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The morphological changes in the transplanted heart are
like those seen in the kidney grafts-namely, interstitial
infiltration with mononuclear cells, oedema, necrosis of the
heart muscle, and-apparently the worst lesion-an insidious
arteritis in which the endothelium becomes duplicated and
fibrotic and the lumen of the vessel reduced or eliminated.
This process leads to myocardial ischaemia and can appear
clinically rather suddenly in a patient who appeared to be
reasonably well-a clinical situation all too familiar in myo-
cardial ischaemia due to coronary atherosclerosis. It has been
suggested that a heart consisting mainly of muscle, a relatively
simple structure, might not be particularly antigenic, but heart
grafts are rejected by animals certainly as aggressively as
kidneys ; indeed, the process may be rather more severe with
the heart. Organs differ in the likelihood of their rejection;
experimental evidence suggests, for instance, that the liver is
less likely to be rejected than the kidney.
The patient with acute, potentially reversible rejection of a

grafted heart may be very difficult to care for during this
critical phase, since there is no cardiovascular technique
analogous to the use of dialysis to maintain a patient with poor
renal function. The experience of the Houston workers would
seem to be similar to that of others, and the conclusion they
came to is that " human cardiac transplantation is still an
investigative procedure with minimal clinical application."
Probably cardiac transplantation should not be performed
unless the tissue match of donor and recipient is good, since
it is clear that present immunosuppression can cope only with
a mild rejection process. How can a good tissue match be
achieved with the present shortage of donors and the difficulty
of maintaining a patient dying of heart disease ? These prob-
lems may be resolved in the future. Perhaps better methods
of immunosuppression will change the pattern of rejection
even when the tissue match is poor. For the present it would
seem justifiable to proceed cautiously with clinical cardiac
transplantation in carefully selected recipients when a closely
compatible donor heart can be used.

0 . . and Artificial Hearts
Interest in the development of artificial hearts has been
virtually confined to the United States. Research there has
been along two lines-replacement of the entire heart' 2 and
assistance to the left ventricle only.' 4 A device to help the
left ventricle can be used only for the relief of temporary
left ventricular failure, such as may accompany acute myo-
cardial shock or states of low cardiac-output after open heart
surgery. In chronic heart failure the function of the right
ventricle is depressed as well as that of the left, and any
assistance to the left ventricle alone leads to overloading of
the right side of the heart. C. W. Lillehei and colleagues
have shown that the artificial heart has to take the whole load
of the circulation or it will remain ineffective.' Attention is
therefore now being centred on complete replacement of the
heart with an artificial device.
The problems to be solved before the artificial heart

becomes a practical long-term proposition include the
development of a source of energy which is reliable and
portable. Artificial materials must be used which are inert

and do not change their characteristics after implantation
in the body. The device must be able to cope with the
body's changing physiological requirements. And means
must be found of preventing haemolysis and thrombosis on
the artificial material that is in contact with the blood.
The sources of energy that have been tried for driving an

artificial heart include electricity and compressed air or
liquid. Compressed air is at present the most favoured. In
future nuclear energy may become a practical proposition;
so may electrical energy produced by the deformation by
ribs or diaphragm of piezo-electric crystals, a method that
uses the biological energy already available inside the body.6
Silastic and natural rubber are today the most popular arti-
ficial materials. They are biologically inert, do not change
their characteristics when implanted in the body, and can
withstand prolonged pumping in vitro for up to four years.
The ability of artificial hearts to cope with increases in venous
return is still somewhat limited, but progress is being made
in this direction. Haemolysis produced by these pumps is
already well within the range that can be taken care of by
the body's reticulo-endothelial system. Research into the
production of nonthrombogenic surfaces such as G.B.H.
(graphite benzalkonium heparin) is developing rapidly, and
it has proved possible to bind heparin on to the surface of
Silastic.7

Basically the artificial heart of today consists of two collap-
sible sacs made of natural or synthetic rubber, guarded by
inflow and outflow valves and contained in an outer rigid
housing. The inner collapsible chamber houses the blood
and ejects it into the circulation when compressed air or
liquid is pumped into the space between it and the rigid outer
housing.

Electronic mechanisms convert compressed air from a main
source into a flow pulsating at predetermined rates. It has
been found that a rate of 80 per minute, with two-thirds of
the time devoted to diastole, produces optimum function in
the artificial heart,' and the pressure delivered is varied by
a computer in order to relate it to the atrial pressures.
Devices in the driving mechanisms give rounded wave forms
to the compressed air, because these have been found to
produce a physiological arterial pulsation.

Calves have been kept alive and apparently normal for up
to 50 hours after excision of their own hearts and replacement
by an artificial heart.8 Recently an air-driven artificial heart
was used by D. A. Cooley to keep a patient alive for 65
hours while awaiting a suitable transplant donor in Houston,
Texas. This patient had undergone open heart surgery, after
which the heart had failed to resume its function. Until these
devices are developed further and are more reliable, this may
well remain the only indication for the clinical use of artificial
hearts.
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