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SUMMARY AND CONCLUSIONS

Status: Final Environmental Statement

Respansible Federal Agency: United States Nuclear Regulatory Commission, Office of Nuclear
Material Safety and Safeguards

Environmental Projcct Manager:

B. Singer (301-492-7718)

Radicisotopes Licensina Branch

Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission

Washinyton, D.C. 20555

1. Name of Act‘on: Administrative

2. Description of Action: The major Federal action proposed, for which this Envi, ~mental
Statement is prepared, is the authorization for routine use of plutonium-powe mnakers
by appropriately qualified and licensed physicians who, in their medical treaicmen. oi a
pacemaker patient, deem it beneficial to their patient. Nuclear-powered cardiac pacemakers
have been developed that use plutonium (primarily the plutonium-238 isotope)} as a heat
source in a thermoelectric converter battery. The relatively long half-1ife of plutonium-
238 (87.8 years) provides batteries that have the potential to provide pacemaker patients
with Tifetime units. The rou.ine use of any particular ruclear pacemaker model is based
on the requirement that its reliability and safety have been demonstrated.

This Environmental Statement defines the safety and reliability standards that nuclear-powered
pacemakers are required to meet. All aspects of the risks to the patients, to the public, and
to the environment are evaluated for both the routine use of plutonium-powered pacemakers and
for postulated accidents involving pacemaker patients. Benefits derived from the use of
plutonium-powered units are discussed and weighed against the risks in order to determine
whether routine use is justified. Available alternative pacemakers with various performance
characteristics are compared with respect to costs and needs of pacemaker patients.

The Nuclear Regulatory Commission has specifically licensed the implantation of limited numbers
of plutonium-powered cardiac pacemakers under a rigidly controlled investigational program.
This investigational program was preceded by a determination that this limited use would not
subject the patients or the public to any undue risk. In addition, the manufactu ers were re-
quired to demonstrate the safety of their units before their nuclear-powered pac’makers were
licensed for implantation in patients. Experience from these investigational p)ograms has been
used to evaluate the reliability of plutonium-powered pacemakers.

If »~utine use is authorized, plutonium-powered pacemakers w'1l be available :o many physicians
and hospitals, and a patient population of about 10,000 may b: reached within a few years, It
is expected that piutonium-powered pacemakers would be selected by physicians for only 5 to 10%
of all pacemaker patients.

3. Safety and Reliability Requirements:

a. The nuclear-powered pacemaker is the only type of pacemaker that is required by the
Federal government to be desianed and tested to standards that assure that the material
contained in its power supply will not be released to the environment under conditions
of normal use or accidents involving pacemaker patients. These standards include the
following:

(i) The physical and chemical form of the fuel are required to be as nondispersible
(in the environment) and nontransportable (in the human body) as is practicable.
In order to meet these requirements, the heat source used in all plutonium-
powered pacemakers now being manufactured is plutonium dioxide sintered into a
hard ceramic pellet and encapsulated to ensure integrity.
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(11) Fuel capsules are required to maintain their integrity when subjected to stresses
associated with impact, crush, and fire that could result from credible accidents
invelving a pacemaker patient. Specific prototype tests and engineering analyses
are conducted on each pacemaker model to demonstrate this integrity. The speci-
fied test conditions are as follows: (1) impacting a fuel capsule against a
unyielding surface at a velocity of 50 m/sec; (2) imparting a static force {c.ush)
of 1000 kg (2200 1b) to the fuel capsu’2; (3) heating the pacemaker, with the fuel
capsule pressurized to the maximum pressure that could develop during its useful
life, to 800°C in ar oxidizing atmosphere for 30 min followed by quenching in
water and a stacic stress test; and (4) heating the pacemaker with a pressurized
fuel capsule in an oxidizing atmosphere for 2 hr at a minimum temperature of
800°C, during which there sh 11 be a sustained temperature of 1300°C for at least
90 min.

(111) The outer surface of each pacemaker is conspicuously engraved with fire- and
corrosion-resistant markings including the trefoil radiation symbol; the words
"Radicactive Pacemaker"; identification, quantity, and date of sealing of the
contained radioactive fuel; name of the manufacturer; serial number; and the
words “Notify Health Authorities for Disposal.”

b. Medical institutions that implant nuclear-powered pacemakers and palients who are bearers
of nuclear-powered pacemakers are required to comply with specified administrative pro-
cedures to assure that the pacemakers are accounted for and that they are recovered for
contrclled disposal upon the death of the patient or upon removal for any reason prior
to death. During the limited investigational use of pacemakers, thcse administrative
requirements for accountability, recovery, and disposal are imposed by conditions of
licenses issued to the medica)l institutions. For routine use, regulations and procedures
for licensing will be developed to provide equivalent requirements for pacemaker account-
ability, recovery, and disposal.

¢. Procedures based on statistical techniques have been developed for evaluating the
reliability of nuclear-powered pacemakers using information obtained from the investiga-
tional programs. Any pacemaker being evaluated in an investigational program or any
new mode) introduced will be required to demonstrate acceptable performance before its
routine use will be authorized.

4, Summary »f Benefits:

a. Plutonium-powered pacemakers have sufficient longevity to eliminate the need for
surgical replacement operations that are necessitated by depletion of chemical
batteries. The avoidance of such replacement operations eliminates or reduces:

i. repeated hospitalization of the patients;
ii. patient pain and suffe:irg that is associated with surgery;

iii. patient anxiety associated with anticipated vacemaker wearout and replacement
surgery;

iv. complications that can develop after surgery; and
v. damage to pacemaker leads that can result from manipulaticn during surgery.

b. Plutonium-powered pacemakers can provide long-term maintenance-free pacing to patients
for whom the rechargeable pacemakers are physically and/or psychologically unacceptable.

¢. Plutonium-powered pacemakers will provide phvsicians with an alternative choice of
medical treatment for patients who require 1.7g-term pacing.

d. The use of plutonium power sources will have a positive impact on pacemaker technology.
New or additional pacemaker functions that have high power-drain requirements can be
more readily accommodated by glutonhn—pmred batteries without significantly redu.
battery 1ife. Such additional functions may also be accommodated by rechargeable
batteries, but, currently, would most likely shorten the interval between recharges or
lengthen the recharge period.

Currentiy, pluton’wi-powered pacemakers have a higher 1. +1 cost than nonnuclear alternatives,
but this cost is pariially or completely offset when one sre replacement implants of alterna-
tive pacemakers are necessitated. However, in the selectic. u.r prescription of medical treatment

4

iy ‘ ' {

L}
- . A N



RSN RN SEEENERS—S—NTN,, e e

for patients, when health and life are the primary concerns, cost is not necessarily a limiting
factor. The lowest-cost alternative is not always the best choice of treatment. Pacemakers are
chosen to best meet the medical needs of each individual patient; therefore, all of the different
types of pacemekers should be avai’able.

5. Summary of Environmental Impacts: The impact on the environment from routine use of
;fm:‘toniw-powered pacemakers, expressed in terms of effects per 10,000 pacemakers, is as
Oollows:

a. Radiation exposure to fanilies and 111 others in the population, excluding the
pacemaker patients, involves a dosc 2quivalent to individual spouses of up to
7.5 millirems/year and a dose to the U.S. population of 128 man-rems/year,
which is compared with the average natural backgri und dose eguivalent of
102 millirems/year to indivicuals and a total natu,al background dose .o the
U.S. population of about 20 million man-rems/year.

b. Total "ody and critical organ doses received by pacemaker patients are well below
the 5 rems/yeur that are permitted for occupational exposures of individuals. The
integrated dose equivalent to 10,000 patients is 1650 man-rems/year.

<. The surface dose rate from a pacemaker is about 5 to 15 millirems/hr. The
attachment of the pacemaker to leads and the placement of the pacemaker
into the prepared pocket usually requires less than 10 min. The permissible
occupational exposure to the hands and forearms of radiation workers is
18,750 millirems per calendar quarter. Therefore, the implantation or
removal of pacemakers would add only a minute exposure to physicians or other
medical personnel.

d. The radiation exposure rate from a package used for shipment of plutonium-
powered pacemakers is less than 0.1 millirem/hr at the surface and is
less than ambient background radiation at a distance of 3 ft from the
pacemaker. Tharefore, exposure to the public and to transportation workers
from pacemakers is insignificant.

e. Potential accidents to plutonium pacemaker patients arc evaluated from the standpoint
of probability of accident occurrence, types of stresses involved, probability
of a fuel capsule being breached, quantity and form uf plutonium that would be
released from a breached capsule, and pathways to man for the released plutonium.
Any plutonium released to the environment would be confined to a finite area
and any intake of plutonium by humans would be Timited to a small segment of the
populaticn, The calculated radiation exposure to the U.S. population for one
year of availability of 10,000 plutonium-powered pacemakers is 15 man-rems, which
is comparec with the total natural background dose to the population of about
20 mi1lion man-rems/year, Releases of plutonfum from brezched fuel capsvles are
calculated to occur approximately once every 20 yea::

f. The cost of cleaning up plutonium released in the unlikely event of accidental
breaches of plutonium-powered pacemakers is calculated to be $20,000 per
occurrence,

6. Major Alternatives Considered:

a  Mercury battery pacemakers

b. Promethium-powered nuclear pacemakers
¢. Lithium battery pacemakers

d. Rechargeable pacemakers

7. The following Federal agencies were requested to comment on the Draft Environmental
Statement:

Department of Commerce

Derartment of Health, Education, and Welfare
Department of Transportation

Environmental Protection Agency
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The Draft Statement was also sent, with a request for their comments, to the twenty-five
Agreement States that license certain radioactive materials. In addition, announcements of
the availability of the Draft Statement and copies of the "Summary and Conclusions" were
sent to the State Clearinghouses established pursuant to Office of Management and Budget
Circular No. A95 (Revised).

The following organizations or individuals (1wt necessarily renresenting the o-ganization
of their affiliation) submitted comments on the Draft Environm ntal Statement, which was
published in January 1975 (listed in order of receipt):

1. L. Douglas DeNike, Zero Population Growth

2. State of Oklahoma, Grant-in-Aid Clearinghouse

3. State of Kansas. Division of the Budget

4. Harald H. Rossi, Colleve of Physicians and Surgeons of Columbia University

5. Nicholas P. D. Smyth, M.D., Washingtor, D.C.

6. Stephen R. Parchner, Bakersfield, California

7. Commonwealth of Massachusetts, Office of State Planning and Management

8. State of Nebraska, Human Resources Coordinator

9. Karl Z. Morgan, Georgia Institute of Technology

10. United States Coast Guard, Office of Marine Environment and Systems

1i. U.S. Environmental Protection Agency, Office of Federal Activities

12. sidney M. Wolfe, M.D., Public Citizen Health Research Group, and John Abbotts,
Public Interest Research uroup

13. R. B. Kershner, Johns Hopkins Applied Physics Labcratery

14. Herman R. Levine, M.D., San Antonio, Texas

15. Dean E. Abrahamson, M.D., Ph.D., University of Minnesota

16. David L. Frank, Fresnoc Committee for Scientific Information

17. Allen C. Nadler, M.D.. Scientists' Inctitute for Public Information

18. State of Nebraska, Human Resources Coordinator

19. Wilson Greatbatch, Wilson Greatbatch, Ltd.

20, Bobby I. Griffin, Medtronic, Inc.

21, State of Tennessee, Office of Urban and Federal Affairs

22. Donald P. Geesaman, University of Minnesota

23. J. G. Speth, Natural Resources Defense Council, Inc.

24. Patricia Joralemon, Livingston, New Jersey

25. Ron Guenther, Venice, California

26, State of Texas, Division of Planning Coordination

27. F. N. Flakus, International Atomic Energy Agency

28. Department of Health, Education, and Welfare, Office of Environmental Atfairs

29. State of Nevada, state Planning Coordinator

0. J. K. Frenkel, M.D., Overland Park, Kansas

J1. R. Marriner Oruw., Eugene, Oregon

32. Alfred E. Mann, racesetter systems, Inc.

33. W. Albert Suliivan. Jr., M.D., University of Minnesota

34. Gregg S. Everhart, Stanford, California

<. New York State, Deoartment of Environmental Conservation

3b. Martin Sonenberg, M.D., Ph.D., Memorial Sloan-Kettering Car cer Center
37 W. .sunzinger, Federal Office of Public Health, Switzerland

3¢, homas S. Bustard, Hittman Nuclear Battery Corporation

34. Victor Parsonnet, ! J., Newark Both Israel Medical Center

40. .. D. G. Richings, National Radiological Protection Board, Great Britain
4}. Thomas S. Bustard, Hittman Nuclear 3attery Corporation

42. L. Douglas DeNike, Zero Population Growth

43. VYictor Parsonnet, M.D., tewark Beth Israel Medical Center

44, Richard B. Spohn, People for Proof

45, State of Florida, Division of State Planaing

46. Dermot A. Nee, Potomac, Marylard

4,. N. R, Arthur, Silver Spring, Maryland

43. N. W. Hauser, Edgewater, Maryland

49. Evelyn Bauer, District Heights, Maryland

50. Simone Fouquet, Silver Spring, Maryland

51. Marie Colbert, Washington, D.C.

52. Stephen Cookste~, Cordis Corporation

53. Mary P. Jackson, Washington, D.C.

54. Roger G. Powers, Brentwood, Maryland

55. Loyetta C. Wheelbarger, Hyattsville, Mar, land
56. Juliet Phillips, Washington, D.C.

57. Martin J. Krauthamer, M.D., Darien, Connecticut
58. Marion R. | wler, Jr., M.D., Harlingen, Texas £
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59.
60.
6i.
62.
63.
64.
65.
66.
67.

Max Spieler, Pacemaker Foundation, Inc.

Victor Parsonnet, M.D., Newark Beth Israel Medical Center

Fred Hittman and Thomas S. Bustard, Hittman Nuclear Battery Corporation
Stanley J. Runsky, Dover, New Jersey

Peter M. Jacobso:, Coratomic, Inc.

Victor Parsonnet, M.D., Newark Beth Israel Medical Certer

Peter M. Jacobson, Coratomic, Inc.

David L. Purdy, Coratomic, Inc.

L. Douglas DeNike, Zero Population Growth

. On the basis of the anaiysis and evaluations set forth in this Statement, it has been con-

cluded that the benefits to be derived fron the use of plutonium-powered cardiac pacemakers

are

greater than the risk: to the envirsn=_gt and that the routine use of plutonium-

powered pacemakers should be authorized subject to the following conditions:

a.

Present administrative practices of nuclear pacemaker inventory control and account-
ability shall be continued under specific licensing procedures until regulations
applicable to routine use are developed and implemented by the NRC.

Nuclear-powered pacemakers implanted during the investigational phase shall
continue to be followed and reported, pursuant to the investigational protocols,
until they are removed, so that, should an unexpected mode of wearout or failure
occur, the NRC and the manufacturer would be promptly informed.

The reliability of any new nuclear pacemaker model shall be monitored by the
Commission prior to its release for routine medical use. This relfability
determination will be evaluaced in the same manner as the reliability of other
pacemaker models implanted under the investigational protocols.
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FOREWORD

This Environmental Statement was prepared by the U.S. Nuciear Regulatory Commission, Office of
Nuclear Material Safety and Safeguards, in accordance with the Commission's regulation, 10 CFR
!(’art ?l. which implements the requirements of the National Environmental Policy Act of 1969
NEPA) .

The NEPA statas, among other things, that "[it] is the continuing responsibility of the Federal
Government to use al. oracticunle means, consistent with other essertial considerations of
National policy, to improve ana coordinate Federal plans, functions, programs, and res~ . ces
tc the end that the nation may:

+ Fulfill the responsibilities of each generation as trustee of the environment for succeeding
generations.

» Assure for all Americans safe, healthful, productive, and aesthetically and culturaliy
pleasing surroundings.

» Attain the widest range of beneficial uses of the environment without degradat.on, risk to
health or safety, or other undesirable and unintended consequences.

