ORIGINAL ARTICLE

Circulatory Assistance with a Cardiac
Allograft after Exclusion of the Canine Left Ventricle

Peter A. Alivizatos, M.D., Albert J. Guerraty, M.D.,
and Richard R. Lower, M.D.

Reprinted from The Annals of Thoracic Surgery, Volume 34,
Number 2, August, 1982. Published by Little, Brown and
Company, Boston, Massachusetts. All rights reserved. No
part of this reprint may be reproduced in any form or by any
electronic or mechanical means, including information
storage and retrieval systems, without the publisher’s writ-
ten permission.



ORIGINAL ARTICLE

Circulatory Assistance with a Cardiac
Allograft after Exclusion of the Canine Left Ventricle

Peter A. Alivizatos, M.D., Albert ]J. Guerraty, M.D.,
and Richard R. Lower, M.D.



Circulatory Assistance with a Cardiac
Allograft after Exclusion of the Canine Left Ventricle

Peter A. Alivizatos, M.D., Albert J. Guerraty, M.D.,

and Richard R. Lower, M.D.

ABSTRACT Cardiogenic shock after myocardial in-
farction still carries a high mortality despite use of
intraaortic counterpulsation and early surgical revas-
cularization. An experimental canine model of left
ventricular exclusion and circulation support was
developed by closing the mitral valve and by inter-
posing “in series” a cardiac allograft between pul-
monary and systemic circulations. This preparation
was able to support the recipient circulation after
cardiopulmonary bypass in 25 animals. In 16 dogs
the graft sustained life for from 1 to 32 days.

It is hypothesized that such left ventricular assis-
tance could be used to maintain the life of patients in
cardiogenic shock after myocardial infarction. By
providing maximal left ventricular decompression
and improvement of the native coronary perfusion,
this method may reverse the metabolic imbalance re-
sponsible for extension of the infarction, thereby
salvaging muscle that is in jeopardy but still viable.

Cardiogenic shock following myocardial in-
farction continues to result in a high mortality
despite current therapeutic innovations, such
as intraaortic counterpulsation and early sur-
gical revascularization [1-9]. Theoretically, a
major goal of treatment is to conserve all possi-
ble “marginal zones” of ischemic myocardium
that, if prevented from undergoing necrosis
and permitted full recovery, may constitute an
important source of myocardial reserve [4, 6].
Recent improvements in cardiac transplanta-
tion [10, 11] have raised the question of
whether a heterotopic cardiac allograft might
serve as a temporary cardiac assist device in
a patient with cardiogenic shock from acute
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infarction who responds poorly to intraaortic
counterpulsation, but who demonstrates ade-
quate residual viable myocardium on cardiac
catheterization, particularly if the “border
zones”’ can be salvaged and the infarction re-
sected once it matures. It may be concluded that
unloading the left ventricle while maintaining
optimum coronary perfusion would best serve
these needs. Thus, this experiment in dogs was
designed to incorporate a cardiac allograft “in
series” with the left heart, while diverting all
systemic blood by temporarily occluding the
mitral valve orifice.

Materials and Methods

Twenty-five experiments were carried out
using the present protocol. Donor animals
weighed between 14 and 18 kg. Anesthesia was
provided with intravenously administered
pentobarbital (30 mg per kilogram of body
weight), and the animal was connected to a
positive-pressure ventilator delivering 60%
oxygen. Through a median sternotomy the
azygos vein was doubly ligated and divided,
while the venae cavae, the innominate and sub-
clavian arteries, and the proximal descending
aorta were dissected. After systemic heparini-
zation (2 mg per kilogram), the subclavian ar-
tery was transected between ligatures and the
innominate artery cannulated for the infusion
of cardioplegic solution. Exposure of the heart
and great vessels was facilitated by partial peri-
cardiectomy. Following electrical fibrillation
of the heart, both venae cavae were divided
between ligatures. The descending aorta was
cross-clamped, and approximately 300 ml of cold
potassium cardioplegic solution was infused.
The cardiectomy was completed by transecting
the pulmonary veins, the descending aorta, and
the pulmonary artery at its bifurcation. Myo-
cardial protection was effected by means of
electromechanical arrest and graft immersion in
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N\ cardioplegia line

Fig 1. Donor cardiectomy included closure of the right
atrial inflow and pulmonary artery (PA)-left atrial
(LA) appendage anastomosis. The aorta was transected be-
yond the origin of the left subclavian artery. (SVC =
superior vena cava; IVC = inferior vena cava; a. =
artery.)

