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SECTICH |
HISTORICAL BACKARGUND

During the late 1950's, several men in the United States embarked uson
efforts to develoo artificial hearts. Among these were Dr. Willem Kolff,
pr. H. B. Shumacker, Dr. Adrian Kantrowitz, and Dr. liichael E. DeBakey.
The initial effort was to provide specific components of such devices

rather than to support the undertaking as a whole.

In 1963, largely at the suggestion of Dr. DeBakey, the Advisory Council
of the National Heart Institute expressed an interest in devices to

give circulatory assistance and in artificial hearts. The Director of
the NIH, Dr. James Shannon, asked Dr. Ralph Knutti, Director of the
National Heart Institute, to appoint an advisory group on the mechanical
heart. This group met on February 21, 1964, and consisted of the follow-
ing men: E. C. Andrus, M.D.; M. E. DeBakey, M.D.; Ben Eiseman, M.D.;
Willem J. Kolff, M.D.; John R. Beam, M.D., Associate Director for

Program Planning and Scientific information, NHI; Robert L. Bowman, M.D.,
Laboratory of Technical Development, NHI, Intramural; Euaene Bfaunwald,
M.D., Chief, Cardiology Branch, NHI, Intramural; Joseph M. Gilbert, M.D.,
Deputy Chief, gurgery Branch, NHI, Intramural; C. William Hall, M.D.,
NH1; Philip Janus, Program Planning Officer, Nle Ralph Knutti, M.D.,
Director, MHI; and James M. Stengle, M.D., Office of Proaram Planning

and Evatuation. NHI, Extramurai. After extended study, the group
recommended encouragement of work in this area, including the making of
contracts with industrial groups and the assignment of staff and con-

sultants as necessary.

initially, Dr. Beam was inlcharge of this staff. When he departed in
1965, Dr. Frank Hastings, who had joined the staff the preceding vear,
was _placed in charge of the Artificial Heart Program. Dr. Frank Hastinas
died in March 1971. Dr. Lowell Harmison was Acting Chief of the Branch. -
From that time until March 6, 1972, when Dr. Dennis was placed in charge,

serving in this capacity from March 6, 1972 until August 10 of 1973.



In 1665, contracts were let to six contractors jointly by the Hil

the AEC to exvlore the feasibility of an artificial heart from an
enqineering point of view, and in 1965 an additional contractor w=

chosen, Hittman Associates, to intearate the reports of the initi::

six contractors.} The result was a study which became évailable icte

in .196€, indicating that an implantable artificial heart was feasible,

and predicting that totally implantable hcarts could be ready for trial

in animals in 1968 and in man in 1970 provided sufficient funds and effort

were to be epplied.

This'report was made the basis of/the Artificial Heart Program, later
broadened to become the Medical Devices Applications Branch, and in 1872,
upon the acquisition of Bureau status by the National Heart and Lung
Institute, re-named the Division of Technological Applications. The
Division of Technological Applications was dissolved in August of 1973,
primarily as a result of financial difficﬁlties resulting from executive
impoundment of funds and as a result of the imposition of a personnel
ceiling which precluded acquisition of appropriate staff to run such a
program. Since that time, the management of the program has resided in
the cardiovascular Devices Branch‘of the Division of Heart and Vascular

Diseases, and in the Division of Blood and Blood Resources.

SECTION 1!
THE MAGNITUDE OF THE NEED FOR AN ARTIFICIAL HEART
A. The Artificial Heart

The rash of cardiac transplantations of 1968 led to the establishment of

a special task force to review the matter of cardiac replacement from
all angles. The need for cardiac replacement was analyzed in great
detail. The estimate was made from accummulated figures that the
availability of hearts for transplantation would not exceed 22,000 in
the United States per year. If the assumption is made that emergency
circulatory support equipment has been developed and generally available
and if oné,limits the consideration to patients under 65 who come into

the hospitals at least an hour before demise and who have no other medical



contraindicaticns to cardiac transnlantation or renliacement, the demand
was estimated to be at a maximum 32,000 ver year. It was clear, there-
fore, that the suonly of hearts for transnlantation is not adeauzte to

the needs of even this restricted fraction of patients dyina of heart
disease. The reader is referred to the report of 1969 on cardiac replace-

ment for further details of the study.” (Attachment #1)