+ Preserve important historic cultural, and natural aspects of our national heritage, and
ni?uin. wherever possible, n environment that supports diversity, and variety of indivi-
dual choice.

« Achieve a balance between population and resource use that will permit high standards of
living and a wide sharing of life's amenities,

+ Enhance the quality of renewable resources and approach the maximum attainable recycling of
depletable resources.”

Further, with respect to major Federal actions significantly affecting the quality of the human
environment, Section 102(2){C) of the NEPA calls for preparation of a detailed stacement on:

(i) the environmantal imnact of the proposed action;

(i1) - ~ adverse envirommant a=ffects that cannot be avoided should the proposal be imple-
mented; and

(ii1) alternatives to the proposed action.

This Statement has been prepared to be responsive to the Nuclear Regulatory Commission's respon-
sibilities under the NEPA. In writing this Environmental Statement, the staff communicated with
the manufacturers of plutonium-powered pacemakers to seek information that was needed for an
adequate assessment and, in general, to ensure that the staff had a thorough understanding of
the proposed project. In addition, the staff sought information from consultants, literature,
and the medical community that would assist in the evaluation. On the basis of all the foregoing
and other such activities or inquiries as were deemed useful and appropriate, the staff made an
{ndependent assessment of the considerations specified in Section 102(2)(C) of the NEPA and in

0 CFR Part 51.

This evaluation led to the publication of a Draft Environmental Statement, which was then circu-
lated to Federal, state, and local governmental agencies for comment. A summary notice of the
availability of the Draft Environmental Statement was published in the Federal Fegister. Inter-
ested persons were requested to comment on the proposed action and the Nraft Statement.

In January 1975 the Atomic Energy Commission (now the Nuclear Regulatory Commission) issued the
Draft Generie Envirommental Statement on the Wide-Scale Use of Flutomiwm Powered Cardiac Pace-
makers for comment. A number of the comments received stated that a more complete discussion
of the alternative, available and of the need for nuclear-powered pacemakers should be included
in the Final Environmental Statement. Some of the comments expressed the opinion that, in view
of the availability of nonnuclear pacemakers with long useful service lives, the use of nuclear
pacemakers is not necessary or justified. -~ -
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In order to prepare an analysis of the need fcr nuclear pacemakers vs nonnuciear alternatives,
the Commission prepared two questionnaires — one requesting information from physicians who have
broad experience with pacemakers ir their practice and the other requesting information from
pacemaker manufacturers on the projected longevity of their various pacemakers and the bases on
which the projections were made.

Aficr receipt and consideration of comments on the Draft Statement and the information from the
questionnaires, the staff prepared this Final Environmen‘al Statement, which includes a
discussion of questions and objections raised by the comments and the disposition thereo/, and
a final cost-benefit summary which considers the envi-onmental effects and the alternatives
available. The action called for is the authorizati.n with conditions or the refusal to
authorize the routine use of plutonium-powered pacemakers.

In summary, this Final Generic Environmental Statement is an attempt to place the projected
routine use of plutonium-powered cardiac pacemakers in perspective. This Statement addresses
the reasonably foreseeable environmental, social, and economic costs and benefits of routine
use of plutonium-powered pacemakers; and available alternatives and their reasc ably foreseeable
costs and benefits. These evaluations are made to determine whether benefits of plutonium-
powered pacemakers compared with existing alternative pacemakers Jjustify their use and their
availability to broaden the selection for medical treatment of pacemaker patients.
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1. [INTRODUCTION

1.1 BACKGROUND

There are currently about 100,000 citizens of the United States who rely upon sophisticates
pacemakers to treat a defective electrical conductive system in their hearts. In the norma)
circumstance, a bundle of nerves in the upper heart chambers (atria) transmits electrical
impulses to the lower chambers of the heart (ventricles) in such a fashion that the chambers beat
in a synchronized way, >umping blood through the circulatory system in an efficient manner. In
many disease conditions, including deterioration that accompanies age, infection, or injury, the
impulses are blocked, and the normal heart rhythm is interrupted. This interruption causes the
lower chambers to beat at a rate that is tco slow to pump encugh blocd to meet the needs of the
body (particularly the brain}. This frequently results in dizziness and blackcut. For many of
these conditions, a cardiac pacemaker can feliver an electrical impulse to the lower chambers of
the heart, thereby induci- - a heartbeat. Depending upon the particular condition, one of the
various types of pacemske . can be used. The various types inciude asynchronous pacemakers,
which deliver impulses at a fixed rate; synchronous pacemakers, which sense the impulses . the
upper chambers then transmit pulses to the Tower chambers so that tne proper rhythm is ne intained;
and demand pacemakers, which deliver an impulse only if the Tower ¢ .mbers do not have a natural
beat during a certain period of time. Several thousands of people currently conduct their daily
activities with the assistance ¢f these devices.

Most pacemakers are implanted under Tocal amesthetic in a 45-min procedure. In about 10% of the
procedures, the wire (lead) is sutured directly to the heart under general anesthrsia, but the
more common procedure is to insert a catheter lead into a vein in the shoulder region and to
thread the lead into the apex of the heart. A pocket is constructed in the tissues of thc unper
chest, and the pacemaker (puise generator) is implanted and connected to t= lead. Occasionally
it is necessary to implant the pacemaker subcutaneously in the abdomen rather than above the
pectoralis muscle of the chest.

The ability of muicle to respond to electrical stimulation and the production of electrical
energy during cardiac and other muscular contraction has been known for some time. Experiments
with electrical stimulation of heart muscle were conducted during the 1920's. In 1932, Hyman
first constructed an apparatus that was conceived as a substitute for de‘ective pacing of the
heart and referred to as an artificial pacemaker.!»? 1In 1952, Zoll demonstrated the clinical
feasibility of closed-chest electrical cardiac stimulation to ~ause the lower chambers of the
heart to contract and pump blood to the body.! The technique - <ved life-saving and opened an
era of widespread use of electrical stimulation of the heart using skin electrodes. Se.eral
years later, better results were obtained when electrodes were placed directly on the wall of
the lower heart chamber or inserted via the veins into the Tuwer right chamber of the heart.

Because some components of the electronic circuit were large, early models of heart-stimulating
devices had to be placed outside the budy, However, the development of transistors and other
solid-state electronic components made possible the preduction of devices small enough to be
implanted internally. In 1959, Elmquist and Senning reported the first implanted pacemaker.®
The unit used a rechargeable nickel-cadmium battery as its power source. This unit was not
widely accepted. Shortly thereafter, Chardack and Greatbatch implanted the first pacemaker
powered with mercury batteries, the forerunner of the cardiac pacemakers that are now widely
used throughout the world.

Mercury-zinc ba.teries have been improved to increase their cell life. Also, careful monitoring
for indications of impending battery depletion has extended the period between surgical impian-
tations of replacement pacemakers.

Until recently, convertional pacemakers used the mercury-zinc battery as a power source. Due to
battery depletion, replacement surgery was required every 18 to 36 months.
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1.2 PLUTONIUM-PUWERED PACEMAKERS

The cardiac pacemaker is the first prosthetic device 'wered by nuclear energy to achieve
practical application in man, Nuciear batteries in pacemakers have “he potential of providing
significant benefits to patients by extending the operating lives of pacemakers well beyond
that which can be achieved by the current generation of chemical batteries.

The need for longer-lived power sources for pacemakers was recognized early in the development

of implanted pacemakers. In response to this need, the Atomic Energy Commission initiated a
request in 1966 for proposals from industry to develop a long-lived pacemaker using a radioisctope
as the heat source in a thermoelectric converter battery. The primary objective of that program
was the development of a nuclear-powered pacemaker with a minimum operating lifetime of ten

years, “<her important objectives were (1) mitigation of the radiation exposure to the user to

a medical)y acceptable level, (2) containment of the radicisotope fuel, and (3) sufficient reduc-
tion of the size and weight of the pacemakers to make surgical implantation practicable.

To achieve the specified o crating lifetime ani 4t the same time to minimize size, weight, and
radiation exposure to thr patients and to the public, the radicisotope used should have a rela-
tively long half-life, a sufficient thermal power density, and low shielding requirements.
Plutonium-238 meets these requirements.

The technology for use of this isotope in radionuclide power sources was developed by ~he AEC
for space nuclear power s,/stems and has been successfully applied in a number of lunar and deep~
space missions. Using advanced technology and materials, these long-lived heat sources contained
in thermal electric generators have been designed and developed to withstand high operating
temperatures of approximately 800°C (1475°F), extreme thermal stresses that could be encountered
upon reentry to the earth's atmosphere, and extreme mechanical stresses resulting from possible
impact onto 2 hard surface such as granite. Well-known missions include the Apollo lunar series,
the Pioneer missions to Jupiter, and the Viking mission to Mars,

Even though the nuclear batteries used in space flight contain about 30,000 times more plutonium
than present pacemaker batteries, the materials of construction and bDasic technology of space
batteries were applied by the AEC contractor and private industry to the development and fabri-
cation of plutonium-powered batteries for use i» cardiac pacemakers.

Several models of pacemakers that use plutonium-238 power sources have been developed both urder
the AEC contract and independently by private industry in the United States, England, and France.
Five pacemaker manufacturers are row distributing plutonium-powered pacemakers in the United
States for clinical evaluation.

1.3 NRC REGULATIONS

The Nuclear Regulatory Commission is authorized by Sect. 53 of the Atomic Energy Act of 1954, as
amended, to regulate the possession and use of plutonium. Section 161 of the Act states, in part:

In the performance of its functions the Commission is authorized to....

b. establish by rule, regulation, or order, such standards and instructions to
govern the possession and use of special nuclear material, source material,
and byproduct materizl as the Commission may deem necessary or desirable
L' promote the common defense and security or ton protect health or to
minimize danger to life or property....

Plutonium=-238 is, by definition, "special nuclear material," and pacemakers containing highly
enriched plutonium-238 (280% plutonium-238) are subject to the NRC regulations in 10 CFR Part 70.*
Howeve  the guidelines of the International Atomic Energy Agency evempt plutonium containing
more than 80% of plutonium-238 from safequards requirements that have been set forth in agreement
betweer the IAEA and member countries in connection with the Treaty on the Non-Proliferation of
Nuclear Weapons.

The basic elements of the current policy of the NRC relating to the limited licensing of pace-
makers for investigational use are stringent requirements to assure (1) safe levels of radiation
for patients and the public; (2) safe containment of the plutonium during normal use, during

£

The Commission has entered into agreements with some states under which the Commission has

discontinued, and the state has assumed, authority for regulating certain nuclear materials,

The regulatory requirements of the Agreement States are equivalent to those of the Commission, .
£71 U | O

Y s
N &



e T e I e e

1-3

accidents involving pacemaker patients, and during pacemaker disposal: and (3) accountabiiity,
recovery, and controlled disposal of pacemakers. Safe containment of the plutonium is provided
by requiring pacemakers to be designed, manufacturad, and tested in accordance with rigid
standards and criteria.

The NRC is currently licensing the implantation of plutonium-powered pacemakers only on a limited

investigational basis under a research protocol to establish that nuclear pacemakers are reliable.

This program was preceded by a determination that this limited use would not subject the patients
or the public to any undue risk. The current practice in licensing the investigational use of
pacemakers and the develcpment of a regulatory framework to accommodate the routine use of
plutonium-powered pacemakers is discussed in Sect. 2. It is the purpose of these investigational
programs to determine whether the reliability of these pacemakers justifies their riutine use.

1.4 PROPOSED AUTHORIZATION OF ROUTINE USE OF PLUTONIUM-POWERED PACEMAKERS

The major Federal action proposed for which this Environmental Statement is prepared, is the
authorization for routine use of plutonium-powered pacemakers in the medical treatment of cardiac
patients; thit is, that nuclear pacemakers are justified and acceptable for use b/ appropriately
qualified and licensed physicians who, in their medical treatment of pacemaker patients, deem

it benefical to the patients. The routine use of any particular nuclear pacemaker model is
based on the requirement that its reliability and safety have been demonstrated.

Prior to taking Federal actions that may affect the quality of the human environment. the NRC

is requirad by the National Environmental Policy Act of 1969 (NEPA), Public Law 91-190, to assess
the potential environmental impact of such actions. The regulation under which the NRC imple-
ments NEFA is 10 CFR Part 51, "Licensing and Regulatory Policy and Procedures for Environmental
Protection.” Authorizing the routine use of nuclear-powered pacemakers (beyond the present
investigational use of limited numbers of pacemakers) ‘- nsidered to be a major Federal action
that could affect the quality of the human environment. Therefore, this Environmental Statement
describes and evaluates the potential environmental consequences of routine use of plutonium fuel
in cardiac pacemakers.

The content of environmental statements is specified in 10 CFR Par* 5]. The three major = ojects
identified from these regulations as being pertinent to this Eavironmental Statement are as
follows: (1) potential impacts on the environment resulting from routine use of plutonium-
powered pacemakers, (2) a benefit-cost analysis of such routine use, and (3) available alterna-
tives to such use.

Three environmental impacts are: (1) radiation exposure to the patients from the implanted
pacemakers, (2) exposure to the public from normal use of pacemakers, and (3) potential release
of plutonium from accidental or abnormal events. These impacts are discussed in Sect. 3.

The benefits from the long service life of plutcnium-powered pacemakers are assessed in Sect. 4.,
The principal benefit from plutonium-powered pacemakers ic the liferime assistance given to
cardiac patients requiring pacemakers. Secondary to this benefit is the reduction of the fre-
quency of surgery and postoperative complications and the consequent reduction of patient pain,
suffering, and anxiety associated with pacemaker reimplantations.

In addition to the plutonium-powered pacemaker and the improved mercury batteries, pacemakers
with other new power sources, such as the lithium and rechargeable batteries, are being developed
and evaluated. A discustion of these alternatives is included in Sect. 4.

This Statement considers the impact of plutonium-powered pacemakers on the environment during
normal conditions and under potential accident and loss conditions. The production of plutonium,
the manufacture of nuclear batteries and pacemakers, and the cuntrolled disposal of any
associated radioactive wastes are conducted as a part of other licensed or ERDA contract opera-
tions. The amount of plutonium that would be required for routine use of pacemakers would be
small compared with that which is produced for other purpos.c. Since the environmental impact
of the production and disposal of plutonium is considered in conjunction with the licensing or
authorization of such operations, when required by the NEPA. this Statement does not consider
their environmental impact,
~ N0
6;. ] .
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2. LICENSING OF NUCLEAR-POWERED PACEMAKERS

2.1 INTRODUCTION

The normal use of nuclear-powerad cardiac pacemakers entails some degree of radiation exposure to
patients, to members of their households, and to the general public as a result of the radio-
activity of the plutonium contained in the pacemakers. There is also a potential for radiation
exposure if vadioactive material is relea-ed in an accident that damages the radioactive source
in a pacemaker. In order to acquire information on the actual performance of nuclear-powered
pacemakers in patients and to determine whether their longevity and reliability characteristics
.ustify the associated risks, nuclear pacemakers are presently licensed in the United States for
limited investigational use. This limited investigational use is reconmended by the Nuclear
Energy Agency” (NEA) and is followed, in practice, by a number of countries in addition to the
United States.

2.2 NUCLEAR ENERGY AGENCY STANDARDS

The NEA had developed "Interim Radiation Protection Standards for the Design, Constriction,
Testing and Control of Radioisotopic Cardiac Pacemakers.”! The standards were concerned with
protecting the public health and safety but not with meadical considerations reiating to individual
pacemaker patients. The purpose of the NEA standards is to provide a uniform basis for national
authorities to establish practices and pr.cedures by which the radiation risks of nuclear-powered
pacemakers to the public can be kept to a minimum and to permit non-restricted international
travel of pacemaker patients. A member of the Nuclear Regulatory Commission (NRC) staff repre-
sented the United States in the NEA group of experts, which developed these standards. The
present NEA standards are designated as interim standards applicable during limited clinical in-
vestigations using pacemakers. These interim stand: ds may be continued i{n use or modified for
routine use of pacemakers as indicated by experience gained from the investigations.

