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The National Heart, Lung, and Blood Institute estimates that
17 000 to 35 000 patients each year in the United States are
candidates for long term mechanical circulatory support-
"an artificial heart."' Although cardiac transplantation is now
an established treatment for end stage heart disease,2 there
remains a serious and probably permanent shortage of donor
organs. Only 1500-2000 hearts are potentially available each
year in the United States, and one study has estimated that as
few as 400-1 100 are ultimately suitable for transplantation.3
Theprogramme to develop an artificial heart was established

by the National Institutes of Health in 1964. It aims at
developing a broad range of devices for short term circulatory
and long term ventricular assistance as well as a total artificial
heart.4 So far over $200 million has been spent.' Originally,
the programme concentrated on developing pneumatically
driven devices for short term use, but in 1973 it came to
concentrate on a pneumatically driven left ventricular assist
device that was totally implantable. In 1974 the focus was
further narrowed to a totally implantable left ventricular assist
device that was electrically powered because it was thought
that pneumatically powered devices would not provide a
suitable quality of life for long term use.

Since early last year the National Institutes of Health have
been publicly debating whether to continue funding the
development of total artificial hearts while opting to continue
support for developing implantable left ventricular assist
systems for long term use.5 This action coincided with the
report of DeVries on using the Jarvik 7 pneumatic total
artificial heart as a long term implant in four patients.6 The
report defined the serious problems of thromboembolism and
infection that have cast a dark shadow on the avaifable
pneumatic heart. These complications seem to be related to
the design of the Jarvik 7 total artificial heart and have also
been observed during short term use of the device. It does
not look as if these problems will be readily solved.
Another reason for developing an implantable left

ventricular assist device or total artificial heart is to provide a
mechanical bridge before cardiac transplantation-to allow a
suitable donor organ to be found. But because donor organs
are in such short supply this work may be justified only to
evaluate potential permanently implantable devices.
The Jarvik 7 total artificial heart has been used in 92

patients as a potential bridge before transplantation: 63
received new donor hearts and 35 survived, giving an overall

survival of 38% and a survival after transplantation of 56%."
This compares with an overall survival of 66% and a survival
after transplantation of 82% in a series of similar patients
given the Thoratec extracorporeal heterotopic ventricular
assist device.'2 Infection is a serious and at times lethal
complication of implanting a total artificial heart.7 10 Addi-
tionally, thrombi have often been identified within the total
artificial heart device at necropsy or when the device is
removed.89 Prolonged, although temporary, use of the total
artificial heart provides time for thromboembolic events to
increase and infection to become established.'0 The reported
experience with a heterotopic ventricular assist device shows a
low incidence of morbidity related to the device. Using these
devices as a bridge before transplantation has not been
associated with major infection related to percutaneous
cannulas- indeed, the rate has been comparable with that of
routine heart transplantation,'3 and the incidence of thrombo-
embolism has been low. '"
The use of the pneumatic total artificial heart to date has

strengthened the conviction that better implantable left
ventricular assist pumps may be developed and has amplified
the developmental effort. For a permanent left heart assist
system to become a reality several problems must be
addressed: long term durability, reliability, biocompatibility,
the capacity for assuming the entire cardiac output, and
responsiveness to various physiological demands. The left
ventricular assist systems being developed are powered by
implantable compact electric motors rather than by external
pneumatic consoles and so do not need the percutaneous
pneumatic power line. Electrical energy is transmitted across
the intact skin with inductive coupling, which reduces the
risk of infection. The bulky external power unit required for
pneumatic hearts is replaced with a portable battery or
domestic energy supply, enhancing the comfort and mobility
of the patient."

Although smooth surfaces in blood pumps have been
promoted to reduce thromboembolic events,'6 a microscopic-
ally smooth surface is extremely difficult to make. Even minor
surface imperfections may serve as the nidus for thrombus
accumulation, and seams and junctions have presented a
greater problem. An alternative approach for controlling
thromboembolic events is to use textured biomaterials for
surfaces in contact with blood."' Surfaces created from either
integrally textured polyurethane or sintered titanium micro-
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spheres are designed to encourage the formation and adherence
ofa neointimal biological lining. The neointima then functions
as the permanent biocompatible surface.'8 For long term
implantation this biological lining may be further manipul-
ated. 9

Implantable left ventricular assist systems with an external
power cable are used now as bridging devices before trans-
plantation.20 For permanent implantation the electronic con-
troller will be implanted in the patient together with the
device and the drive unit.

Extensive long term reliability tests of these complete
systems are being conducted together with studies of implant-
ation in animals. Four American companies are evaluating the
various models.5 The first implant of a fully implantable
permanent ventricular assist system is planned within the
next two years.
The cost of developing and using these permanent implant-

able mechanical devices should be compared with the cost of
maintaining patients with end stage heart failure-over $11
billion yearly in the United States.2' It has been estimated that
30000 implantable systems would cost $3 billion.2' This
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would not all be extra costs as money would be saved on the
medical treatment that would no longer be required. Hard-
ware costs should also fall as demand increases. As these
devices should improve survival rates and the quality of life
this expenditure would be reasonable.
At present pneumatic total artificial hearts should be

used only as bridging devices before transplantation. Total
artificial hearts will eventually be required for patients with
biventri'"lar failure, and electric total artificial hearts being
developed may overcome the disadvantages encountered with
long term use of the pneumatic total artificial heart. In the
mean time, the development of left ventricular assist systems
seems to be a better option for permanent implantation
in recipients who are unacceptable as candidates for trans-
plantation.
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Checking on those who care for children

For somejobs checks must be run for a criminal background

The Department of Health has recently produced a circular
recommending that health authorities should check with the
police for a history of relevant criminal offences before
appointing staff who will have "substantial access to child-
ren." Substantial access means those who care all day for
children who are inpatients-that is, most paediatric nurses.
The recommendations come from a working party appointed
after a children's voluntary worker with a criminal back-
ground had murdered a child. The checks must be supported,
but they will raise substantial difficulties and will not
necessarily prevent child molesters from gaining access to
children through health work. The circular deals with many
practical points:
* Who should be nominated as the "senior nominated
officer" to collect the information? In a district health
authority the obvious possibilities are the senior personnel
officer or a senior member in the occupational health service
* The information should be collected only when a job offer
is being considered-that is, not when an applicant is being
short listed.

* The applicant should be told that such a check is being
made
* The senior nominated officer should treat information
received appropriately and destroy it afterwards
* The police are indemnified against prosecution
* The employing authorities should consider giving some
employers-for instance, agency staff- a letter valid for one
year that shows that a check has been made
* Existing staff should be checked only if they move to a new
position offering substantial access to children or if allegations
are made.
The biggest drawback to this way of protecting children is

time: it may take up to three months for such a check to be
processed. This delay will have serious consequences if staff
are needed urgently. The second problem is that the process
may not be effective. It will protect authorities from looking
foolish in appointing someone who has a previous conviction
for child molesting to work with children. But probably fewer
than 1% of child molesters are charged with offences, many
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