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Artificial Heart History and Present Status
Tetsuzo Akutsu. M.D. Ph.D.
The word "Artificial Heart" appeared first in a
science fiction, "The Devolutionist" wriffen by Flint in
1922. Fuboku Kozakai, M.D., phisiologist also wrote a

artificial heart (TAH) were coincidentally initiated

"Artificial Heart" in Japan in 1926.
Russian doctor Demikhov was the first person who made
a device somewhat like a blood pump.
science fiction

follows: Selection of materials, design of

1957 Salisbury, President of the 3rd Annual
Meeting of American Society for Artificial lnternal

In

Organs presented presidential address
"Implantation

ofphysiological

mammalian organism.

Identification of

entitled,

technique, and clinical trial.

During the first 15 years, development of AH was
mainly the strife with materials. The problem was actually
not merely materials, but design and fabrication were two
other important factors. If there was even a minor defect
in one of them, experiments resulted in a catastrophe by

problems
connected with the implantation of artificial hearts and of
artificial kidneys. Experimental results to date." In his

speech, he suggested the possibility of developing an
artificial blood pump. In the same meeting, McCabe, New
Zealand surgeon, exhibited some parts of an artificial

heart made

of polyvinyl chloride. However,

neither

parts,

fabrication, selection of energy source, its conversion
system, pump actuator, control-drive unit, in vitro test,
animal experiment including development of surgical

into the

machines

each

by Kusserow and Akutsu-Kolff.
Development of AH is not merely that of blood pump
but that of AH as a system, and in the process to the final
goal, clinical use, many factors are involved shown as

thrombus formation, breakage

of the pump and/or

insuffrciency of the output. These three factors are closely
in triniW relation controlling each other.

a

drive system nore experimental data were shown.

In early sumrner after this meeting, experimental
studies of both ventricular assist system (VAS) and total
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Fig. I shows, from the bottom, evolution of AH in
relation to five components of AH and driving energy
source. Having started from the pneumatically-driven
fype (open loop system) to the present stage where the
fifth step from the bottom is now successfully in clinical
use. The sixth step will soon be available. The seventh
step in which electrical energy is transferred through the

In the very first series of TAH experiments reported
by Akutsu and Kolff, one dog survived only 1,5 hours. It
took us 5 years to get the first one-day survival and took 7
more years to prolong the survival time from one day to
two days. In 1970s the results made a rapid stride and
one 388-day survival in calf experiments was reported by

animal

The first clinical use of TAH was reported by Cooley
and Liotta in 1969. They used TAH as a bridge to heart
transplantation. Since the second case was reported by
Cooley and Akutsu in 1991, 12 years after the first case,
TAH bridge use has been tried at major centers in the
world and from 1969 to 1993.191 cases. in which 5 as a
perrnanent use without considering heart transplantation,

intact skin has been proved possible in

experiments.

A VAS reported by Kusserow was a right ventricular
assist system and connected between inferior vena cava
and pulmonary artery. In 1967 Bernhard group reported
LVAS in which inner surface was covered with Dacron

fibrils and the pump was connected between

left
ventricular apex and aorta. The experimental result made
great strides cracking the one-month survival barrier
having reached 133 days.
Series-type LVAS developed by Kantrowitz group
was connected between ascending aorta and descending
aorta. The system developed by Akutsu for clinical use
was used in two patients by Kantrowitz and Akutsu in
I

965.

Bypass-type VAS has been clinically used in 1,279
post cardiotomy patients from 1983 to 19931' LVAS 604,
RVAS 168, and BVAS 507. In addition, 584 bridge-use,
96 post AMI use and 54 other cases have been reported.
Recently two types of electrically-driven implantable
VAS developed by each Thermo Cardiosystems and

Baxter-Novacor are being

in clinical use. One

patient

Pierce group in 1992.

were reported.

Looking at the present situation, complicated, fine and
implantable, but expensive system for permanent use. is
under development on one side. On the other hand,

however,

it would be also necessary to

of the

same material as the pump

is now

under

development. The cost would be about l/10 of the
presently available pump. One sheep has been alive
longer than2 years andT months without infection though
the VAS was exchanged several times with a new one.

survived 502 days.

10

develop

inexpensive systems for temporary or bridge use. It is
certainly a waste in a temporary device to use expensive
heart valves which have originally been developed for l5
to 2l-year long-term use in the natural heart.
In our laboratory VAS with two built-in valves made
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