The NEA standards were drawn up "on the principle that .o far as is practicable, the requirements
of radiological safety shall be incorporated into the design of 'he pacemaker and that the radio-
artive material will ultimately be recovered and disposed of under controlled conditions."! The
standards contain guidance on (1) design and testing of pacemakers to assure continued and reli-
able containment of the radionuclide fuel during normal use and in accident conditions, (2) con-
trol of external radiation lavels, 13) identification of pacemaker patients, (4) accountability
for pacemakers 1. circulation, and (5) collection and disp.sal of radicactive source capsules at
the end of their useful lives,

The possession and use of plutonium in pacemakers is licensed pursuant to 10 CFR Part 70, “Special
Nuclear Material," of NRC regulations. Two licensing guides have been issued to assist manu-
facturers and clinical users of pacemakers in preparing their applications for licenses. One of
the licensing guides, "Interim Safety Guide for the Design and Testing of Nuclear-Powered Cardiac
Pacemakers” (Appendix B of this Statement), contains standards for designing, testing, and
manufacturing nuclear-powered pacemakers. The second, "Guide for Licensing the Investigational
Use of Nuclear-Powered Cardiac Pacemakers" (Appendix C of this Statement), contains conditions
for a standaru protocol to be followed by all clinical investigators and for the licensing of
hospitals to participate in the investigation.

The standard protocol should describc those aspects of the clinical implantation and follow-up
program that are to be followed by all of the participating invesitgators. This protocol, when
accepted for licensing by the Commission and th= Agreement States, can be furnished to all of the
participating medical institutions and incorporated by them into their applications for licenses.

2.3 NRC LICENSING OF INVESTIGATIONAL USE

The Nuclear Regulatory Cuamission, in discharging its statutory responsibility for assuring the
public health and safety in the use of atomic energy materials, is presently licensing hpspitals

.An agency (formerly the European Nuclear Energy Agency) of the Organization for Economic
Cooperation and Development.
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to implant nuclear-powered pacemakers for Timited investigational use only. The purpose of the
investigation is to obtain data to establish whether the pacemakers are reliable for routine use.
Data from these investigations will also be used in the development of criteria for routine use
of nuclear-powered pacemakers.

Under the present licensing program, both the number of nuclear pacemakers and the number of
medical institutions participating in the investigation are being limited. A total of approxi-
mately 700 plutonium-powered pacemakers from five manufacturers have been implanted under this
investigational program. More than 85% of these pacemakers (4 of the 5 manufacturers) contain
250 mg or less of plutonium. O~ manufacturer uses 500 mg (about 8 Ci) of plutonium.

There are three principal elements in the present NRC licen: ‘ng program: (1) control of pacemaker
design and manufacture to assure safe containment of radioactive material’ under anticipated normal
and credible accident conditions, (2) control of pacemaker use to assure u. suntability and re-
covery for controlled disposal of nuclear sources contained in pacemakers, a:d (3) collection of
data for the evaluation of nuclear pacemaker reliability.

2.3.1 Standards and criteria

The NRC has developed interim safety design and testing criteria that have been coordinated with
the NEA standards for nuclear-powered pacemakers for investigational implantation. These
criteria, discussed in detail in the "Interim Guide for the Dr-ign and Testing of Nuclear-Powered
Cardiac Pacemakers" (Appendix 3), include requ: rements for testing prototype plutonium sou~--s, |
batteries, and pacemakers unger conditions that are more severe than contemplated in their use. !
Passing the test requires that no radioactive fuel be leaked or released following exposure of
the sources and pacemakers to the test stresses. The test requirements, the types of accidents
considered in establishing the prototype test conditions, and the rationale for the tests are
summarized in Table 2.1,

It is extremely unlikely that accidents involving stresses more severe than the prototype tests
would occur, Therefore, the ability to meet these criteria and to successfully complete the
tests provides a high degree of assurance that the plutonium fuel will be contained during rormal
use and under any credible accident condition involving a patient with an implanted pacemakcr or
involving a pacemaker during handling and transportation before implantation or after removai.

The criteria also require that the physical and chemical form of the fuel be such that it will be
as nondispersible (in the environment) and nontransportatle (in the hunan body) as is practicable.
The fuel form chosen for all of the presently manufactured plutonium-powered pacemakers is
plutonium dioxide. This oxide is a nearly chemically ind metabolically inert form of plutonium
which is compressed and fired into a hard ceramic pellet to minimize the likelihood of dispersal
and subsequent intake and retention in the human body, even in the unlikely event of an accidental
breach of the containment system.

The properties of plutonium-238 and the fabrication of plutonium sources are discussed in Appendix
D.

2.3.2 Manufacture of nuclear-powered pacemakers

Any pacemaker manufacturer or importer who desires to distribute pacemakers for investigational
use must demonstrate, in his application for licensing approval of such distribution, that his
pacemaker satisfies all of the safety design and test criteria cutlined in Appendix B. In order
to meet all of the design and test criteria, plutoniv: heat sources are fabricated using multiple
layers of containment. The construction materials, dimensions, and methods of fabrication of heat
sources are chosen so that the combined properties of the multiple envelopes will provide the
necessary mechanical strength for fuel containment under the temperatures, pressures, and stresses
required by the design and test standards. The materials must also be (1) compatible with all
other materials with which they will come in contact in ncrmal use and under test conditions,
(2) resistant to oxidation and reaction with other materials during thermal tests, and (3) resis-
tant to long-term corrosion. The adequacy of pacemakers to meet the criteria is determined by
engineering analysis of the design and by the demonstration that prototype pacemakers, batteries,
and radionuclide sources pass ths prototype tests.

. P 2 N9
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2.3.2.1 Quality assurance PO

Prior to authorizing the licensing of a new pacemaker model, the NRC requires the domestic manu-
facturer or importer to provide and implement a quality control program to ensure that each

production unit is a replica of units that have successfully passed the required safety tests, as
outlined previously, and that each unit will conform to the specifications furnished to the NRC.
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Table 2.1. Interim safety performance tests for plutonium-powered cardiac pacemakers”
Mechanical
Impact: Impact the scurce at a velocity of 50 m/sec onto a flat essentially

unyielding surface. This test has evolved out of consideration of the
maximum impact expected ©ur a pacemaker implanted in the body of a
person involved i~ a transportation accident or a fall. The 50-m/sec
velocity is based on the terminal velocity of a body in free fall
following collision of aircraft in midair.

The source shall be subjected to a static stress (crush) load of 1000 kg
between roughened steel jaws. This test is related t- the forces
resulting from an individual being caught unu.. ralling masonry or
pinned by a steel girder. The 1000-kg test load is based on the
possible weight of the girder.

The battery shall be subjected to a temperature of 800°C in air for 30 min,
followed by quenching in water at room temperature and a 1000-kg static
stress (crush) test. This test is based on temperatures experienced in
building or transportation fires. The water quench is needed to ensure
that the pacemaker will withstand thermal shock resulting from water being
used to extinguish a fire, and the static stress test is to ensure that it
would withstand being crushed by a collapsing building following the
thermal stresses of fire and water gquench.

The pacemaker shall be subjected tc a cremation cycle of two hours in an
oxidizing atmosphere with a minimum temperature of 800°C and a sustained
temperature of 1300°C for at least 90 min. This test is based on measured
cremation temperatures. The average temperature for cremation is sub-
stantially lower than 1300°C,

It shall be demonstrated that the radionuclide fuel will be contained for
10 half-lives in seawater, including consideration of possible pressure
buildup inside the fuel capsule. This corrosio. capability shall be
determined Ly corrosion tests, engineering analyses and extrapolations
considering the linear rate of corrosion for each material constituting
the fuel capsule and each fuel containment envelope. A program plan for
corrosion tests of each fuel containment envelope, including possible
galvanic reactions, shall be submitted and evaiuated. This requirement
is to ensure that the radiocactive fuel will rot be released to the
environment if a pacemaker is lost or buried. Since seawater is more
corrosive than either fresh surface or groundwater, materials that
resist corrosion by seawater would resist corrosion if lost in fresh
water or biried in soil. Ten half-1ives” were chosen to ensure that a
negligible a.cunt of fuel would be present if the integrity of the
containment system was compromised.

“The quality control requirements for licensing plutonium-powered pacemake s are described in

Sect. B.3 of the Imterim Safety Guide for the Deaign and Teating of Nuclear-Pavered Cardiae
Pacemakers, which is Appendix B of this Environmental Statement.

bTen half-lives of piutonium-238 are 878 years, during which time the Pu-238 will decay to

1/1000 of the original activity '8 mCi maximum from an initial 500-mg, 8-Ci, plutonium source).
Plutonium used in pacemakers contains 10% by weight of Pu-239, which is only 0.04% of the

total plutonium by activity. After ten half-lives of Pu-238 decay, the remaining Pu-239 is
less than half of the remaining Pu-238 activity.

21 025
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Quality control procerares must be found acceptable by the Commission as applied to design,
material control, fabrication, and product qualification testing, The guality control require-
ments for licensing plutonium-powered pacemakers are described in Appendix B (Sect. B.3).

2.3.2.2 lLabeling

The labeling, as specified in Appendix B, requires that the fuel capsile (or battery housing in
the case where the fuel capsule is permanently sealed within the battery housing) and the pace-
maker housing be conspicuously and legibly marked by means resistant to fire and corrosion. The
purpose of this labeling is to facilitate retrieval of the pacemaker, in case of an accident, by
alerting individuals to the fact that the pacemaker and component parts (e.c., the source capsuie
or battery' contain plutonium and that health authorities should be notified for disposal of the
pacemaker,

2.3.3 Limited clinical investigation programs

The primary purpose of the limited clinical investigation of plutonium-powered pacemakers is to
determine their reliability under conditions o” actual use in man., To provide the most effective
evaluation of pacemakers while minimizing the necessary number of investigational subjects, a
pacemaker manufacturer or a distributor of imported pacemakers (hereinafter referred to as the
sponsor) is required to submit an overall plan for the clinical investigation of each model of
nuclear pacemaker and to develop a standard protocel to be followed by all participating
investigators

2.3.3.1 Standard protocol for clinical use

The use of a standard protocol assists in obtaining a uniform approach to the evaluation of
plutonium-powered pacemakers and simplifies licensing for the applicant medical institutions
participating in the sponsor's study, the sponsor, and the licensing agency (NRC and Agreement
States). In addition, conformity to a standard protocol provides a high level of operational
control of the plutenium-powered pacemaker within the public sector and a high assurance of
recovery following use. The required contents of a standard protocol are described in Appendix
C. These provisions are discussed in the following partc of this sect.on.

2.3.3.2 Patient information and consent

The patient shall be informed of, and shall provide written agreement to, the followina:

1. Radionuclide-powered pacemakers are under investigation, there are alternative treatments,
and the patient is willing to participate in the investigation.

2. To avoid burial, cremation, or loss to the environment of a radionuclide source, the pacemaker
shall be removed from the body upon the death of the patient and, when removed at death or vor
any rea:on prior to death, shall be returned to the sponsor of the clincial investigation for
disposal.

3. The patient shall carry, at all times, an identification card containing the patient's name,
the word "Radioactive,” tne radiation symbol, identification of the patient as a bearer of a
radionuclide-powered cardiac pacemaker, identification of the pacemaker by manufacturer's
name and model number, the amount and type of containe radionuclide, the words “In case of
emergency or death, call collect (name and telephone mber of the participating
institution),” and information pertaining to the patient's consent to remove the pacemaker
in case of death,

4. The patient shall wear, at all times, a durable, fireproof bracelet or other approved form
of jewelry engraved with the patient's name, the words "Radicactive Pacemaker," the radia-
tion symbol, identification of the radionuclide, and the words “(n case of emergency or
death, call collect (telephone number)."

5. Long-term follow-up examinations shall be conducted as sche ‘uled by the participating medical
institution.

£91 N7 Aa
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6. The patient shall notiry the hospital of ary change in his address or telephone rumber or if

]therete;s any change with respect to the person tc be contacted in case the patient cannot be
ocated.

7. The patient shall notify, through the hospital and <ponsor, the appropriate licensing
authority prior to any travel outside of the United States. .

2.3.3.3 Registration reports and records

The implanting hospital reports to the sponsor, and both the hospital and the sponsor " <ep
recerds on each implanted pacemaker. These reports include the name and address of the patient,
names and addresses of at Jeast two persons to be contacted if the patient cannot bx 3 -ated. and
pacemaker identification by model and serial number.

2.3.3.3 Follow-up reports

The implanting hospital reports to the sponsor the data on each follow-up examination of nuclear-
powered pacemaker patients. Such follow-up examinations are required at intervals not to exceed
six months. The report on each follow-up states whether the patient is wearing the iequired
braceiet or other approved identification jewelry, whether the patient is carrying the identifi-
cation card, and whether satisfactory contact has been maintained since the last follow-up
examination.

2.3.3.5 Reports of replacement or removal

e implanting hospital reports to the sponsor any pacemaker that is replaced or removed for any
reason. In case of death of the patient, the pacemaker shall be removed and returned to the
sponsor for evaluation and approved disposal unlass retention and reuse are authorized by the
licensing agency. Some pacemakers that have been remcved because of death of the patient from
causes unrelated to the pacemaker have been retzined by the hospital for reuse in other patients.
In these cases, the subsequent reimplantations are subject to the same protocol and accounta-
bility procedures.

2.3.3.6 Reporis of deaty or loss of contact

The implanting hospital reports to the NRC or the Agreement State licensing agency within 24
hours of occurrence, the death of any bearer of a nuclear-powered pacemaker and, within ten days
of the hospital's knowledge, the loss of contact with any pacemzker patient.

2.3.4 Licensing of hospitals

To facilitate continuity of patient follow-up during the investigational phase of plutonium-
powered pacemaker use, special nuclear material licenses are issued only to hospitals and not
to individual physicians. A hospital, once selected »v a sponsor to participate in his clinical
study, may apply for a special nuclear material license to possess and implant the sponsor's
nuclear-powered pacemaker under an aporoved standard protocol. Participation by the implanting

institution in such a cli.ical researcn study is conditioned upon following the standard protocol.

Hospitals must show evidence of and/or agree to the following:
1. The hospital must have an ongoing pacemaker implantation and follow-up clinic.

2. The hospital must use a team approach to the study of implantation, evaluation,
and follow-up. A thoracic surgeon(s) specializing in cardiovascular diseases
and a cardiologist(s) will be included in the team.

3. The hospital and its study team must agre2e to follow the sponsor's protocol
for the study.

4. Records on patients with nuclear-powered pacemakers must be maintained
separately from routine hospital records.

5. The hospital must develop a system of accounting for all nuclear pacemakers
within the hospital by serial number and must keep them under lock and k\ey\ -
when in storage or otherwise not in use. 31 {1/
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6. ‘‘he hospital must develop a rapid response capability for handling emergency
reports or inquiries concerning a bearer of a nuclear-powered pacemaker.
7. The hospital must agree to continue follow-up of the patient, periodic

reporting, and recovery procedures until the device is recovered and
returned for controlled disposal of the radiocactive material.

2.3.4.1 Responsibility of hospital for accountability and recovery

Under a special nuclear material license issued for implanting pacemakers during the investiga-
tional study, the responsibility for the plutonium and its contrcl, accountability, and recovery
rests with the hospital, Tne specified possession limit for special nuclear material (plutonium).
under a license issued to the hospital, includes all special nuclear material possessed by the
licensee whether in storage, implant.d in patients, or otlierwise in use. License conditions
intendzd to ensure accountability of pacemakers in patients are placed on special nuclear

material licenses issued to hospitals. These conditions are as follows:

1. The licensee shall not receive or transfer in any single ~ - "saction one
grani or more of plutonium contained in nuclear-powered pace.c “rs without
notifying the Division of Safeguards, U.S. Nuclear Regulatory Commission
(Washington, D ~. 20555} and, in addition, completing and distributing
varm NRC-741 as required by Section 70.54 of 10 CFR Part 70.