If one re-reviews the dzta presented in the report of 1969 on cardiac
replacement in the 1ight of the present widespread availability of devices
for giving circulatory support over hours or even days in preparaticn

for transplantation, the demands for cardiac replacement are larger than
estimated in 1969. In the earlier estimation, patients in hospital more
than one hour in whom sudden or rapid death was unexpected were excluded
from consideration. Similarly, those who died with a history of prior
severe heart disease within an hour after admission to hospital were
excluded. If one takes into consideration the excellence and general
availability of resuscitative devices and of devices for support of the
circulation not available in 1969, but available today, of the 25 such
patients in the combined Framingham and Tecumseh experience it could be
projected that 60% or 15 patients might be salvaged. Furthermore, the
widespread availability in emergency rooms of equipment to deal with
cardiac emergencies combined with emerging studies such as that at

Baylor University in which efforts are being made to expedite arrival

of resuscitative equipment at the locus of the victim, might well justify
the supposition that instead of the salvage of but one of seventeen
patients who die outside the hospital more than an hour after onset in
the study of 1969 might today be a salvage of six patients. If these
extra five patients are added to the fifteen patients estimated above

who might now be salvaged who had died in the hospital, thé total number
of potential candidates for cardiac replacement in the 103 gotal coronary
heart deaths of the 1969 study would be 50 patients or 27% of the entire
population in the combined experience. If this number were multiplied by
the nationwide estimate of 150,701 deaths under age 65 from coronary
disease in the United States in 1967, the high estimate of candidates for
cardiac replacement would be not the earlier figure of 26,027 but the

figure of 43,337 annually.



B. Mechanical Circulatorv fssist=ance

An entirelv diffarent chaoter is the matter of the need for devices to
give circulatory assistance. The pioncer work of Summers3 in demonstrating
the feasibility of performance of coronary arterioarams on patients in
ca(diogcnic shock with support by the intracrtic balloon technique

openéd up an immense field for such invesigation and was followed by

the work of Buckley, Austen, and associates at the Massachusetts General
Hospital.q The need for more effective means of circulatory support than
the intrzortic balloon has led several groups to embark upon venoarterial
pumping with oxygenation with refined types of eauipment. The likelihood
exists that such techniques may be used 6n a very substantial fraction

of the more than half-million American citizens who die of arterio-
sclerotic heart disease, including coronary arterial disease, each year.
While it is possible that utilization of such devices and demonstration
by coronary arteriography of the feasibility of aorto-coronary bypass
might very well reduce the candidates for cardiac replacement, nonethe-
less the fact that about two-thirds of these patients will be foung to
have coronary arteriograms inconsistent with aorto-coronary bypass, and
these patients then will be in the position of being under mechanical
support with no choice in the long run except either to maintain this
mechanical support indefinitely or to embark upon cardiac.replacement.
The likelihood therefore is that the numbers of candidates both for

replacement and for prolonged support will be immensely increased.

Appliéations such as support over several days for patients whose hearts
fail to recover exneditiously after otherwise successful open-heart
operations are likely to focus the attention of the profession upon the
possibiiities of prolonged circulatory assistance, but will not in all
probability prove to be numerically comparable to applications for

coronary arterial disease.



SECTIOM 111
SCIENTIFIC PROGLEMS FACED IH 1866

-
v ot
M

fs summarized in the Report on Cardiac Replacement of_l9692, the major

problems faced by the developmental program were essentially as follows.