4°C saline solution. Donor heart preparation
was completed by anastomosing the pulmonary
artery to the left atrial appendage (Fig 1) and
closing all the pulmonary venous orifices with
the exception of the left superior pulmonary
vein, whose origin was enlarged. The aorta was
beveled at the origin of the subclavian artery.
Recipient animals weighed between 18 and
24 kg. Anesthesia was the same as for the
doniers. The dog was placed in the right lateral
decubitus position, and the electrocardiogram
and blood pressure were monitored continu-
ously. Through a left thoracotomy, the proximal
descending aorta was exposed and the pericar-
dium opened longitudinally and anteriorly to
the left phrenic nerve. After heparinization (2
mg per kilogram), the left femoral and carotid
arteries as well as the left femoral and external
jugular veins were cannulated for cardiopul-
monary bypass. An anastomosis was made
end-to-side between the graft aorta and the re-
cipient proximal descending aorta (Fig 2), after
aortic cross-clamping and use of a temporary
carotid-femoral external shunt. Subsequently,
cardiopulinonary bypass was instituted using
hypothermia at 28°C and a flow of approxi-
mately 50 :ul per kilogram per minute. An el-
liptical cpening extending 1 cm below the neck
was made in the lateral aspect of the recipient
left atrial appendage. Through this opening,
the mitral valve was closed with a Teflon patch

descending aorta

Fig 2. Donor-recipient end-to-side aortic anastomosis.
(LA = left atrial; IVC = inferior vena cava; Ao, =
aorta, v. = vein.)

Fig 3. Closure of the recipient mitral valve was done by
suturing a Teflon patch to the supraannular atrial ts-
sue.

sewn to the supravalvular annulus (Fig 3). Last,
both left atria were anastomosed by suturing
the recipient atrial opening to the left superior
pulmonary venous stump of the graft. Care was
taken to approximate the superior transition
point between atrial appendage and pulmonary
venous opening of the donor to the lower end of
the recipient elliptical atrial incision (Fig 4).
After removal of air from all cardiac chambers,
both hearts were defibrillated and cardiopul-
monary bypass was discontinued. Temporary
ventricular pacing wires were placed for mon-
itoring. An intravenous drip of dobutamine
(1.5 to 5 ug per kilogram per minute) was
maintained for 3 to 8 hours. Prednisone, 2
mg per kilogram, and azathioprine, 2.5 mg
per kilogram, were given daily. Postoperative
studies included an electrocardiogram and
blood cell counts daily.
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Fig 4. Atrial anastomosis must be oriented properly to
avoid inflow tract occlusion. The junction between the
donor superior border of the left atrial appendage and
the stump of the left superior pulmonary vein was su-
tured to the inferior angle of the opening of the recipient
left atrial appendage (LAA). (PA = pulmonary artery.
Arrows indicate the point where the anastomosis is
begun.)

Cardiac catheterization was performed in 5
animals between 7 and 10 days postoperatively.
Cardiac output, pulmonary arterial pressure,
pulmonary capillary wedge pressure, arterial
pressure, and donor and recipient left ven-
tricular pressures were recorded. Two animals
also had cineangiography.

In three instances of impending allograft re-
jection, the auxiliary heart was removed and
the mitral valve reopened at 11, 18, and 24 days
postoperatively. Postmortem examination was
done in all animals who died.

Results

Sixteen recipient animals survived operation
for at least 24 hours. Of these, 4 died of cardiac
failure 1 to 4 days after operation, with elevated
left atrial pressure and low cardiac output. The
cause could not be ascertained at postmortem
examination, as no anastomotic constriction
was evident. Death was presumed to be due
to inadequate myocardial preservation. Eight
animals died of pulmonary complications 1 to
32 days after operation. Infection due to im-
munosuppression was common. Two dogs
died of undetected hemothorax. Three animals
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Fig 5. Hemodynamic data after transplantation (experi-
ment 18). (A) Pulmonary artery and recipient aortic
pressure curves; (B) pulmonary capillary wedge and re-
cipient left ventricular pressure curves; (C) pulmonary
capillary wedge and recipient aortic pressure curves; (D)
pulmonary capillary wedge and donor left ventricular
pressure curves; and (E) same as A. The electrocardio-
graphic tracing runs along the bottom.

underwent reoperation at 11, 18, and 24 days
for removal of the rejecting allograft and
reopening of the mitral valve. One died of em-
pyema after reoperation, while the other 2 re-
main alive two months later.

Cardiac catheterization in 5 animals between
7 and 10 days after operation revealed a mean
cardiac output of 0.176 = 0.007 L/min/kg (£
standard error) which was not significantly
different from that of dogs orthotopically trans-
planted in our laboratory {12]. Mean pulmonary
capillary wedge pressure was 5 = 0.54 mm Hg
and mean arterial pressure was 106 = 7.76 mm
Hg. Mean systolic left ventricular pressure was
178 *+ 8.54 in the graft and 95 * 3.5 mm Hg in
the recipient heart. Left ventricular diastolic
pressure was between 0 and 4 mm Hg in both
hearts. As shown in Figure 5, the recipient left
ventricular pressure was lower than the aortic
pressure, with no evidence of native left ven-
tricular ejection when the aortic pressure curves
were analyzed.