2. The licensee shall report to the Radioisotopes Licensing Branch of the U.S.
Nuclear Regulatory Commission {Washington, D.C. 20%55) within 24 hr of
occurrence, the death of any nuclear-powered pacemaker patient.

3. The licensee shall report to the Radioisotopes Licensing Branch of the U.S.

Nuclear Regulatory Commission (Washington, D.C. 20555) within ten days, the
loss of contact with a nuclear-powered pacemaker patient.

2.3.5 Periodic reports by sponsors

The sponsors of the clinical investigations (manufacturers or importers of the plutonium-powered
pacemakers) are required to report to the NRC, at intervals of not more than six months,

summary data that they receive from thz participating investigators. To date, the sponsors of
the investigation programs have reported 100% accountability of implanted plutonium-powered
pacemakers.

2.4 STATISTICAL EVALUATION OF PACEMAXER RELIABILITY

Procedures have been developed for eveluating the reliability " nuclear-powered pacemakers using
information on clinical experience obtained from the investigacional programs. The proposed rou-
tine use of nuclear-powered pacemakers is based on the requirement that suitable performance

of these units w 11 be clinically demonstrated.

These evaluation procedures, based on statistical techniques, provide a systematic means to
determine the acceptability or nonacceptability of nuclear pacemakers as rapidly as possible.
Suitable criteria are met when it is established, with a high degree of confidence, that the fail-
ure rate of nir.lear units is less than or equal to an acceptable standard.

For the investigational program, a limitation is imposed on the monthly implantation rate, which
is aimed at controlling the number of units in circulation until routine use is authorized
(unrestricted distribution wou'd be tantamount to routine use). Also, constraints are placed o
the number of pacemaker-patient-months that are allotted to any one manufacturer for the evalua-
tion of his unit's performance.

Computer programs were developed for the Commission (by Drs. D. Kleitman and A. Barnett, of the
Massachusetts Institute of Technology; D. Rosenbaum, of Mitre Corporation; and B. Singer of
Columbia University) to evaluate pacemaker performance. These programs require as input the
following predetermined parameters: (1) the maximum acceptable failure standard; (2) the confi-
dence level on the maximum acceptable failure standard; (3) the total accumulated number of

‘pacemaker-patient-months in which a decision must be reached; (4) a desired confidence level to

terminate a unit's evaluation due to an excessive number of pacemaker failures and (5) a param-
eter concerned with determining whether pacemakers are failing at a constant rate. The sutput
from these programs provides the means to determine if one of the following circumstances exists:

A
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(1) There is a high degree of confidence thet the unit's failure rate is less than
the acceptable standard and the test can be discontinued, because acceptability
is demonstrated.

(2) The namber of device failures h-s become so large that, to a high degree of
confidencs., pacemaker acceptability cannot be demonstrated, even if the
investigation is run to conclusion. In this case, the test should be dis-
continued, and this pacemaker model should not be used in future implantations.

(3) Not enough data has been collected to establish one of the above conditions,
and the experiment should continue.

For purposes of this evaluation, a pacemaker is considered to fail if, for any reason, the pulse
generator fails to provide satisfactory pacing to the patient. In these investigational programs
a failure standard is selected that is equivalent to other types of (nonnuclear) pacemakers on
which data have currently been reported. The maximum acceptable failure standard currently being
used, with which nuclear pacemaker acceptability is compared, is 0.15% failures per month. This
standard is compatible with the electrunic capabilities of conventional pulse generators.2<"

The accumulated months of pacemaker experience adopted, in which pacemaker evaluation must be
nade, is 25,000 pacemaker-patient-months. The evaluation may be completed or terminated before
the maximum number of pacemaker-months if one of the following circumstances exists:

(1) The pacemaker is found to meet the reliability requirement with 90% confidence, or

(2) There is a 952 confidence that the required pacemaker performance cannot be attained
even if the clinical investigation is continued.

To date, the evaluation of Lhe accumulated pacemaker experience from the inv. ,atinal progran <
indicates a plutonium pacemaker performance better than required specificaticns. A detailed
discussion of the supporting data is contained in Sect. 4. Although one pluronium-powered pace-
maker model has successfully demonstrated acceptability, its performance wiil continue to be
evaluated until a decision on routine use is made by the NRC.

If routine use is authorized, any pacemaker model in an investigational program or any new model
introduced on the market will be required to demonstrate acceptable performance using the pre-
viously outiined procedures and to report the results to the NRC. The NRC will consider autho-
rizing the routine use of this unit at that time. A more comprehensive discussion of the
statistical procedures used in evaluating pacemaker performance is contained in Aopendix E.

2.5 REGULATION OF ROUTINE USE

If routine use is authorized, plutonium-powered paremakers will be used by many physicians and
hospitals, and a patient population of about 10,000 may be reached within a few years. It is not
expected, however, that plutonium-powered pacemakers would be selected Ly physicians for more than
5 to 10% of all pacemaker patients.

2.5.1 Manufacture of pacemakers

Regulation of the manufacturers and importers of plutonium-powered pacemakers would continue
during routine use essentially as described earlier in this section. Both the NEA standards

and the NRC guide for design and testing of nuclear-powered pacemakers are designated as interim
documents subject to revision if experience indicates chat revision is necessary. However, no
need for change in the standards or criteria for safety of olutonium-powered pacemakers is now
indicated or pianned. Thus, as with present licensing for investigational use, pacemakers that
will be licensed for routine distribution and use would have to be designed, manufactured, tested,
and quality controlled to assure that radiation levels from pacamakers will not cause unacceptable
radiation exposures to the patients or the public and that plutonium will be contained in the
pacemaker in normal use and under conditions of possible accidents or 1oss.

(21 021
2.5.2 Authorization for implantation and possession e

During the limited investigationa: use of plutonium-powered pacemakers, the licensed hospitals
are responsible for (1) the possession of the plutonium-powered pacemakers by the patients, (2)
the maintenance of contact with the patients for continuing accountability of the plutonium
sources, and (3) recovery of the plutonium sources upon the death of a patient or the removal of
a pacemaker from a patient. These procedures are effective and practical during the investiga-
tions because close contact with patients is necessary for obtaining investigational data on the
pacemakers. Patients are selected, in addition to their medical need for pacemakers, on the
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basis of their agreement and availability to participate in the investigation, required follow-wp,
and recovery of their pacemakers. However, in routine use, relatively large numbers of patients
and hospitals may become involved. These patients can be expected to lead essentially normal
lives and be highly mobile, as is the case for the rest of the American population. For these
reasons, it may not be acceptable to the medical community, or practical, to have the responsi-
bility for accountability and control of ruclear-powered pacemakers rest primarily with the
implanting hospitals and medical institutions.

Although the m.chanism used for assuring accountability and recovery of plutonium-powered pace-
makers during investigational use may not be appropriate during routine use, an equivalent level
of con:rol and recovery by means appropriate to their routine use will be imposed.

‘A‘ n:qulatory accountability and recovery system for routine use of pacemakers wiil consider the
ollowing:

1. establishment of a system for registering pacemaker patients;

2. assurance that patients and their survivers will permit recovery and
appropriate disposal of plutonium-powered pacemakers in case of death
of the patient or removal of the pacemaker for any other reason;

3. requirement that patients wear and carry appropriate identification that
they have an implanted plutonium-powered pacemaker and instructions
t, be followed in case of death or emergency to assure safe handling
and recovery of the pacemaker;

4, establishment of a system of periodic contact with patients to update
registry information, to remind them and their families of the
requirements for accountability and recovery of pacemaker sources,
and to follow up on unrecoverzd pacemakers; and

5. establishment of a system for the collection and controlled
disposal of piutonium pacemaker sources after use.

REFERENCES FOR SECTION 2

1. “Interim Radiation Protection Standards for the Design, Construction, Testing and Control
of Radioisotope Cardiac Pacemakers," C. (74)101 (Final), Nuclear Energy Agency, Organization
for Economic Cooperation and Development, Paris, france, 23 August 1974,

2. Medtronic, Inc., Medtromic Laurenms-Alcatel Model 3000 Pulse Gemarator Clinieal Investigation
Plan, March 1973.

3. Medtronic, Inc., Medironie Product Performance Report, ML 72751, September 1974.
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3. ENVIRONMENTAL IMPACT ASSESSMENT

3.1 INTRODUCTION

The routine use of nuclear power sources in cardiac pacemakers involves three types of potential
risks to the public: (1) the radiation exposure to the patients from the implanted pacemakers
(Sect. 3.2), (2) the radiation exposure to the public from implanted pacemakers (Sect. 3.3),

and (3) the potential release of radioactive fuel from accidental or abnormal events (Sect. 3.7).

Five manufacturers® are currently using radioactive plutonium-238 as fuel for pacemakers. Of the
five manufacturers, four are using batteries containing 250 mg or less of plutonium; therefore,
this assessment will be based on pacemakers containing 250 mg of plutonium.® The fifth manu-
facturer's pacemaker contains about 500 mg of plutonium; thus, the impacts for this pacemaker
are double those determined for a pacemaker containing 250 mg.

Assuming the availability of nuclear-powered pacemakers, the decision to implant a nuclear-
powered pacemaker rather than a conventional battery-powered pacemaker will be made tv _he phy-
sician and the patient case-by-case. According to current estimates, 100,000 to 200,000 patients
i1 the United States are pacemaker bearers. Most physicians queried have indicated that about

5 to 10% of this population could use a long-lifetime pacemaker (i.e., with a lifetime of 10 years
or more), and this market for long-lived pacemakers will be shared bv nuclear-powered pacemakers,
rechargeable pacemakers, and improved types of chemical battery powered pacemakers. This envi-
ronmental impact assessment is based on an assumed nuclear-pacemaker population of 10,000 patients.
Using the base figure of 10,000 pacemakers, the impacts of the pacemakers can easily be scaled

up or down for other numbers of implanted nuclear pacemakers.

3.2 DOSE RATE TO PATIENTS FROM IMPLANTED NUCLEAR-POWERED PACEMAKERS

Derivation of the radiation dose to patients from implanted nuclear-powered pacemakers is based
on a study by Battelle Pacific Northwest Laboratories. The radiation doses from a Medtronic
model 9000 pulse generator containing 173.2 mg of plutonium of 90.14% by weight plutonium-238
(156.1 mg) and 0.26 ppm of plutonium-236 were determined.’! The dose-equivalents to various
organs from a pacemaker containing 250 mg of plutonium have been liuearly scaled from the
Battelle report and are given in Tables 3.1 and 3.2 fcr pacemakers located above the left
pectoral muscie and near the surface of the abdomen respectively. Additional information on
determining patient dose-equivalents has been abstracted from the Battelle study and is presented
in Appendix F. Information on the properties of the plutonium fuel and the fabrication of
plutonium sources is given in Appendix D. Derivation of radiation dose-equivalents to the
patients and to the public is based on fuel containing 0.26 ppm plutonium-236, which is tne
approximate assay of all plutonium used to date in pacemakers. Should the assay of plutonium-226
increase to 0.6 ppm (the maximum plutonium-236 impurity in the specifications for plutonium-238
by the pacemaker battery manufacturers), the gamma dose rate can double over a period of years,
as shown in Fig. F.5 in Appendix F. The net effect would be an increase by 25 to 50% in the
dose-equivalents (total gamma and neutron) to various organs, as shown in Tables 3.1 and 3.2.

3.2.1 Assessment of radiativn exposure to patients

There are four areas of concern relative to the radiation effects on patients: (1) the radia-
tion dose to tissues in immediate contact with the pacemaker, (2) dose to radiosensitive tissues
such as red bone marrow and gonads, (3) genetic effects, and (4) prenatal irradiation.

Dr, H., H. Rossi, Professor of Radiology, Radiological Physics Laboratorii.s, College of Physicians
and Surgeons of Columbia University, has addressed these four areas, and an abstract of his
conments follows:?

f;nrican Optical Co.; ARCO Medical Products Corp.; Coratomic, Inc.; Cordis Corp.; and
Medtronic, Inc.

Mhe marketplace will determine the eventual sales volume of the different manufacturers'
pacemakers. Also, improvements in thermal-electric conversion systems may reduce fuel loading.
A pacemaker containing 250 mg of plutorium is representative of the present market.

3-1
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Table 3.1, Dose equivalents 1o organs for 5-, 10-, 15-, and 20-year periods
frow a pulse generator that contains 250 mg of Puf, and is
located above the left pectoral muscle

Dose equivalent, rems (neutron and camma)

1 Loration 5 years 10 years 15 years 20 years
Thyroid 3.9 7.9 12.9 17.3
Left axiilary
lymph nodes 3.5 7.4 n.z 15.9
Right axillary
| lymph nodes 0.48 [ ¢ % 4 2.5
i Sternum 3.3 6.8 11.3 14.4
Left pectoral muscle
i (base of breast) 1.1 2.6 3.9 5.2
Right pectoral muscle
| base o1 braast) 0.45 1.2 .7 2.5
| Heart 1.0 2.5 : 4.6
| Liver 0.33 0.92 1.4 2.0
l Spleen 0.43 19 2.7 3.5
Stomach 0.42 | P 1.7 2.3
’ Left kidney 0.29 0.75 1.2 1.7
| Right kidney 0.27 0.69 1.1 1.6
| Left ovary 0.16 0.36 0.59 0.87
| Right ovary U.16 0.35 0.58 0.84
| Uterus 0.4 0.33 0.55 0.78
|
Testes 0.13 0.29 0.46 0.62
y Spine (average) 1.0 2.3 3.5 4.8
Tarso (average) 1.0 2.5 3.6 4.8
P Whole body (average) 0.52 1.4 1.9 2.6
‘|
| 1. Tissues in immediate contact with p-_emakers — This is the only category in which
the maximum permissible doses stipulated by NCRP and ICRP for radiation workers
might be exceeded. The term "might" is employed since the maximum for tissues other
than the critical ones is a limit for the average organ or tissue dose of 15 rems/year.
These limits have been sei with the expectation that effects could not be statistically
detected in a large population. The muscle and connective tissues in intimate con-
tact with the pacemaker are considered to be especially radiation resistant.® There
L is a great amount of experience relating to the irradiation of normal tissues in beams

| directed at malignancies. Usually the doses employed are several thousand rads,
although, in multiple-portal treatments and near the edge of the beam, lower doses
may also be imparted. These doses are invariably delivered at far higher time rates,
which should substantially increase their biological effectiveness. The incidence
of neoplasms in such tissues is extremely rare, and it is uncertain whether the few
cases on record are due to radiation. There appears to be an equally smati incidence
following surgery,* and, in a careful study,” no incidence of such neoplasms could be
found in individuals irradiated in infancy with acute doses up to 1000 rads.

Teukemia. However, the dose from the pacemaker is less than one-fifth of the dose
permitted for radiation workers and quite likely near that permitted for members of
the general population.

3. Gonads — Irradiation of the gonads is assumed to represent a genetic risk. According
to current estimates,®:” the dose that results in doubling the naturally occurring
genetic defects is about 100 rads. Doubling occurs if the gonads of all parents in a
population receive this dose prior to conception. In view of the smal] doses and the
small fraction of the reproductive population that can be expected to wear nuclear-
powered pacemakers, the hazard is miniscule. About 1% of the deleterious genetic

& ) '/ \
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effects are expressed in the first generation. In this case, only the dose to the
parents 15 of importance. Calculations indicate (even assuming that the pacemaker
is worn 20 years prior to reproduction) a maximum increase of 0.2% above naturally
occurring deficiencies in children of pacemaker patients.

4, anﬁl irradiation — During the nine-month gestation period the dose is less than
t recommen by NCRP.