A. Materials to contact blood egnd other ticsucs

This was recognized as the largect of the obstacles and the one recuiring
the grcatest amount of basic research, for the technical knowledge and
scientific data were simply not in hand. It was recognized in the 1969
report that the surfaces in contact with the blood stream must have no
deleterious effects on the formed elements of blood or on substances in
solution in the plasma. The problems were recognized as complex and
rendered even more complex by uncertainties as to the purity-of the
available materials, not uncommonly hidden behind a shield of commercial
proprictary interest. A great deal of the work was concerned with the
clotting mechanism per se which was and even now is not well enough
understood to be dealt with '+ this connéction. A problem which is a
serious one and which was n- - ddressed in the 1969 report is that of

the effect of the tissues ur- . the synthetic materials employed.

B. Power Scources

The second major problem in the view of the reviewers of }969 was that
of appropriate power sources. It was recognized that.a totally implant-
able power source would be a very satisfactory solution if it could be
accomplished. Toward this end the utilization of plutonium 238 as a
source of energy for a thermal engine and the use of biological fuel
cells were thought to offer great promise. Thermal engines continue

to offer promise, while the feasibility of sufficient power from fuel

cells has not been demonstrated.

The provision of power from outside the body was recognized from the
beginning as highly disadvantageous because it necessarily requires
anchorage of the subject to an external device and because of the diffi-

culties of transmission of power into the body. The utilization of



percutaneous cables for either hvdraulic, pneumatic, or electrical nowar

~ 9

was known to be fravoht with ¢ nrohibitive rate of invasion of infection

alona those conduits.

C. Pumes

Blood pumps were then considered to be third in the order of iroartance
among the scientific problems, but the magnitude of the problem had not

beern initially appreciated.

D. Bioloaical Problems

The physiological, hematologic, and biomaterials problems were recognized

but were so underestimated as to have proven a major factor in causing

the program to lag behind the expectations of the Hittman Repa?t].



SECTION 1V

THE CHOSEN PATTERN OF MANAGEMENT

The chosen pattern of manacement is nicely reviewed in the Hittman Renart‘,
and ;he 1969 Task Ferce Report2 states '"The Hational Heart Institute, undzsr
the Directorship of Dr. Knutti, adonted a systems analysis approach in 19%5
in order to direct and coordinate the Artificial Heart Pronran. This anproach
was intended to make feasible the mobilization of resources of industry,‘
medicine, basic science, engincerina and systems manzaement, as needed,

to implemznt any particular aspect of the developing proaram. After
consultation with members of NASA, Air Force Strategic Command, the
Department of Defense, and others within the National institutes of Health,
an Artificial Heart Program, based largely on contractual relationship

with outside institutions and agencies, was created to define goals and

' There continued to be support of

to coordinate research activities.'
efforts through the regular granting mechanisms of the National Heart

Institute.

in the Artificial Heart Program proper, a small professional staff with
three engineers, one surgeon, and several additional physicians undertook
to be responsible not only for planning, organizing, and managing the
program, but also for monitoring more than 100 ongoing contracts (by 1960).
it was also responsible for issuing requests and reviewing proposals for
new contracts and concurrentlf trying to manage a wide variety of other

analytical and administrative responsibilities.

An advisory committee was created, and in addition the program convened

ad hoc technological advisory groups as needed.

Until April 1969, the Artificial Heart Program focused on the separate
development of each of the components of the artificial heart rather

than on a composite device. In April, 1969, direction shifted somewhat

in that a concerted effort was begun to combine the devices and technigues
which had been developed under the Program in order to create a complete
fully implantable device for cardiac assistance to be used in animals.

The thesis was that through the use of this first-generation model a

realistic data base could be obtained for the development of subsequent



g

models; many prevalent theoretical concents concerninn desian cauld be nut
to pracfical tests; meaninaful Timits for time and cost of develoning the
total prosthetic device could be obtained; and the important problem of ra-

Iating individual components to each other could be given impetus.