Cineangiography was performed during car-
diac catheterization in 2 animals. As demon-
strated in Figure 6, all pulmonary venous return
entering the recipient left atrium was diverted
to the graft left atrium, left ventricle, and aorta.
The native coronary circulation was supplied
through retrograde flow in the recipient aorta
and the native aortic valve remained closed
throughout the cardiac cycle.
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Fig 6. Cineangiogram shows: (a) recipient left atrium;
(b) donor left atrium; (c) donor-recipient aortic anas-
tomosis; (d) graft left ventricle.

At postmortem examination in all animals
and at reoperation in 3 animals, no thrombus
was found in the left ventricle and in most ani-
mals only a thin layer of pseudointima was
noted on the atrial side of the mitral valve
patch. Both hearts were beating asynchro-
nously throughout the postoperative period as
evidenced by daily electrocardiograms (Fig 7).

Comment

Since mortality after myocardial infarction is in
part related to the size of the infarct [1], maneu-
vers that succeed in salvaging myocardium in
jeopardy, such as the so-called border zones (3,
4,7, 13], might be expected to improve survi-
val. Patients with acute myocardial infarction in
whom shock, as usually defined [14], develops
have a very high mortality with conventional
treatment, because usually they have lost at
least 40% of the left ventricular myocardium
[15]. It is hypothesized that some of these pa-
tients whe have substantial border zones in
jeopardy may survive if coronary perfusion can
be maintained or augmented and if myocardial
oxygen demand can be reduced. The prepara-
tion described here (Fig 8) seeks to meet these
objectives by unloading the injured left ven-
tricle completely while maintaining coronary
perfusion.

Fig 7. Electrocardiogram shows asynchronous electrical
activity in recipient and donor hearts.

G Ao

R Ao

RECIPIENT GRAFT

Fig 8. Circulation diagram of recipient and donor hearts
connected in series. (RA = right atrium; LA = left
atrium; RV = right ventricle; LV = left ventricle;

G Ao = graft aorta; R Ao = recipient aorta.)

Other investigators [16—20] have studied the
use of an allograft in the heterotopic position to
function as a booster or as a left ventricular as-
sist device. When the cardiac allograft is placed
in parallel, as in the studies of Barbero and as-
sociates [21] and Moore and Ross [22], it is pos-
sible that, unless the hearts are synchronized
by pacing, the increased afterload might be de-
leterious to the injured ventricle.

The major difference between our approach
and the previous studies just cited is closure of
the mitral valve to place the graft “in series”
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and to completely unload the injured left ven-
tricle. Our studies allow us to conclude that the
operation is technically feasible and that life can
be sustained by the graft in this arrangement.
The experiment does not answer the important
question of whether this technique would allow
sufficient recovery of jeopardized but salvage-
able myocardium to permit later removal of the
allograft and the mitral valve patch, with re-
sumption of full circulation by the patient’s
own ventricle, perhaps with resection of the
matured infarct.

The questions of optimum timing for reoper-
ation and of the risk of ventricular atrophy [23]
are also not answered by this experiment and
require further study. Concern over the possi-
bility of thrombosis in the left ventricle was not
completely resolved by our observations in
these experiments, but it was encouraging to
note that thrombosis was not observed in any
of the specimens. If this approach is used clini-
cally, anticoagulants may be advisable since
thrombosis would more likely occur in the
presence of a transmural infarction. Whether
overall survival of patients with this approach
would be superior to current efforts with in-
traaortic counterpulsation [8], early revasculari-
zation [9], other types of left ventricular assis-
tance [13, 24], or orthotopic transplantation is
only conjectural at this time. It does represent
an additional consideration for patients in car-
diogenic shock from acute myocardial infarc-
tion who are presumed to have a reasonable
amount of salvageable myocardium after car-
diac catheterization and who are dependent on
intraaortic balloon assistance.

Graft orientation is essential to the success of
the procedure. Beveling the donor aorta at the
origin of the subclavian artery provides a larger
anastomosis and provides appropriate aortic
length to avoid kinking and a tendency for
clockwise rotation of the heart with each con-
traction. The other point of graft anchoring is
the atrial anastomosis, where the first suture
must be placed at the transition between the
superior border of the left atrial and the su-
perior pulmonary venous opening of the graft
and then be passed through the lower end of
the elliptical opening in the recipient appen-
dage (see Fig 4). This generous communication

allows a free flow at the interatrial anastomosis.
A properly oriented graft viewed from the left
chest lies with the apex aiming at the manu-
brium and with the base resting on the arterial
conus of the recipient heart in front of the
spine, while the left anterior descending artery
faces the surgeon.

Qur studies have shown that circulatory assis-
tance by means of a cardiac allograft connected
“in series” to the recipient circulation may sus-
tain life in cases of cardiogenic shock after myo-
cardial infarction. This approach improves coro-
nary perfusion and maximally decompresses
the left ventricle of the native heart. Reversal
of metabolic imbalance in the zone around
the infarct may salvage myocardium in jeop-
ardy. At a later period after healing of the in-
farcted area, consideration could be given to
restoration of function of the recipient left ven-
tricle by removal of the mitral patch, resection
of the infarct, and, if left ventricular function is
good, removal of the transplanted heart.
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