Aside from the fact that no deleterious effects have appeared in patients using plutonium-
powered pacemakers, it should be noted that medical radiation exposures are 1ot subject to the
same radiation guidelines that are imposed on occupational radiation workers by NCRP, ICRP, and
NRC, because of the off-setting patient benefits from the use of radiation for medical purposes.
It may be noted that the diagnostic x-ray and fluoroscopic examination incidental to evaluation
and implantation of any pacemaker will deliver doss equivalents to many organs in excess of
those given in Tablec 3.1 and 3.2.

Table 3.2. Dose equivalents to organs for 5-, 10-, 15-, and 20-year periods
from a pulse generator that contains 250 mg of Pu0, and is
located on the left sice of the abdomen

Dose equivalent, rems (neutron and gamma)

Location 5 years 10 years 15 years 20 years
Thyroid 0.16 0.38 0.62 0.89
Left axillary

iymph nodes 0.27 0.72 1.1 1.6
Right axillary

1ymph nodes 0.23 0.55 0.9 1.3
Sternum 0.29 0.81 1.3 V.2
Left pectoral muscle

(base of breast) 0.26 0.68 1. 1.4
Right pectoral muscle

(base of breast) 0.25 0.61 0.98 1.4
Heart 0.55 1.4 2.0 r
Liver 0.72 1.8 2.7 3.5
Spleen 0.7 1.7 2.6 3.6
Stomach 1.6 3.5 5.2 7.2
Left kidney 1.3 3.0 4.6 6.1
Right kidney 0.85 Z.4 3.6 4.6
Left ovary 1.6 3.8 5.8 7.7
Right ovary 1.1 2.6 3.9 8.2
Uterus 0.77 2.0 2.9 3.8
Testes 0.42 1.2 1.7 2.3
Spine (average) 1.3 3.0 4.9 6.2
Torso (average) gl | 3.0 4.6 6.2
Whole body (average) 0.77 1.9 2.9 3.8

3.3 PUBLIC EXPOSURE FROM PACEMAKER PATIENTS

When a pacemaker is implanted in a patient, the radiation level at “he surface of the patient
(about 2 cm from the plutonium) is 1-Z millirems/hr. Since the radiation level decreases as
the inverse square of the distar.e, at 20 ¢cm (8 in.) from the patient's body *he radiation from

a pacemaker is less than the ambient background radiation. e 4 r:| 11

V£ ! L
The spouses of pacemaker patients will receive the largest radiation exposure, since their con-
tact with the patients is more frequent and closer than contacts by other persons. The average
exposure to the spouse from the patient is calculated to be 5 to 7.5 millirems/year, and most
of this exposure is received during the sleeping hours when the spouse is usually within a few
feet of the patient.® This exposure is relatively low compared with naturally occurring back-
ground radiation.
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A1l other individuals associating with pacemaker patients will be exposed to much lower levels
of radiatinn. Calculations of doses for various categories of people with whom pacemaker
patients are likely to come into cortact during their daily activities are shown in Table 3.3.

The radiation dose to the U.S. population from 10,000 pacemaker patients is 128 man-rems/year,
which is insignificant when compared with about 20,000,000 man-rems/year of natural background
radiation that is received by the same population. This additional radiation dose to the
individuals who are closely associated with patients is of little significance. The radiation
dose to the general public that is attributable to the presence of pacemaker patients will be
negligible.

Table 3.3. Radiation doses to critical groups from cardiac pacemakers
(Assuming 10,000 implanted cardiac pacemakers with plutonium batteries)

Individuai dose (millirems per

person per year) Total dose to group
Average dose (man-rems/year)
Natural Natural
Relationship to Group Dose from Medical background Dose fro:zb background
pacemaker patients population pacemakerd x rays radiation pacemake radiation
Spouses 6,430 5-7.5 73 102 42 646
Household members 8,950 1-1.5 73 102 12 912
Work associates” 72,000 0.1-0.2 73 102 10.5 7,344
Nonwork associates” 218,000 0.05-0.1 73 102 14.5 22,378
Total in U.S. populace
not included above <<0,01 73 102 49 21,400,000
P e

Total dose to U.S. population excluding dose to patients 128

“Dose will vary depending upon the plutonium content, fuel characteristics, and shielding effects
of a particular pacemaker model.

blnteguted dose using 4 Ci of plutonium which is the average amount of plutonium used in any
battery.

“A patient is predicted to associate with about 30 persons during his daily activities.
dy.5. population of 210,000,000.

3.3.1 Public risk resulting from exposure to pacemaker patients

The National Academy of Sciences — National Research Council (NAS-NRC) Advisory Committee on the
Biologica)l Effects of lonizing Radiations (BEIR) recently reviewed the extensive data on human
cancer mortality risks from exposure to fonizing radiation.” From these data, factors were
derived relating dose to estimated risk for various cancer types. The Conmittee's derivation
assumed that the human experience, largely with external irradiation at relatively high dose
rates and high total doses, could be linearly extrapclated to zero effect at zero dose. While
these cancer risk e<timators from the BEIR report have the advantage of being based on human
data, they share w _ th the animal studies the uncertainty of linear extrapolation from 7igh-dose
observations. In order to be particularly conservative, these BEIR report recommendations have
been used as risk estimators for this Envircnmental Statement despite the fact that many
scientists and the NCRP consider these estimators to be excessive.

Table 3.4 lists cancer mortality predictions for exposures to pacemakers, based on the BEIR

report risk estimators. The cancer risk estimator of 50-165 deaths per 1,000,000 man-rems is
used for external radiation exposures. As shown in Table 3.4, the risk of cancer induction in
non-patients from zxternal exposure to the plutonium in pacemakers is essentially zero.

2 e

3.4 EXPOSURES DURING PROMUCTION AND MANUFACTURE

The fabrication of nuclear-powered pacemakers is a multistep process. Generally, pacemaker
manufacturers buy the nuclear battery, which they attach to an electronic circuit and then
encase. The construction of the nuclear battery is part of routine industrial production per-
formed by occupational workers. Permissible occupational exposures of radiation workers are
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Radiation risks to critical groups from cardiac pacemakers

(Assuming 10,000 implanted cardiac pacemakers with plutonium batteries)

Individual risk

Chance of death

Radiation dose
Relationship to (illirems per Risk estimator per year per
pacemaker patient person per year) (deaths per rem) person at risk
Spouse 5-7.5 50-165 x 10°® 2.5-12.4 x 1077
Household member 1-1.5 50-155 x 10°% 0.5-2.5 x 10~7
Work associate 0.1-0.2 50-165 x 10°% 0.5-3.3 x 107¢
Nework associate 0.05-0."! 50-165 x 10°% 0.3-1.7 x 107%
Total group

Radiation dose Risk (additional

Relationship to to group Risk estimator deaths per
pacemaker patient (man-rems/year) (deaths per rem) year
Spouses 42 50-165 x 1076 2-7 x 1073
Housenold members 12 50-165 x 10-% 0.6-2 x 10-2
Work associates 10.5 50-165 x 10°% 0.5-1.7 x 1073
Nonwork associates 14.5 50-165 x .,°6 0.7-2.4 x 1073
U.S. populace 49 50-165 x 10-% 2.5-8 x 1073
Total 128 6-21 x 10°3

limited by NRC and Agreement State regulations, a J actual e po. ires of radiation workers are
usually only a small fraction of permissible exposures. It .ould be difficult if not impossible,
to measure the fraction of radiation exposure to the occupational workers that could be directly
attributable to the plutonium used in pacemakers; however, the workers will be covered under the
different plant<' radiation protection and monitoring programs.

3.5 EXPOSURES DURING IMPLANTATION AND REMOVAL

The surface dose rate from a pacemaker is about 5 to 15 milliremi/hr. The attachment of the
pacemaker to leads anoc the placement of the pacemaker into the prepared pocket usually requires
less than 10 min. The permissible occupational exposure to the hands and forearms of radiation
workers is 18,750 millirems per calendar quarier. Therefore, the implantation or removal of
pacemakers would add only a minute exposure to these individuals. Most of the tim required
for an implantation involves placement of the electrode leads and preparation of the surgical
pocket for the pacemaker, during which time the pacemaker is not in the operating arez.

3.6 EXPOSURES DURING TRANSPORTATION

The radiation exposure rate from a package used for shipment of plutonium-powered pacemakers is
less than 0.1 millirem/hr at the surface and is less than ambient background at a distance of

3 ft from the pacemaker. Plutonium-powered pacemakers meet the Department of Transpertation's
requirements for “special form" radicactive material (Sect. 173.394 of Title 49 Part 173, Code cf
Federal Regulations) and may be shipped in Type A packages designed to withstand normal conditions
o{ transport. ‘Pacml:ers are exempt from the prohibition in Public Law 94-79 against shipment of
plutonium by air,

In order to insure a shipment for more _-an $1000, the package is required to be more than 1 cv ft
in volume, Thus, for insurance reasons, the package used is larger than would be required by
transportation regulations for radiation safety, and the surface of the package is further from
the radiation source than would be the case for most shipments of equivalent quantities of radio-
isotopes. The shipment of several thousand pacemakers per year would add only an insignificant
amount of radiation exposure to transportation workers and the public. { -~ 4 F 5 7

& T ud
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3.7 HAZARD EVALUATION FOR PLUTONIUM-POWERED PACEMAKERS

The primary requirement for nuclear-powered pacemaker fuel capsules is that they be designed and
constructed to withstand the severe stresses in excess of those resulting from all credible
accidents. For that purpose, design criteria have been established by the Commission that require
each pacemaker manufacturer to demonstrate that his pacemaker unit, containing a nuclear iattery,
would successfully compiete specific tests which provide strisses that exceed those conce ivable
from such accidents.

Notwithstanding that fuel capsules, batteries, and pacemakers are designed and prototypes are
tested to standards that assure ~ontainment of the plutonium under all credible accidents, for
purposes of this Envirormentai Statement, certain vceaches of the containment have been assumed
in order to assess the radiation risks that would occur in the unlikely event of a fuel contain-
ment breach. A risk-logic mode! was developed to establish the probabilities of potential
hazards involving such postulated breaches. A block diagram of this model is presented in Fig,
3.1 (see pocket insert on back cover). This block diagram provides a delineation of potential
accidents, potential fuel capsule breaches, source terms, and population exposures for an
equilibrium population of 10,000 nuclear pacemaker patients.

In this assessment of risks, most situations have not occurred and/or data relative to pacemaker
patients are not available. Consequently, calculations are necessay ' ly based on approximations
of the probabilities relative to accident situations and notential fu=l containment breach.
Annual statistics are published in the United States that give relisble probability values for
the likelihood of the involvement of an individual in an automobile arcident. However, for
postulated events of very low likelihood, particularly where there are no data from actual events
(e.g., a plutonium release from a pacemaker), there is obviously no basis for statistical
analysis, The determination of the probabilities of accidents more severe than the spectrum of
design-base accidents (e.g., a fuel capsule breach) is necessarily a matter of judgment and
estimates. In this assessment it has been necessary to postulate numbers for probabilities of
fuel capsule breach and for losses of pacemakers For clarity, these postulated numbers are
enclosed in parentheses in Fig. 3.1.

=,7.1 Risk-logic mode!

This study assumes the yearly implantation of 1500 auclear-powered pacemakers to maintain an
equilibrium patient population of 10,000. Of the 1500 pacemaker implants 1300 are placed in new
patients to balance an equivalent number of deaths and cuu are replacements because of failure
or wearout (based on a 0.15% per month pacemaker failure rate).

The probabiifty that a pacemaker patient will be involved in a particular accident situation has
been estimated by scaling down accident statistics from mortality tables.® Accident statistics
from the 1968 mortality tables were used in the draft Statement since they were the most recent
available at that time. These same statistics are used in this final Statement for consistency
because more recent mortality tables do n~t appear to change the final assessments of risks. The
scaling factor is the ratio of the number of pacemaker patients to th> total population. Out of
a population of 10,000 patients, 6.6 are predicted to die each year as a result of violent
accidents, suicides, or natural disasters.

The remaining 1293.4 pacemakers removed from the deceased and the 200 repiacement implants are
treated on the iight-hand side of Fig. 3.1. Of the 1500 pacemaker remiv.is involved in the
annual program, 1472 are expected to be disposed of in a licensed facility and 26 to be accounted
fur by burial or cremation of the pacemaker intact. Therefore, the overall predicted probability
(p) of losses involves two pacemaiers annually (p = 1.3 x 10°%).

For the annual 6.6 patient deaths by violent means, Fig. 3.1 delineates the major forms of
disasters and the fraction of the 6.6 patients involved in each type of event. Fig. 3.2, an
excerpt from Fig. 3.1, illustrates the progressive development of the risk-1ogic model.

Prior to a further delineation of causative factors for the death of the 6.6 patients, note the
column in Fig. 3.1 that contains the numbers of annual deaths for specific events from a popuia-
th‘n]l o‘f approx:;;;cly 200,000,000 people. For example, 53,801 people were killed by vehicular
collistons in A
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PLUTONIUM POWERED
CARDIAC PACEMAKER RISK LOGIC MODEL

RISKS DUE TO AN EQUILIBRIUM
POPULATION OF 10,000 PACEMAKER IMATIENTS




pp—

22%x 107" 4341
——dF 1 PRIVATE DWELLING bty

22 waten TRANSPORT

2[7;1. TRANSPORT

14x 10" o 2742
———{F2 OTHER STRUCTURE}@—— |

13X 10 — 252
F3INFLAMMABLES |t il

3zxw? 642
— FaExPLOSHTS e

TOTAL 6—0

—— ——

30 [ T RANSPORTATION
ACCIDENTS

=

{ FIRE. ZXPLOSION

la

-

—{ SRR =

{GENERAL ACCIDENTS| @

0018

—{  suIciDE

J=

[ caracivom  Je-

'

[

1 ASSAULT

™

—d NAPEL

TOTAL 6o

Fig. 3.2.

e e, |
P
{ UNSPECIFHIED CAUS

PATIENT DEATH BY VIOLENT ACCIDENT |

N R —— L ——

ES 2515

SELF-INFLICTION OR CATACLYSM

ANNUAL PACEMAKE R
REMOVAL & REPLACEMEM

)

Example of risk-logic development.

=€



3-8

Following the specifiz c>ne f geath in th: jopulation, there is z further breakdown of the
number of subevents for .ne same 6.6 pavients. For example, the pacemaker patient deaths due to
fire 5: explosion are ' ineated 1n four blocks of the logic diagram as (1) private dwelling,
(2) other structure, (3) n¥" sebles, and (4) exp’osives. The predicted number of patient
deaths =+ year i_ shown 2 immediate left of the block, and the summation for the four
blocks J.4 (see Fig. 2).

The subgrouped elemenis were grouped according to the types of events that could potentially
cause a breach of the capsule. The two major types of events were classified as mechanical forces
(1eft side of accident subgroups in Fig. 3.1) and high temperature and ~orrosion (opposite side
of the accident subgroups). Tnese classifications are similar to thote being used by the Nuclear

Energy Agency.!?

The cumulative number of patients that would be subjected each year to forces that could poten-
tially cause a breach of capsule is shown before each of the boxes involved. Transportation
accidents are distinguished from the other mechanical forces by a separate heading. The effect
of these forces is extremely difficult to assess, because fatalities resulting from transportation
accidents may be caused by a combination of impact, penetration, percussion, and crush and are,
therefore, referred to as dynamic forces. The lethality of these forces will depend upon the
duration, area, and depth of their thrust. Reports show that the human body has the ability to
tolerate crushing loads on the chest between 1500 to 2500 1b wit out producing even moderate
injury.!'"%? The flesh of the body may absorb mrs: c¢f this energy, and any real danger to a
pacemaker will occur only if it is pinned between objects (e.g., under a vehicle).