In.addition to the contractual support, several proaram oroject arants

were made by components of the National Heart and Lung Institute apart

from the Artificial Heart Program. fhese are not considered in the present
report. The annual funding by the grant mechanism is estimated to be
$1,272,462 for both work on the artificial heart and on circulatory

assistancce.

Footnote:

Parallel with the program in the National Heart and Lung lInstitute, a
program has been in progress under the auspices of the Atomic Energy
Commission, directed by Dr. William E. Mott. While the NHLI program has
developed two types of nuclear powered Stirling enaines and one tidal
regenerator engine and is currently working upon a fotary powered generator
with thermal power source, the Atomic Energy Commission has concentrated
uponva standara pattern of Stirling engine with a Scotch yoke type of
crankshaft, a fly wheel, and mechanical delivery‘of power from the engine
to the actuator of the pump. All of these devices have worked satis-
factorily dbring bench tests. Those in the NHLI's program have been
implanted into animals, and calves have gone as long as 111 hours with
left ventricular support pumps running upon nuclear thermal energy. In
the Atomic Energy Commission's program, bench testing is highly satis-
factory, and it is anticipated that, if the program were to continue,
successful bovine implantafion would take placé within the next eight

months.

Since the spring of f972, close relations have again been established
between NHL! and AEC to assure a free interchange of information and

thus to accelerate progress.



THE COSTS WillCH HAVE DEEH LIICURRED AND OBLIGATED

~ Brezk down of the costs according to catergories is a bit difficult
beczuse computer retrieval concerning'cohtracts no longer in force is
under a somewhat different classification from that in use at the present
time. Table | indicates the numbers of contractors, the categories into
which they fall, and the costs for contracts no longer in force or which
have been moved to the Division of Blood Diseases and Blood Resources.
For these latter, Table | includes costs only up until the transfer to

the Division of Blood Diseases and Blood Resources.

The program plan of the Cardiovascular Devices Branch of the Division of
heart and Vascular Diseases of June 1, 1974 summarizes the costs of the
entire program as far as contracts currently in force are concerned.

These data are presented in Table II.*

For these particular contracts the total expenditure to the end of
fiscal year 1975 (including the item on Test and Evaluation Facilities
committed to 1980) is $57,256,509. This, combined with the sum of the
figures in the preceding table amounts to a total, expenditure bygone,
present and legally committed of $80,309,365. It should be noted that
this figure does not include artificial heart work supported by the

National Heart Institute before the launching of the Artificial Heart.

% The use of this updated plan of the Cardiovascular Devices Branch is
preferable to use of the updated Five Year Plan in the First Annual
Report of the Director of NHLI, for the latter (page 50) is confusing
and duplicative. Furthermore the back and projected costs have been
calculated on the basis of the updated plan of CDB by that B;anch as

reorganized and portrayed in Table Il.



The Costs of Contraczts in the Artificial Heart Proaram which are no
loncer in force or which hava bezen roved to the Blood Division an”

o ol
X

continued*

Categery Humber of | ‘ Cost
Contracts
Devices for circulatory assistance 39 $11,4h93,467
Artificial heart 3 855,009
Biomaterials, research and ‘
deve lopment 52 7,016,331
Biomaterials, evaluation 6 2,087,758
Auxiliary devices 2 518,933
Technical Studies | 1 19,852
Bioinstrumentation related to AH 6 1,061,506
TOTAL $23,052,856

* Data presented on this and the following table do not include:

1. Work funded by grants

2. Work contracted before FY 1968

3. The six original contracts on feasibility (1966)

L, The Hittman synthesis of those six contracts (1966) ‘

5. Contracts on oxygenators or respiratory diagnostic or measuring devices

6. Contracts on instrumentation unless specifically as components of
circulatory assist devices or artificial hearts

7. Contracts on biomaterials not directly related to the artiffcial heart

*% On the contracts transferred to the Blood Division, the costs listed
here are only those prior to that transfer. Subsequent costs for those

contracts are listed in Table 1.



