ment of such an accessory circulation and to study its phiysiological
extent,

It seemed to us that the ultimate solution of the problem of the
development, source, and determinants of collateral coronary flow
might be reached by studying the peripheral coronary pressure
(P.C.P.) and blood flow from coronary arteries that have been

occluded for varying lengths of time and in hearts with increasing
extent of coronary arterial occlusion.

* Aided by a grant from the Josiah Macy, Jr. Foundation.
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In the present study chronic coronary artery occlusion was pro-
duced in dogs by 2 methods: The right coronary artery or the left
descending ramus was occluded by complete ligation of the vessels
about one cm. from the aortic ostium. [t was noted at the time of
ligation that the portion of the ventricular walls supplied by the
artery ligated invariably became cyanotic and bulged with each sys-
tole. This operation carries a high mortality and preferably should
be done in stages. The circumflex branch of the left coronary artery
was occluded in 4 stages at the point of origin by means of a silver
screw clamp.’

Five successful experiments were carried out on hearts 2 to 12
months after complete occlusion of a major coronary artery. After
intratracheal ether anesthesia, a’ combination of heparin, 15 units
per kilo and chlorazol fast pink, 0.080 gm. per kilo, was introduced
into the circulation to prevent coagulation. A cannula was intro-
duced into the occluded coronary artery just below the point of oc-
clusion and connected to an optical pressure manometer of improved
design.” Peripheral coronary blood flow was recorded by connecting
the P.C.P. manometer to either an Archimedes bucket for mean
flow or to a new type of optical recording meter for phasic flow.
Aortic and either right or left ventricular pressures were similarly
and simultaneously recorded. On exposure of the hearts with remote
coronary artery occlusion, the areas which at the time of ligation
were cyanotic and bulging now were of normal red color, except for
occasional white scars, and definitely showed systolic shortening.
Finally, the hearts after death were injected with a barium sulphate
gelatin mass using the technique described by Gross.'* The ana-
tomical increase in collateral comimunications was determined by
Rontgenograms and by dissection of the heart. The degree of in-
farction was estimated from gross inspection of the sectioned heart.

The criteria for our belief that a considerable collateral circula-
tion develops following chronic occlusion of coronary arteries are:
(1) large increases in P.C.P. over normal values, (2) a peripheral
coronary blood flow far in excess of normal, (3) a minimum of
infarction together with macroscopic evidence of contraction, and
finally (4) enlargement of preéxisting or new anatomical connec-
tions between occluded and non-occluded arteries.

A portion of this evidence is summarized in Table I. In 4 of 5
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experimentst there is definite evidence of the development of a
collateral circulation following chronic coronary artery occlusion in
that (a) the P.C.P. rises to values which approach the aortic pres-
sure, () there is a large increase of peripheral blood flow, (c) a
minimum of infarction, and (d) an increase in anatomical collateral
channels. The extent of this peripheral blood flow with aortic
pressures ranging from 82/54 to 128/104 mm. Hg. after complete
occlusion of the coronary artery in question is from 14 to 70 cc.
per min. The upper range of this volume flow, experiment GM-4,
approaches the normal inflow into a coronary artery.f Correlating
the anatomical data with the blood flow in GM-4, the largest col-
lateral communications found in this series of experiments were
present between the right coronary artery and the left circumflex in
the posterior A-V sulcus (Fig. 1B as compared with a normal con-
trol, Fig. 1A).

Fie. 1.
B, Rontgenogram showing enlarged collateral channel between right coronary
and left circumflex 12 months after right coronary ligation (Exp. GM-4) as com-
pared with normal, A.

In Fig. 2, graphic evidence in the form of reproductions of orig-
inal P.C.P. curves from the major coronary rami in acutely and
chronically occluded arteries is set forth. Inspection of the per-
ipheral right coronary pressure in control A-2 as compared with A-1
shows that following chronic right coronary occlusion, the P.C.P.
rises from a probable maximum of 30/24 to 110/90 mm. Hg., a
value very close to the prevailing aortic pressure, while its contour

t We consider experiment GM-2 as our best control. Here there was remote
ocelusion of the right coronary artery and a collateral eirculation failed to develop
as evidenced by applying the criteria previously listed.

} It should be emphasized that since all volume flows were measured against
zero resistance, the actual inflows into the ischemie zone of the intact heart would
be somewhat less.



DynaMics oF COLLATERAL CIRCULATION 801

A-

Fie. 2.

A-1, B-1, C-1 are P.C.P. curves after chronic obstruction of right coronary,
left circumflex, and left descendens respectively for which A-2, B-2, C-2 are
respective controls. AP, aortic pressure; CP, peripheral coronary pressure; RVP,
right ventricular pressure; LVP, left ventricular pressure. Time = 0.02 second.

is patterned after the aortic, even showing an incisura. We have
always obtained such a rise of the P.C.P. except in experiment GM-2,
Table 1, in which collaterals failed to develop and the P.C.P. was
11/10 mm. Hg.

Marked augmentation of the P.C.P. also occurs after chronic
occlusion of the left circumflex (B-1 as compared with B-2). The
P.C.P. rises from a control value of 29/18 in B-2 to 76/36 mm.
Hg. in B-1, or to a value only 10 mm. Hg. below the left ventricular
pressure.

Chronic occlusion of the left descendens also shows a definite
increase in the P.C.P., C-1 as compared with C-2. Detailed analysis
of these pressure curves is reserved for a later publication.

Such experiments, therefore, lead us to the conclusion that fol-
lowing chronic obstruction of a major coronary arterial ramus there
develops a massive new collateral coronary circulation. The sources
and determinants of such a new myocardial blood supply are now
being investigated.