Multiplying the postulated probability of breach per event by the number of patient deaths gives
the expected number of capsule breaches per year (e.g., for dynamic forces, a probability of
0.002 multiplied by three deaths per year gives 0.006 capsule breach per year). A probability was
established for the number of pacemakers that could be dismembered from the patients' bodies. The
pathway to this block on Fig. 3.1 shows a cumulative number of 26.44 pacemakers, Of this number,
there is an assumed probability that 25.72 would be found and 1.32 would be lost. The 26.44 pace-
makers is an accumulation of 26 patients' bodies that may be buried or cremated with their pace-
makers still intact and 0.44 patient's body unaccounted for after cataclysms or disasters.

The probability of a patient being lost in a natural disaster or an accident is based on compiled
statistics of bodies not being recovered after cataclysms.!® Most of the unrecovered bodies are
lost as a result of floods or hurricanes, and the disposition of these bodies is assumed to be in
an aquatic environment.

The risk-logic model indicated that, of 1500 pacemakers removed, 1498 will undergo controlled
disposal; of these, 1472 will be retrieved and shipped through appropriate channels to a

licensed facility for disposal, and the remainder will be buried. Food and Drug Administration
records of radiopharmaceutical shipments indicate that of 100,000 shipments one could not be
accounted for. Tn be conservative, the probability of loss was assumed to be 2 out of 10,000

(a factor of 20 greater). This factor multiplied by the number of shipments yields 0.3 pacemaker
per year. The lost pacemakers were then assumed to reach channels for bulk refuse disposal, which
could involve shredding and/or compacting. It was assumed that 5% of the lost pacemakers would
be breached by trash processing.

In summary, the following occurrences may prevent disposal of a pacemaker in a licensed facility:
(1) failure te remove the pacemaker following the death of the patient, (2) failure to recover
a patient's body following cataclysms or accident. or (3) loss in shipment.

If these pacemakers are Jost, they most likely will enter normal waste disposai :channels. The
most innocucus form of disposal will be in a sanitary landfill, where *“e pacemaker is expected
to remain intact in the ground. It is highly unlikely that the integrity of the capsule would
be breached in these environments. However, these pacemakers could be processed through
commercial waste disposal techniques such as incineration, shredding, or compacting. It is

in the realm of possibility that any one of these techniques could breach a fuel capsule.

In the evaluation o' the dispersion or movement of plutonium dioxide particulates (fines) into
the environment, “"source term" data are used. A "source term” is defined as the fraction and
form of radiocactive material that may escape from a breached capsuile under specified conditions.
This report uses four source terms for calculating the potential spread of plutonium; these

are for releases caused by mechanical forces, corrosion, high temperature, and waste processing.
Following each source-term box in Fig. 3.1, the calculated quantity of plutonium dioxide fines
is indicated in terms of its mass and its equivalent radicactivity. £ 2%
The source terms used in this Environmental Statement to describe plutonium releases were
established using data on breached plutonium dioxide fuel capsules that were developed unrer
research sponsored by the space nuclear program (SNP). Table 3.5 represents the mechani al
damage source term u.**’sed in an SNP study. Capsules containing sinter>d plutonium di,xide
pellets were impacted onto a concrete surface at a velocity of B4 m/sec. At the time of impact,
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the capsules were at a temperature of 1365°C. A 1.5 mm breach occurred in the capsule and only
0.3% of the fuel was released in the form of plutonium dioxide particulates that were smaller
than 177 um in size. Of the released material, 15% was in particles of respirable size, 10 un
or smaller, This study was deemed to be representative for the plutonium capsules used in
pacemakers.

Table 3.5. Mechanical damage source term
(250-mg sintered Pu0, fuel pellet, 0.3% release)

Particle size Weight Palease within patients body Assumed release to environment
(um) fraction (19) (uCi) (u9) (uCi)
177 0.00048 120 2040 12.0 204
125 0.00014 35 595 3.5 €0

74 0.00028 70 1180 7.0 119
44 0.00071 177 3010 17.7 n
3C 0.00052 130 2210 13.0 221
20 0.00042 105 1785 10.5 179
10 0.00029 73 1240 73 124
<10 0.00016 40 680 4.0 67

Jotal 0.003 750 12750 75.0 1275

The re.eased plutonium in the four previously described source terms has pathways to man via the
air, soil, and water. The important plutonium pathways to man are shown in the lower section of
Fig. 3.1. Individual discrimination factors (IDF) are provided for each medium-to-medium
plutonium transfer link and are defined as Ci/? (recipient) = Ci/g (donor) or as a fraction of
.ncident contamination taken up by recipients.'“ Critical exposure pathways are identified by
calculating the combined discrimination factor,

n
CDF = 1 (wr)i "
i=1

for intake of plutonium dioxide by inhalation and ingestion. The critical pathways for which the
combined discrimination factor has the largest value are indicated by heavy lines on Fig. 3.1.

The relative importance of each critical pathway is determined by considering the CDF for each
route in combination with (a) the relative amounts of piutonium that might be introduced into
the pathway by the raximum credible environmental release and (b) the relative extent to which
components of each pathway are utilized by the population. Hence, the most critical pathway is
identified as direct inhalation of airborne material. The second most critical pathway,

water, is considered significant only for soluble plutonium compounds!® (i.e., compounds other
than plutonium dioxide). The discrimination factor for drinking water will be mitigated by
filtration procedures at water-processing plants These glants are believed to remove most
plutonium dioxide fines, and the IDF is assumed to be '0"*. The principal conclusion of Fig. 3.1,
summarized in Table 3.6, is that the dose commitment to the entire U.S. population from one
year of availability of 10,000 pacemakers resulting from postulated releases of plutonium fines
is 15 man-vems. This is an exceedingly small fraction of the background radiation exposure to
the populace, which is about 20,000,000 man-rems per year.

3.7.2 Accident analysis

3.7.2.1 Cremation

The cremation of a patient without the removal of the pacemaker is deemed to be the incident most
likely to result in the dispersion of plutonium dioxide Yines to the environment. Therefore,
this incident was selected to demonstrate the methods used to establish the probabilities and
eventual source terms illustrated in Fig. 3.1.

The possibility of a fuel capsule breach resulting from high temperature will depend upon both
the temperature and duration of the pacemaker's exposure to high temperature. Thermal environ-
ments to which a pacemaker may be exposed are crematory furnaces, incinerators, and building
(or other) fires.
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Table 3.6. Plutonium-powered cardiac pacemaker risk assessment and radiclogical impact orn man

Integrated dose

Source of Expected Plutonium to populace Dose commitment
Route of pacemaker number of dioxide (50-year dose from 1-year
plutonium fuel capsule breacies released per commitment per availability,
entry breach per year breach (uCi) event) man-rems man-rems
Inhalation Thermal 5.4 x 1072 5,525 208 n
Ingestion Mechanical 1.6 x 1072 1,275 24 0.4
Ingestion Corrosion 0 85 0 0
Ir-astion Trash process 1.5 x 10~ 35,700 24 3.6 ,‘
Total 15

“per year.

The probability of fuel capsule breach in a crematory furnace is dep=ndent upon the following |
factors: (1) the probabili y of patient death per year (p = 0.13), .2) the probability of crema- \
tion after death (p = 0.08), (3) the probability that the pacemaker will not be removed prior ‘
to cremation (p = 0.02), and (4) the probability that the cr.matory furnace may exceed the pro-

totype test temperature for a sufficient period of time to rupture the fuel capsule (p = 0.025).

These four probabilities combine to an overall expectation of one breach in 20 vears from 10,000

patients, Figure 3.3 is abstracted from Fig. 3.1 to show the risk logic for a fuel capsule breach

during cremation.

Using information from 1ife tables in the United States'® and age distribution of pacemaker
patients,!” the proportion of patient deaths per year is estimated to be 13%; that is, there will
be approximately 1300 patient deaths per year in an equilibrium pacemaker population of 10,000
pacemaker patients (see Fig. 3.1). If approximately 8% of those who die are cremated, about 100
patient bodies will be cremated each year. Note, it is recognized that the present age distribu-
tion of nuclear pacemaker patients is different then the age distribution used above. This is
in part due to protocol restriction of the investigational programs. Pacemaker patient age
distributions are discussed in detail in Sect. 4.

Data furnished by the Cremation Association of America'® show a steadily increasing percentage
of bodies being cremated in the United States. Approximately 4.4% of the bodies from deaths
occuring in 1968 were cremited by member crematories. The associdtion represents about 75-90%
of the crematories in the United States. Using these data, it is believed that 8% is a high
estimate of bodies currently being cremat i. However, factors such as a scarcity of cemetery
plots may result in increases in the number of bodies being cremated in the future. In England,
for example, over 50% of the bodies are currently being .remated.!?

Although 100 patients may be cremated each year, there is a high probability that a pacemaker will
be removed prior to disposition of the body. Control measures require that pacemaker patients
carry identification cards and jewelry in order to be easily recognized as nuclear-powered pace-
maker patients. The effectiveness of this control program will depend upon the recognition by
physicians, coroners, and morticians of their responsibilities for retrieving and returning the
pacemaker to appropriate autherities.

Bodies to be cremated are enclosed in a coffin of wood or other combustible material and are
placed directly on the firebrick floor of the furnace. The flame jets are generally lo.ated in
the top of the furnace pointed downward or in 3 trench in the furnace floor angled upward. In
such an arrangement, with large quantities of air passing through, there is often a temperature
differential of several hundred degrees between ti2 hottest and coldest regions. The temperature
to whi=h a pacemaker may be exposed depends mainly on its location with respect to the flame.

In 63 a-tual measurements of temperatures in 37 different crematory furnaces, the highest of

62 temperature readings in 36 of these furnaces was found to be 1200°C, and the average tempera-
ture measured was 1120°C. One furnace was measured to be 1370°C, but on a second test this
furnace produced a peak reading of 1150°C.

The usual cremation cycle is 2 hr; maximum temperature is reached in 15-35 min after the start
and is maintained for about 90 min, NRC and NEA criteria require that prototype pacemakers with-
stand a temperature of 1300°C (2372°F) for 90 min without allowing fuel to escape. This is
believed to provide sufficient conservatism to assure capsule integrity. However, on the pre-
sumption of a breach, the dispersal of plutonium dioxide fuel has been calculated using test data
from the space nuclear systems program (see Table 3.7). In these tests, a plutonium fuel capsule
was breached following 2145 hr of heating at 1420°C. The breach resulted in the release of 0.13%
of the fuel in particulate form, and 7% of the released material was in particles of respirable
size (10 ym or smaller). The temperature and time necessary to deliberately breach this capsuie
are much greater than the temperature and time conditicns of cremation. ;e f 2q
b2 ' 20
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Table 3.7. High-temperature source term

(25u-mg sintered !’uo2 pellet, 0.13% released over 1 w)

Particle size Weight Settiing velocity Release into atmos
(um) fraction (cm/sec) micrograms microcuries -5 crocuries pe:
second
177 0.0002 76.0 50 850 0.24
125 0.0002 49.0 50 850 0.24
74 0.0002 22.0 50 850 0.24
45 0.0002 15.2 50 850 0.22
30 0.0001 9.5 25 425 0.12
20 0.0001 3.8 25 425 0.12
10% 0.0002 0.92 50 ge 0.24
<107 0.00002 0.16 5 85 0.03
<4* 0.00008 0.01 20 _340 0.10
Total 0.0013 325 5525

“Respirable size (75 ug, 1275 uCi).
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Assuming release of plutonium dioxide from a pacemaker containing 250 ma of fuel to be the same
pe-centage as the release from the test source, the maximum dose to an individual in the vicinity
of a crematorium from the plutonium digﬂde released by a single breach is calculated to be

175 millirems (50-year dose comnitment*). This dose would be incurred by an individual exposed
in the gaseous plume at a distance of 200-250 m.

The Gaussian plume model developed by Pasquill and Gifford is used to calculate downwind ground-
ievel plutonium concentrations. These concentrations are calculated from a computer code given
a settling velocity and release rate for plutonium fines.!5~19 A 10-m stack height for the
crematorium is assumed. Zero plume rise is uted, since this will result in least dispersion and
will yield a maximum radiation dose to an individual. Nearly neutral weather stability and a
wind velocity of 4 m/sec are used in the calculation, since they are reasonably representative
of average U.S. meteorological condiciuns. The wind direction i+ immaterial, since the crema-
torium is assumed to be located within an area where the populacion density is isotropic.

The inha'ation model empluyed to calculate the dose is a mathematical representation of the lung
model developed by the ICRP Task Group on Lung Dynamics.’” Not all of the plutonium dioxide
fines in the ambient air taken through the respiratory system will be deposited in the lung.

Many particies will be filtered out in the nose, mouth, or tracheobronchial regions, while
larger particles may be aerodynamically excluded from entering the nose. The quantity of the

' material deposited in the respiratory system will be a function of the concertration of the
material in the air, a depletion factor for the air due to the settling velocity of the particle,
and the fraction of the material deposited once inhaled. The depletion factor is based on the
presumpticn that if the fall velocity of a pa. .icle is greater than the velocity of air through
the ~.ose during inhalation, the particle wil] not be inhaled, The particles that are settling L
sufficiently slowly in the air to be inha.ed but are larger than 10 um will be filtered out and
deposited in the nose. Hence, the quantity of inhalable material that may reach the gulmonary
region of the lung is determined by the number of particles 10 um in size or smaller.2? The
results of these calculations ure shown in Figs. 3.4 and 3.5 and are summarized in Table 3.8.

The maximum 50-year dose commitment of 175 millirems to an individual exposed to plutonium dioxide
particles is to the bone, which is the part of the body that receives the highest dose from
iniiuled plutonium. The average 50-year dose commitment (bone) to individuals exposed to particles
of plutonium in the gaseous plume out to 2000 m from the crematorium is 4 millirems. These
maximum and average doses are wel! below the 5000-millirem dose an individual would receive from
background radiation over a S0-year period.

late the total radiologica: impact within the area of the plume. Population densities in the
United States vary over a broad range, as shown in Table 3.9. The average metropolitan popula-
tion density (1760 people/sq km) is chosen as representative of the population density of cities
in which crematoria are located. The total 50-year dose commitment (bone) to an average metro-
politan population exposed in the sector downwind from the crematorium within a radius of 2000 m
is 205 man-rems per postulated breach. The population in this sector is 4500 persons and the
50-year natural background dose to this population is 22,500 man-rems. The population of this
sector is about 0.002% of the U.S. population, and the dose commitment to this population from

a breach would be approximately 1% of their ambient background dose.

For the summary in Sect. 4, an annual dose commitment to the populace from one year of availability
of 10,000 nuclear pacemakers is calculated by mu'tiplying the 50-year dose commitment by the
expected number of breaches per year. This would be about 15 man-rems per year per 10,060 pace-
maker patients (Table 3.6). It is noted, however, that crematoria are usually located in
cemeteries and operated by cemetery owners Consequently, the region of maximum plutonium
concentration (200 to 250 m) may be within the cemetery grounds, thus significantly reducing
radiological consequences to the populace.

3.7.2.2 Transportation accidents and firearms

Two accident situations in which mechanical forces are exerted on a pacemaker and/or fue) capsule
will be discussed briefly: (1) transportation accidents, which account for more deaths than any
other group of accidents, and (2) firearms, impact of firearm bullets being the most credible

accident to which a pacemaker cou.d be exposed and suffer extensive mechanical damage and breach.