TABLE 11
COSTS OF CONTRACTS CURRENTLY IN FORCE FROM THE START THROUGH FY 157

_ Category Cummulative FY 1974 Projected Committed Total Mo. cf
c Costs ™ Costs* FY 1975 Beyond Costs Contracts

To FY 1974 Costs 1975%%
Blood pumps $ 4,325,284 $ 1,377,397 $ 1,870,000 - $ 7,572,681 8
Pcower sources, nuclear 8,707,820 2,613,209 2,750,000 = 14,071,029 5 (1 tern.
Powier sources, electric 2,502,560 732,795 1,300,000 - 4,535,355 L
Transcutaneous delivery of : _

power & power source 1,347,389 157,355 0 - . 1,504,744 1 (tarm.)
Applied biomaterials - 1,462,797 402,393 540,000 - 2,405,190 4 '
Basic bicmaterials#¥* Fodedd 2,561,962 2,710,252 - 5,272,214 31
Test & Evaluation ’

Facilities . 10,981,897 1,359,783 450,000 3,920,000 @ 16,201,630 2 (2 tern,
Arteriosclerctic pigs 226,579 "~ 48,290 6,000 0 280,869 1 (tarm.)
Fabrication contracts 2,189,390 663,090 900,000 - ' 3,752,480 2
Thermal dissipation ' 758,261 - 182,005 120,000 - 1,040,254 1 (ters.)

TOTAL $57,2556,509

————— s —

*Data frem Program Summary of Cardiovascular Devices Branch of Division of Heart and Vascular Discases,

June 1, 1974, of contracts active in FY 1974 and review of Annual Reports of old Division of Technolcaical
Applicaticns from July 1, 1967 to FY 197k, checking amounts wherz feasible by computer throuch the courtesy
of the Reports and Evaluation Branch of the Division of Extramural Affairs.

%%Includes only those legally committed. The second years of thz 2-year contracts approved in FY 1975 are
not listed because thay can be terminated at the pleasure of the government and the support for the s2iond
year has not yet been appropriated.

**“Monitored in the Division of Blood Diseases and Blood Resources.

*%%%Sze preceding table for total data on biomaterials from 1967 until transfer of all but Four cuntrar:s
to the Divisicn of Blood Diseases and Blood Resources late in 1273 (fct & HNov) '

8Committed rental and upkeep for balance of 10-year contract on cne facility (to 19%0)



it include the seventh contracter (Hittman Associates) breousht in to
synthesize the reports of tha first six, nor docs it include the cost of

the ad hor task force on cardinc replacement in October of 1949, nor does

it include the costs of the Artificial Heart Assessment Panel of 1873, nor
does it include work supported ty grants. Finally, there wers szm2 contracts
coricerning which it eppeared impossihle to retrieve the data from early in

the proaram.

The figure of $80,309,355 therefore represents a minimal figqure.=*

It should be stressed that not everything which was included in the
initial Artificial Heart Program, in the Medical Devices Applications
Branch, and in the Division of Technologiﬁal Applications has been
included in this figure. Specifically, all work on pulmonary monitoring
and diagnosis and all work on instrumentation not clearly directly
related to the instrumentation needed for success of an artifiicial

heart have been eliminated from the calculations of total cost. (See Table 1I).

#The 1973 Fact Book of NHLI lists costs from inception of $70,227,000. This,

however, includes items specifically omitted in the present report.
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SECTINN VY

THE SCIENTIFIC STATUS TODAY

. The present status of the scientific development in the Artificial Heart
Program can hardly be extensively reviewed in a reoort such as this, if
for no othzr resson than that the author has expertise only in certain
areas of thec overall progrem. The present status therefore will be for

the most part descrintive rather than intricately critical.

A. implantable pumps for blcood

Table 111 shows the presént status of work on pumps for blood both in and
out of the contractual program on artificial heart of NHLI. It is note-
worthy that only one of this list of groups has thoroughly studied the
patterns of blood flow within pumping chambers, and this particular estab-
lishment carried out these studies before being contractually tied to

the Artificial Heart Program. It is also noteworthy that only two groups
have done meticulous studies as to the size, shape, fit, and weight of

the artificial heart, and both of these groups were working quite indepen-
dently of the organized Artificial Heart Program. 0f those five which
have done a fair amount of work, but somewhat less than contractors Mo.l
and No. 3 in Table 111, contract No. 2 ic being quided by Dr. Sylvain
Pitzele in the office, contractors No. 5 and No. 13 are also supported

by the AEC; contract No. 8 did these studies in advance of support by

the Artificial Heart Program, and only contractor No. 7 within the Program
carried out these studies under that support. It is ironic that this con-

tractor, No. 7, has lost his support from the Artificial Heart Program.

It is also clear from Table [ll that thus far it is only those pumps with
pneumatic drive which appear to have been reasonably satisfactory from

the point of view of physiological performance.

One contractor has replated the ventricles of a calf with man-made ven-
tricles and achieved survival for 95 days(S). The lethal factors are not
well understood, but advance of infection from outside the body along the

percutaneous leads is an important factor. Efforts are being made to



TABLE 111

PUMPS UNDER DEVELOPMENT IN AND OUT OF THE CONTRACTUAL PROGRAM
ON ARTIFICIAL HEART OF NHLI

Actuator

Contractor Type of pump Rheology Blood Size and Quality Phvsiclogic
well interface fit well of pzrformance
studied studied controls
(1) Sac-type Mechan + Smooth ++++ Yot yet Unproven
: silastic
2 Axisymmetric Hydraul " Smooth % Not yet +
(3) Sac type . Pneumatic + Pseudo~ +++ 44 +
intima
(8) -~ Sac type Pneumatic 0 Smooth ++ ++ i
5 Sac type Pneumatic Smooth +++ + +4+
) Rotary Electro- ++ Smooth + Not yet ?
magnetic
7 Sac type Pneumatic ? Smooth +++ +++ ++++
8 Sac type Pneumatic ¥k Smooth +++ + 4+
9 Pusher plate Hydraulic 0 ? ++ Unprovan
10 Axisymmetric Pneumatic + Pseudo- + . At
intima '
11 Pusher plate Hydraulic 0 Pseudo- 0 +7 +
. intima
12 Axisymmetric Pneumatic 0 Pseudo- + + +
: R intima
‘13 Sac type Pneumatic + Smooth 4 + s

% Arranged by Dr. Pitze
%% Penn., State's rheologic studies were per
part by grants from NHL!.
) Indicates work not funded by the contractual program on
.= AEC; 2.= Andros; 3.= Baylor Univ.
.= Univ. of Miss.; B.= Penn.State; 9
3.= Univ. of Utah.

(
1
7
1

le of the Program Office.
formed before the start of support by the Prograom,

the Artificial Heart

; 4= U. of Cal, S.F.; 5.= Cleveland Clin.; ,
_=TECNA-Mini=-H-TAH; 10.= TECO-CHMC; 11.= TECO-H=Tah; 12.= TECO-Tiil1

supported in

.= Univ. of Hinn.;



TABLE 1V

POWER CONVERTERS

Contractor# Proposed Type of Efficiency Status Cost Thru
Source of Converter FY 75
Power c
1 pu238 Stirling - 19% Active $3,823,400
2 Pu238 Stirling 8.9% Term '71 249,000
3 py238 Stirling ? Term.'73 1,150,000
L Elect. Solenoid 60% Active 1,687,000
5 pu238 stirling 19% Active 3,993,000
6 Elect. Piezo-el. 7 Active 869,000
*7 Elect. Rotary-el. ? Term.'74 1,505,000
8 Elect. Rotary-el. ? - Active 1,863,000
9 - Pu238  Tidal regenerator 113 Active 4,272,000
10 Pu238 Rotary Rankine ? Active 797,000
1 Elect. Electrolytic ? Term.'7h 117,000

generator H2

%This initially concerned only transmission of power through the skin

%*%] = Aerojet; 2 = Airproducts & Chem.; 3 = Arco'Nuclear; ‘b = Andros;
5 - McDonnell-Douglas; 6 = Physics int'l; 7 = Stanford Res. lInst.;
8 = C