Although it was not required, several manufacturers have subjected their pacemakers to firearm

Data from Fig. 3.5 on individual doses are combined with data on population densities to calcu-
ballistic tests.?!"23 Fuel capsules maintained their integrity in tests us 19 type
. ity in st s oo 2

’The 50-year dose commitment is the radiation exposure that will be received over a 50-year
period as a result of one event, taking into account the retention of plutonium in the body,
the portion eliminated, the radioactive decay of the plutonium, and the buildup of the radio-
isotopes into which plutonium decays. |
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Table 3.8. Summary of radiation doses
postulated pacemaker breach
in a crematory furnace

from a

Organ Individua! dose Total exposure Total exposure from
(millirems) (man-rems ) 1-year avaflability
(man-rems )
Lung i 0.054
Liver 4 0.22
Bone 205 n
Gonads 33 0.070
“Maximum individual dose, 175 millirems.
Table 3.8, Population densities
City Rank Density
(people/km?)
Large metropolitan area
New York, N.Y. 1 10,188
Los Angeles, Calif. 2 2,349
Chicago, I11. 3 5,850
Philadelphia, Pa. 4 5,865
Detroit, Mich. 5 4,236
Average 5,700
Average metropolitan area
Grand Rapids, Mich. 65 1,702
Syracuse, N.Y, 66 2,956
Flint, Mich. 67 2,279
Mobile, Ala. 68 630
Shreveport, La. 69 1,238
Average 1,760
Average U.S. land area
Average 22
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handguns, shotguns, and low-caliver rifles, and they were breached only upon direct hits by
high-powered hunting rifles such as the .30-06 caliber,

Analysis of firearm-related deaths shows that 85: of the deaths are cavsed by handguns, 8% by
shotguns, ..5% by .£2-caliber rifles, and 2.5% by other types of rifles.”* Almost all of the
suicide deaths are caused by handguns, most of the fatal injuries being inflicted to the head
area, and 82% of all fatal firearm-related assaults involve the use of handguns. Ten per.ent
of firearm-related deaths are accidental; and of these, 37% are caused by handguns, 33% by shot-
guns, and the remaining deaths by rifle.

The most penetrating .22-caliber long-rifle ammunition develops a muzzle energy of 285 J. Since
this energy is well below that produced by handgun (1560 J) and shotgun (3370 J) loads, capsule
penetration by a .22-caliber rifle is highly unlikely.

Deaths from high-powered rifies account for 2.5% of all firearm-related fatalities (approximately
1.2 predicted patient deaths per year for 10,000 implants). The maximum number of predicted
patient deaths that would be caused by high-powered rifles is 0.03 per year. If the fuel capsule
were to breach when struck by a projectile from a high-powered rifle, the frequency of occurrence,
patient deaths times the probability of directly striking the fuel capsule, would be once every
17,000 years. The probability of a firearm projectile directly hitting a pacemaker's fuel
capsule is calculated from the ratio of the surface area of the capsule to the vital surface

area of an adult (head and trunk regions). The plutonium dioxide fines would most likely be
confined to the body of the patient and/or his blood and would not spread to present a radio-
logical problem.

Detailed interest has been concentrated on studying the mechanics of the stresses resulting
from severe transportation accidents. For example, theoretical analysis shows that a 700-mph
impact velocity of a patient against aircraft materials in the crash of a plane against rock is
equivalent to impacting a plutonium fuel capsule into granite at a velocity of 64 m/sec.?5
Energy is absorbed by intervening materials on the plane, by the body of the patient, and by the
pacemaker housing and materials. Such accidents would rarely occur, and velocities involved in
actual accidents are likely to be considerably less than 700 mph. This example is presented

to illustrate the relatively low energy of the stresses on a fuel capsule in even the most severe
accidents. Three significant points can be made: (1) even under the most severe hypnthetical
transportation accidents the actual impact the fuel capsule will experience is “mall relative
to the apparent velocities involved, (2) although fuel capsules are required to be impact tested
at 50 m/sec, some manufacturers have tested theirs at speeds greater than 70 m/sec, without a
subsequent breach, and (3) any plutonium dioxide fines that may escape from a pacemaker assembly
will most likely remain confined to the body of the patient.

In summary, the design criteria for pacemaker fuel capsules and fuel form are comprehensive and
have a large inherent margin of safety.

3.8 RADIOBIOLOGICAL HAZARDS OF PLUTONIUM

Before the world's supply of plutonium was as much as 1 g, research on the radiobiclogical
hazards of plutonium had been started. The radiobiological hazards of plutonium have been the
subject of continuing research under the atomic energy program, and an extensive body of infor-
mation now exists as the result of 30 years' work by many scientists.

Except in highly specialized and relatively uncommon situations, the greatest radiobiological
hazard from plutonium results from its presence inside the body. The most likely routes of
intake into the body are (a) deposition in the lung via inhalation and subseguent absorption
into body fluids from the lung, (b) absorption through the skin or entry through wounds, and
(c) ingestion and subsequent absorption from the gastrointestinal tract. The route of entry of
plutonium into the body has a significant effect on its deposition and distribution in tissues
(particularly bone).

Experiments with laboratory animals ha - identified the general metabolic behavior of the pluto-
nium compounds. When plutonium compoL .s are injected intravenously, they deposit primfily in
the liver and skeleton; but, when ingested, only very small quantities are absorbed and depasited
in the liver and skeleton. Inhaled plutonium that is deposited in lung tissue is retained for a
variable time period related to the solubility of the inhaled material. The material that leaves
the lung is translocated to thoracic lymph nodes, the liver, or the skeleton. Lesser burdens
have been detected in the thyroid gland, kidney~, and other soft tissues,

Existing laboratory animal data indicate that the lungs, the liver, and the skeletal system are

most likely to suffer either neoplastic or degenerative changes. No significant health conse-

quences have been shown to occur in other organc or tissues. Although the gastrointestinal tract

and the bone marrow receive some exposure, the dose commitment to these tissues is 1/1000 to

1/100,000 of that to the skeletal system, liver, and lungs. 74 {} q (_)
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The ntititative estimation of the expected pathological risks uses data derived from medical,
accidental, or occupational exposure of humans to different radiation sources, These studies
have beer surmarized recently by a NAS-NRC committee’ and by the United Nations Scientific
Comnittee on the Effects of Atomic Radiation,® Both reports have arrived at comparable risk
estimates of the expected mortality from radiation-induced cancer, but the NAS-NRC document,
referred to as the BEIR report (Sect. 3.3.1), presents these estimates in a form that is more
appripriate to the estimation of risks in populations that include the normai age distribution.
The: :fore, to be conservative, the BEIR report has been used as the source document for this
Statement with respect to cancer risk estimates despite the fact that many scientists and the
NCRP consider its risk estimates to be excessive.

The BEIR _eport was also used to derive genetic risks that might be attribuled to irradiation of
the gonads. Genetic risks are translated entirely from experience with external irradiation of
laboratory animals., However, the available 1imited human experience with external! irradiation is
consistent with these observations.’

The purpose of this section is to determine whether the effects on humans of postulated plutonium
releases from the use of nuclear pacemakers constitute @ risk. This risk is unfamiliar and has
certain unusual features., For this reason, it is a cause of public concern and deserves special
attention. Among the unusual features of this risk are the “)1lowing: (1) control of and
accountability for the nuclear material used in these pacemakers cannot be absolutely assured;
(2) the radioactive half-life of plutonium is long, and risks may persist for several hundred
years; (3) alchough the toxicity of these materials is well demonstrated in experiment animals,
there is less direct knowledge of its effects in man; and (4) such effects as might conceivably
occur will be indistinguishable from the norma! i11s of mankind, Some of these and other related
concerns were expressed by many who commented on the plutonium toxicity problem 1> the DES and
the LMFBR Environmental Statement,“® For this reason, much of the material in this subsection
is abstracted from the LMFBR Environmental Statement,

Since no restrictions will be placed on the movements of nuclear pacemaker patients, rigorous
design criteria are imposed on the fabrication of the fuel] .apsules (Sect. 2.3) to ensure fuel
capsule integrity under all credible accident conditions. However, for redundant protection in
the unlikely event that a fuel capsule would be ruptured, additional restrictions are placed on
fuel form to mitigate any fhiealth impacts., An extensive accident analysis was performed, and
man-rem dose estimates were determined (Sect. 3.7),

The estimation of health consequences, based on the risk-logic model prediction of radionuclide
accumulation in the environment and in man, is an uncertain procedure because of the very low
exposure levels predicted, the lack of direct experimental data on effects at these low exposure
levels, and the lack of any well-established mechanism of effect on the basis of which one might
extrapolate from data obtained at much higr »r exposure levels. Therefore, predictions of risk
have been based on comparison of predicted radiation doses in man with the dose-response data
from animal experiments with plutonium and with the dose-response data from human exposure to
other forms of radiation, Relative risk comparisons involving fewer extrapolation uncertain-
ties have been made botween the predicted doses due to releases from nuclear pacemakers, exposure
*o particulate plutenium from weapons test fallout, and exposure to natural background radiation.
These comparisons of health consequences are summarized in this section.

3.8,1 Metabolism and dosimetry n man

With a few excepticns noted below, the assumptions of the International Commission on Radiologi-
cal Protection (ICR?) are used for modeling the behavior of plutonium in man and for calculating
radiation doses to crgans, 20,27-28

For the case of inhaled radiinuclides, the ICRP lung model distinguishes between various solu-
bility categor es.?® For caiculating the dose to the lungs, plutonium dioxide particles fall

in the least soluble class, thus maximizing retention in the lungs and thoracic lymph nodes and,
consequentiy, maximizing radiation doses to these organs, In accordance with the ICRP, it s
assumed that 1 x 10~% of ingested plutonium dioxide will be absorbed from the gastrointestinail
tract, and, of the plutonium translocated to the systemic circulation system, 45% is deposited
in bone and 45%¢ in the liver; the material in bone is retained with a half-time of 100 years
and the material in liver with a half-time of 40 years. All of these numbers conform to ICRP
recommendations,?®

Using the dose calculation procedures of the ICRP, estimates were made of the total 50-year dose
commitment to several organs resulting from the inhaled and ingested fractions of the initial
source term. Briefly, the calculations consider the physical decay and biological retention of
the radionuclide, including daughter radionuclides where pertinent, and sum the dose over 50 years
following initial deposition. Dose estimates for lung, bone, and liver are calculated, but only
the bone doses are shown in Fig. 3.1 since bone is considered to be the critical organ.
e
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3.8.2 Estimates of health effects

The various estimates of exposure to plutonium released from nuclear-powered pacemakers are
sumnarized in Fig. 3.1. Relating these estimates to health effects must necessarily be done
indirectly, since, in spitc of the occupational exposures to plutonium discussed in Section 3.8.3
below, there are no observed health effects from transuranic elements in man. The relationship
must also be quite uncertain, since the estimated levels of exposure arc far lower than can be
studied experimentally, and since no proven theory exists to support the prediction of radiation
effects at such levels. A number of comparisons have been made, however, that give an indication
of the probable magnitude of the effects (ref. 26, Appendix 11.6.5).

3.8.2.1 Comparison with current levels of alpha emitters

Radiation doses from the naturally occurring alpha-mittiga radionuclides dwarf those from
either fallout plutonium or predicted pacemaker releases. The averag:, lifetime, dose-
equivalent to an individual from internally deposited naturally occurring alpha emitters is
about 1 man-rem, compared with lifetime dose commitments of about 0.01 mgn-gsm from
postulated pacemaker releases and plutonium fallout from weapons tests.Zb,

Compared with the global effects of plutonium fallout from weapons tests or naturally
occurring alpha emitters, the effects of plutoenium {ioxide released from . pacemaker branch
in a crematorium would be restricted to an area of about five acres and could involve as
many as 4000 to 5000 people. The dose commitment to these individuals would be approximately
equivalent to the dose commitment resulting from global plutonium fallout,

These comparisons provide no measure of the absolute risk of health effects of plutonium
releases from pacemakers, but they indicate that such effects will be small compared with the
effects of fallout plutonium. They also suggest that any effects from pacemaker releases
would be obscured by a larger incidence of effects resulting from naturally occurring alpha
emitters, if any effects are to be expected from any of these sources.

3.8.2.2 Comparison with aninal toxicity studies

Direct information on the toxicity of plut~aium is available only from studies of experimental
animals. Literature suggests that the biological effects observed in such animal experiments
will approximate those that would occur in man if exposed under the same conditions. For this
reason, it is justifiable to look to the results from extensive animal experimentation for guid-
ance in estimating the health risks from exposure of man to transuranic elements.

These studies (reviewcd in ref. 26, Appendix 11.G.3) suggest that bone and lung cancers are the
most important effects of exposure to the Towest levels of radiation from transuranic elements
studied.’! The levels employed in these studies were much higher, however, than the estimated
exposure from pacemaker releases. The lowest average radiation dose to tissue that has shown a
significantly increased cancer incidonce in experimental animals s about 300 rems to lung and
1500 rems to bone, doses that are about 10,000 times the estimated average lifetime dose tc a
resident of the United States from plutenium releases from pacemakers., The dose to any given
individual may be larger or smaller than the average but is, in any case, much lower than the
smallest doses that have produced observable effects in animals. To extrapolate over this range
of doses without a proven theory relating dose to effect is clearly a very uncertain operation.
At present there is little choice but to conservatively assume that health effects are linearly
related to dose. Such linear projections were used in obtaining the cancer risk estimates
summarized in Table 3.10. The data on which these estimates are based are summarized in ref. 26,
Appendix 11.G.5.3.

The reasanable agreement between statistics relating to the few species for which data are avail-
able, particularly with respect to bone cancer incidence, lends some credence to the usefulress
of the risk estimates in Table 3.10. However, guantitative extrapolation of the results of ani-
mal experiments to man is uncertain. For example, in the case of radium-226, where cancer risks
can be computed for both experimental animals and men, the risk to man per rem is only one-tenth
of the risk to dogs or mice.3?

Animal data on liver cancers are too limited to permit dose-response estimates, but liver cancers
seem less probable than bone or lung cancers. Despite the relatively high radiation doses to
thoracic lymph nodes, there is no indication from animal studies of significant tumor production
in the lymphatic system.

¢
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Taple 3.10. Cancer incidence predictions based cn plutonium toxicity studies in experimental animals

Animal data® Predictions for er rel
Pu compound Per postulated %r year ;
and route of Increased cancer release availabi Ez
Animal administration incidence per rem “Man-rems? Cancer® n-rems. ance
Bone exposure
Dog citrate, - .
intravenous 7 x 1078 205 1.4 x 1072 11 7.7 x 107
Mouse citrate, 2 x 1079 4.0 x 1973 2.0 x W
intravenous
Lung exposure
Dog nxide, N . o
inhaled 7 x 1075 1 7 x 1079 0.6 4.2 x 107°
Rat Pu-238 oxide, - - L
inhaled 7 x 107" 7 x 107% 4.2 x 107

“Condensed from Tables I1.G6.5-9, Appendix I11.6.5.3, LMFBR FES, WASH-1535.

bFrom Table 3.8.

“Product of columns 3 and 4.
dProduct of columns 3 and 6.
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3.8.2.3 Comparison with human cancer risk data

The National Academy of Sciences - National Research Council Advisory Committee on the Biological
Effects of lonizing Radiations (BEIR) recently reviewed the extensive data on human cancer mor-
tality risks from exposure to ionizing radiation.” Fren these data the committee derived factors
relating dose to estimated risk for various cancer types Their derivation assumed that the
human experience, largely with external irradiation at re,atively high dose rates and high total
doses, could be linearly extrapolated to zero effect at zero dose, While these cancer risk
estimators from the BEIR report have the advantage of being based on human data, they share with
the animal studies the conservatism of linear extrapolation from high-dose observations.

Table 3.11 lists cancer mortality predictions for pacemaker releases. based on the BEIR report
risk estimators. The rather close agreement between these estimates ind the estimates from
animal data in Table 3.10 should not be taken as evidence for the absinlute accuracy of the esti-
mates. The agreement more likely reflects the assumptions made in tre derivation of both esti-
mates, especially the assumption of a linear mechanism of effects. devertheless, the agreement
increases the confidence with which the results from animal experirents are applied to the
prediction of health effects in human beings. However, to establish the validity of this
application requires further animal and human data from comparable exposure situations.