Statham; 9 = TECO; 10 = TRW; il = Tyco,Labs.
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discect the problem

E. Power Sources

1. Power Converters

The Artificial Heart Proaram has supported six contracts with an eve to
utilizina the thermal eneray of deseneration of piutonium 238, It has

in addition supported five electrically driven converters. The tvypes of
converters, the efficiency of the various devices, and the costs are
indicated in Table IV. Further discussion on the relative merits of the
thermal engines appears in Section VIl, Subsection A.

2. Deliverv of Electrical Power to the Implanted Device

As far as the electrical drives are concerned, there .is currently a
rather unsettled state of affairs in that the patterns by which electri-
cal power can be delivered into the body appear not to have been satis-
factorily resolved. For a time the electro-magnetic transfer of power
through the intact skin in the hands of contractor No. 7 above appeared
to be very satisfactory. Long-term trials of this technique proved
however to be fraught with difficulties, and- this pattern has been
abandoned. An_eérlier effort by a different contractor was terminated
in 1969. Yet another aspirant for support with twelve yeérs experience
and rather singular success failed to achieve fu%ding from NHLI (The
request was made through the grant mechanism). This matter is further

discussed in Section VI, Subsection A.

The other pattern of delivery of power to a subcutaneous position lies

in the development of percutaneous conduits of such nature that infection
from outside the body cannot extend along those conduits to contaminate
the area of the device, a éatastrophic complication. An earlier contrac-
tor appeared to be gaining success, but the contract unfortunately was
terminated. One contractor (TECNA) at the present time appears to have
been successful, at least in small animals. Several workers outside the
Program appear to have made devices for this purpose which are satisfac-

tory. This matter is discussed also in Section VI, Subsection A.
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3. Thermal Dicsination

Another intearal comnonent of the probiem is that of dissipation of that
nortion of introduced power as heat which is hot successfully cenverted
to the pumoing of blood. The maanitude of the need for dissipation is
of course groatest in the thermal enaines. The problem of this dissi-
pation anpearcd to have been resolved by one contractor, although it
involved the necessity of placine a heat exchenger in continuity in the
descending aorta, an added suraical manuever wiaich it appeared advisable
to avoid. The problem of dissipation of heat continues. This matter

likewise is further discussed in Section VI, Subsection A.

C. Biomaterials

When the Division of Technological Applications was disbanded in the
summer of 1973, four contracts'concerning biomaterials remained with the
rest of the Artificial Heart Program and were transferred to the Cardio-
vas;ular Devices Branch of the Division of Heart and Vascular Diseases.
The remainder of the contracts were transferred to the Division of Blcod
Diseases and the Blood Resources. There are now in that Division thirty
contracts and three reimbursable agreements. Twenty-eight of those con-
tracts and the three reimbursablé agreements are directly concerned with
the program on the artificial heart. The four contracts in the Division
of Heart and Vascular Diseases are concerned with the psgudointima, three
of them with development of the most effective microfiber surfaces for the
attachment of intimal cells in culture and the fourth one in the culture

process proper.

Table V shows the distribution of effort among those twenty-eight contracts
and three reimbursable agreements concerned with the Artificial Heart

Program in the Division of Blood Diseases and Blood Resources.

In all of this, the major problem revolves around the interaction between
synthetic materials and tissues, including blocod. To the present time, the
only surface which appears to be tolerated by the blood is the rigid pyro-

lytic carbon developed at Gulf Atomic. This requires a rigid substrate to
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" %There are also four studies on pseudointima under contract in the
Cardiovascular Devices Branch



avoid zrackina. All flexible surfaces thus far appear to be productive of
microesonli or, in the case of microfiber bases for pseudointima, produc-
tive of layers of tissus which are not consistently thin enotgh to permit

proper nutrition from the moving blood.

A further aspect of the interrelations between tissues and synthetic
materials is thc tendency toward fibrous encapsulation of surfaces which
provide compliance for adjustment to variations in diastolic filling of

synthetic ventricles such that that compliance is presently larcely lost

There are promising developments under investigation. One of these is
concerned with initial apparent success in deposition of carbon on
flexible synthetic material in such fashion as both to lead to thrombo-
resistance and to facilitate the arowth on that surface of pseudointima.
Another is concerned with the various hydrogels. These substances have
|nsuff|c1ent inherent strength, but there is considerable promise in
maklng coatings of hydrogel upon synthetic substrates and making 1nter—

lacing networks of hydrogel and other flexible materials.

Perhaps one of the.most predictably useful undertakings is that of the Jet
Propulsion Lab, which has set up a program of detailed characterization of
the products of other contractors with a'carefulfy consideration evaluation
of the behavior to be expected in the tissues upon implantation.

D. Test and Evaluation Facilities

The two Test and Evaluatlon Facnlltles were established in 1069 and 1970
respectively at a time when it was anticipated many devnces would become
available for evaluation by impartial scientists. The flow of new devices
for evaluation was much less than anticipated, and the cost of operating
the T ¢ E Facilities did not therefore seem justifiable. Both have been
phased out of the Artificial Heart Program, although one of them is doing

some work on contract for the Program.

%



E Lrtaric-rleorncis fn Mini-rinc

-

This contract was initiated in fiscal vear 1949. The contracter is able
to produce arteriosclerosis in mini-pigs, and this was used as a basis
for acoustic identification of abnormalities of flow which it was thouaht
might be valuable in monitoring artificial heart devices. This is being
rhased out.

s

F. Fabrication

There are two contracts for fabrication of devices aiready developed

and for the use of other contractors. Both of these continue busily.
G. Radiation

For purposes of completeness it is well to present the present status of
the understanding of the effects of radiation upon the subject and those
about him. The conclusions of a study by the AEC were presented at a
joint review of the plutonium-powered artificial heart between AEC and
NHLI on April 23,'1973(6)(7). This material is currently being prepared

for publication. The data are presented in Table VI.

In the studies on the effects of radiation-equivalent sources upon
implantation into experimental animals, one dog has now developed multi-
Fentric alveolar carcinoma of the lungs at the end of six years of such
radiation. It is difficult to evaluate the import of this observation,
for this is a common type of neoplasm in the dog, and the radiation has

played a role which is not at all clear(8)5
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RADIATION DOSES 1l REM/YEAR

Maximdm annual safe exposure...... T R R R ceesen
Whole body dose of recipient of nuclear artificial heart..ceoeve- 55.
Dose to spouse of recipient - separate P R R 0.

- came badiieeciaaens ceecevans PR 9.

NO\IOU‘I

Dose to other members of the familysseesroevoenaneneeees Cesasaesas 0.
Average dose to each member of the general population estimated

for the year 2000 and estimated 188,000 implants...... ;..........0.0008
Average annual dose to the U. S. population today.eoesoo ..........0.182
Namber of defective children, estimated to be born in the

year DT T SRR +v...2500-5000
Number induced by 188,000 nuclear artificial hearts...... veeees:25-70
_All Cancers in the year 2000 - spontaneous among 188,000 recipients.

ahd those about them - recipients..................................300

- SPOUSES..eesonssersocrmeerrrestts R ..200

- family of recipient....ceeee ................230

- general population.....c.ee. .............h35,000

Induced cancers - recipients..........:.....}........................?
- spouses...................:;....L.............IS-ZOO

- family of recipients...... .........................5

general population................:...............hO









































































