3.8.2.4 Comparison with genetic risk data

The genatic risks include the full spectrum of genetic defects that occur in the United States
and other nations. Their effects upon the carrier may range from lethality at or near birth to
minor metabolic consequences that may be nearly undetectable. The genetic specirum ranges from
dominant single-gene mutants, whose effects may be categorically recognized, to subtle genetic
contributions to disease conditions that are predominantly of environmental or nongenetic origin.
As a consequence, it is not appropriate to compare or equate estimates of jenetic risk directly
with the cancer risks. The latter are health consequences where case incidence and case mortal-
ity are substantially one-to-one. (This is certainly the situation for the lung and bone cancer
risks described in this Statement, though it is not the situation for many other cancers that
are known to have a lower risk of mortality.) This disparity between genetic and cancer risks
is further clarified by noting that the genetic risk estimate incorporates two distinctly differ-
ent types of genetic defects.” The first relates to categorical or specitic genetic conditions
usually attributed to single genes; and, the second type of genmetic disability concerns the
diseases of complex etiology, such as congenital anomalies and constitutional or metabolic dis-
eases, that have an obscure genetic comoonent. The uncertainty of risk estimation has a tenfold
range for both types that is a function of the uncertain’, of the wagnitude of the genetic
doubling dose. The second type of defect has an additicial tenfold uncertainty (100-fold total)
attributable to the lack of precise knowledge of the magnitude of the genetic component. Some
of this uncertainty may have been resolved by recent data reported by Newcombe, who suggests a
total risk of hereditary defects of 20 x 10°° per man-rem.?? Table 3.12 lists predictions of
genetic defects attributable to plutonium releases from pacemakers, based on the two BEIR cate-
gories and on Newcombe's more recent data.

3.8.3 Human experience*

Over the years a number of workers in the nuclear industry have received exposures that have
resulted in detectable plutonium deposition. Some exposures have led to deposition at or above
the maximam permissible body or lung burden. In spite of uncertainty in measurements of deposi-
tion because of technolojical difficulties, studies conducted on such workers represent a valu-
able information resource. Relevant data for this Transuranium Registry are now being accumu-
lated for later study. These investigations are described briefly in this section.

Estimates of the average accumulation of plutonium in the world population from previous and
current atmospheric detonations of nucléar weapons are also presented here.

3.8.3.1 Followup studies of plutonium deposition cases

Personnel e>posures date to the period shortly after the discovery of plutonium three decades
ago. One group of persons who were exposed at the Los Alamos Scientific Laboratory (LASL) has

been studied at intervals since 1945 and is of sufficient interest to be described in som  *ail.

*Abstracted in part from GESMO (ref. 34).
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Table 3.11. Cancer mortality predictions for plutonium pacemakers based on human irradiation experience

Tumor Risk Cancer dea Per pacemaker breach
type  model@ per man- Man-rems in cremato _Per year of availabili
RESTeVonat omcar Sithe® Won-vime - TSITEioasT tancer
Lung Absolute 16 x 107% 1 1.6 x 1078 0.08 1.3 x 1076
Relative 110 x 107% 1 1.1 x 107% 0.08 8.8 x 107%
Bone Absolute 2 x 107 205 4.1 x 107 16.6 3.3 x 107°%
Relative 71 x 107% 208 1.5 x 1072 16.6 1.2.x 1073 §
Liver Absnlute 1x 1078 ’ 4 x 10-% 0.03 3 x 10-8
Relative 7 x 107 4 2.8 x 1075 0.03 2.1 x 107

“Tze different assumptions of these two models are explained in the BEIR report and in Appendix 11.6.5.4
of WASH-1535.

b‘rhe risk estimates for lung and bone are taken directly from the BEIR report. No risk estimate for
Tiver cancer 1s given in the BEIR report. The values listed were derived by procedures described in
Appendix 11.6.5.4 of WASH-1535.

“Product of columns 3 and 4.
dProduct of columns 3 and 6.
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Table 3.12. Predictions of genetic d-fects

—_——

For pacemaker hreact Per year of
in_crematory availability
Incidence Man-rems Genetic Man-rems Genetic
Type of risk per man-rem  to gomads®  defects? to gonads®  defects®
Specific genetic defect?
Lower limit of estimate 50 x 107¢ 1.3 6.5 x 107% 0.07 3.5 x 1078
Upper limit of estimate 500 x 1076 1.3 6.5 x 107% 0.07 3.5 x 10-%
Defects with complex etiology?
Lower limit of estimate 10 x 107 1.3 1.3 x 1075 0.7 0.7 2 1078
Upper limit of estimate 1000 x 107¢ 1.3 1.3 x 1073 0.07 0.7 x 107"
Newconbe estimate of total -
genetic defects® 20 x 1076 1.3 2.6 x 1075 0.07 1.4 x 1078

“From Tme' 3.8,

Pproduct of colums 2 and 3.
“Product of columns 2 ang 5.
“Estimates from BEIR Report.
“Estimate of H. B. Newcombe.

£2-t



R S ——

e W —

e e e e e e e i

3-24

The group consists of 25 male subjects who worked with plutonium during World War 1] under very
crude working conditions judged by current standards. Twenty-one of these men have recently had
complete physical examinations at LASL. In addition to physical examinations and laboratory
studfes (complete blood count, bloed chemistry profile, and urinalysis), roentgenograms were
taken of the chest, pelvis, knees, and teeth. Chromosomes of lymphocytes cultured from peri-
pheral blood and cells shed from the pulmonary tract were also studied. Urine specimens assayed
for plutonfum yielded calculated body burdens that ranged from 0.005 to 0.42 uCi. These esti-
mates of body burden were generully higher than earlier estimates based on radioassay of urine
samples performed many years ago, perhaps reflecting uncertainties in the models used to estimate
body burden from excretion data.

To date, none of the medical findings in the group tan be attributed to internally deposited
piutonium, Except for the ailments that one would expect in a group of men who are mostiy in
their ear?, fifties, all subjects examined were in reasonably good health and were actively
working. Of tre orizinal group, one man had previously suffered an ccclusion but recovered.
Another of the original group diad in 1959 (at age 38) from a coronary occlusion. Another had
a benigr .omatoma of the lung, which was removed surgically without complication in 1977, &k
third ha? a ma'iguant melanoma of the chest wall, the regional lymph nodes showed no malignancy.
A fourth had a partial gastrectomy for a bleeding ulcer. Several have mild hypertension and
moderate obesity, and one has gout.

3.8.3.2 Analysis of plutonium in tissues not included in the Transuranium Registry

The collection and analysis of tissues from the genera. and non-registry worker jopulation is
conducted by Pacific Northwast Laboratory (PNL) and LASL. Tissue analysis has been completed on
about 376 autopsies at PNL, all on individuals who died in the Richland area. Los Alamos
Scientific Laboratory has obtained tissues from 512 autopsies in several geograpnic areas. The
fo,lowing are the locations and numbers of autopsies for which specimens have been analyzed at
LASL: Los Alamos area, 170; New Mexico, other than Los Alamos, 104; Colorade, 173; New York,
236; Savannah River area, 21; Chicago, 6; Oak Ridge, 2. In addition to members of the general
popv 'ation, these autopsies included 160 workers at Hanford and 75 at Los Alamos, some of whom
were exposed to plutonium in their work. Since these employees were not enrclled in the registry
prior to death, they are not included in the registry statistics.

No effects attributable to plutonium have been observed in any of the human populations studied.

However, the studies are r-cognized toc be incomplete in view of the brief follow-up period
(30-year maximum) and the small numbers of humans definitively siudied to date.

3.8.3.3 Plutonium levels in the general population

Flutonium is currently present in extremely small quantities in various organs of the human body.
Although dissemination of most of the widely distributed plutonium resulted from atmospneric
testing of nuclear weapons by several countries prior to the 1963 )imited test ban, some material
from contemporary atmospheric weapons testing by China and France has added to the total human
purden. Currently, the median plutonium Tung burden of persons in the United States 15 estimated
to be about 0.4 pCi (1 pCi = 10722 Ci). A rough estimate of the average amount in the entire
body is about 5 pCi. Estimates of the total release of plutonium from weapons testing vary. A
value of about 0.5 MCi (1 MCi = 10® Ci) probably is quite reasonable. Of this amount, very 1 tle
(about 10°%) has found its way into the population (3 x 10% people). The fraction of the
estimated quantity in the biasphere to be found in an individual human is about 10717,

3.8.3.4 Plutonium hot-particle 1ssue

Om the basis of available evidence, the NRC believes that irradiation
of the lung by particles of plutonium is not likely to be markedly more
carcinogenic than when the same activity is uniformly distributed.’® After 30 years of experience
with plutonium in laboratory and production facilities, there is no evidence that the lung
mode! on which occupational radiation protection standards for plutonium are based is grossly
in error or leads to hazardous practices. Currently available data from occupationally exposed
persons indicate that the nonuniform dose distribution from inhaled plutonium does not result in
demonstrably greater risk than that assumed for a uniform dose distribution. Thus, cmpirice’
considerations lead to the ¢ nclusion that the nonuniform dose distribution of plutonium
particles in the lung is not more hazardous and may be less hazardous than if the plutonium were
uniformly distributed and that the mean-dose lung model fs a radiobiologically sour. basis *or
establ ishment of plutonium standards.?®
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For additional information on this subject, the reader is referred to refs. 4, 35, 36, a~. 37.

3.9 TERRORISM AND DELIBERATE DISPERSAL

The use of plutonium-powered pacemakers for medical treatmen’ has been questioned in some of the
comments in Appendix A because of the hypothetical hazard of deliberate dispersal of the plutonium
fuel by malefactors who would i1legally obtain such a ;acemaker. Implied risks may have
intensified public concern with regard to the use of pfut.onium-powcred pacemakers.

The alleged toxicity of plutonium (Sect. 3.8) and its use for terrorist purposes is overstated

by some commentors. For perspective, this secticn will discuss the following issues qualitatively:
(1) plutoniw vuel used in pacemakers has no milicary significance; (2) the conversion of this
fuel into a dispersal weapon is not a simple procedure, and a person attempting such a conversion
may place himself in the greater danger; and [3) regulatory controls on these pacemakers will
offer safeguards. The requirement that the fuel form be as nondispersible and aontransportable

as possible]ana the fact that the quantity of fuel is 1imited will deter any subversive attempts
at dispersal.

3.9.1 Military weapon significance

The plutonium fuel in a pacemaker (about 90% by weigh. yutonium-238) has no military weapon
significance. At least 25 kg of plutonium-238 dioxide would be needed to achieve a critical
configuration. This amount of material generates over 12 kW of heat, an amount that would present
thermal engineering problems of a magnitude that would eliminate practical explosive devices from
cons ideration. For example, the 256-g plutonium-238 radioisotopic thermoelectric generators for
the space program develop temperatures higher than 1300°C. In essence, there are far more
practicable alternatives.

3.9.2 Dispersal

A plutonium-238 fuel capsuie is of high irtegrity, but, given the “tools" and sufficient “»*er-
mination, it can be breached. However, opening the fuel capsule without contaminating oneself
would not be easy, even using specialized tools. In respense to a comnment by a review~r, an
experiment was performed to test the resistance of pacemaker fuel capsule cladding materials to
inorganic acids.® In summary, the data show that successful dissolution of the cladding from
a pacemaker fuel pellet in a manner suggested by this commentor would never occur. Seven samples
of different fuel pellet cladding materials were exposed, 11 vigorous mechanical motion, to
solutions of concentrated aqua regia for over 300 hr and over 100 hr to solutions of aqua regia
and sodium rluoride, it is concluded from thesn test results that plutonium pacemaker fuel
cladding could not be readily dissclved in inorganic acids. For pellets clad with platinum-
iridium, it is virtually impossible to dissolve the capsule even in heated agua regia with
sodium fluoride addud.

The calculated penetration rates are small, requiring a long time span to dissolve fuel pellet
cladding, but this may not be the limiting fa tor in discouraging such attempts. Handling of
concentrated acids is hazardous and must be approached carefully in order to avoid acid burns,
especially if spills occur. Noxious hydrogen chloride fumes are given off in the handling and
use of hydrochloric acid. A mechanical failure of the hood used in this experiment required an
immediate temporary evacuation of the laboratory.

Metals and alloys used in the fabrication of pacemaker fuel capsules to give them substantial
nechanical and high-temerature strength also grovide very hign corrosion protection to the fuel
pellet even in the event of deliberate attempts to dissolve the cladding, This does not imply
that it is impossible to open a pacemaker's fuel capsule using inorganic acids but that it would
not be a practical choice,

Assuming that an individual has obtained a plutonium heat scurce from a pacemaker, even by an
act of murder as postulated by the comments, and has managed to breach the capsule, it 1s
important to note that the fuel is in the form of a solid uressed and sintered ceramic pellet of
plutonium dioxide. At this stage the only identifiable potential casualty would be the person
opening a pellet's cladding. Distribution of the contents, to be effective, would require con-
version of the fuel to inhalable fines, a task that would probably be more formidable than the
initial opening of the capsule. The method proposed by commentor 41 would not be feasible
because of the relative insolubility of plutonfum dioxice sintered pellets 33
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Any significant dispersion of fuel from a breached fuel capsule that might interact with man
would require the fuel to be in the form of fines less than 10u in dianeter, since the primary
damege mode s through inhalation and retentfon in the lungs. Plutonium diovide has Tow solu-
bility, and tests have indicated that ingested particles pass through the gut and are eliminated
with minima) effects. Thus, the breaching of the capsule per se is not as significant as the
amount of inhalable particulates released. Studies show that of inhalable particulates released,
only a sma(l fraction (2 x 10°%) would be taken up by man.’® Hence, the most taxing problem may
be the dispersal,

For plutonium dispersal *o be effe.tive, it myst reach a group of people without their knowledge.
This essentfally eliminates the dit.rsal of plutonium with explosive devices. Any personal
injury by this method would most Y.xely be caused by the explosive.

(f there was a threat of plutonium dispersal in an enclosed building or public gathering area,
such as a coliseum or stadium, the air conditioning system could be shut down and the area
evacuated. Also, the people cuuld be instructed to breathe through several layers of a hand-
kerchief or clothing, which would mitigate, {f not prevent the inhalation of plutonium.

3.9.3 3Safeguards

As discussed in Sect. 1, the guidelines of tne Internat’onal Atomic Energy Agency exempt
plutonium containing more than 80% of plutonium-238 frem the safeguard requirements normally
imposed on fissile material that have been set forth ‘n agree 1t between the JAEA and member
countries in connection with the Treaty on the Non-Froliferation of Nuclear Weapons. Also,
by-product nuclear materials and small quantities o special nuclear materials, such as the
plutonium used in the manufacture of pacemakers, are considered to have adequate protection
against sabotage or theft, which could have high levels of consequence. The rules governing the
protection of these materials are set forth in 10 CFR Part 20. In substance, these rules require
that access to the materials be controlled, that materials in storage be secured against
unauthorized removal, and that thefts or losses be reported immediately fo MRC. The application
of more spec!fic physical protection conditions s not considered neces:y y at this time. The
regulatory process provides for periodic review of these requirements, and regulations will be
modified appropriately if a review indicates a need.

One issue that is gener:zlly taken for granted by some commentors is that plutonium pacemakers

are easily obtained. Although it is recognized that 1t is not impossible to obtain such a pace-
maier, gaining possession of a unit may be an arduous task due to stringent controls that will be
implemented to govern their handling, transportation, storage, possession, -~d use. The malicious
removal of a pacemaker from a patient will require prior identification of the patient as a bearer
of a plutonium-powered unit and will involve an act of murder. To acquire a plutonium pacemaker
by other methods will require knowiedge :¢ the handling, accountability, and security of the
different institutions using these pacem‘kers, and it would be improper at this time to discuss
present procedures.

There is no past experience of terrorist use of radioactive materials for subversive
purposes; hence, discuss® - of any such : <@ in the future is purely speculative, Although
terrorist use of plutontun is suggested 1n s.we of the comments, deliberate dispersal of
plutonium obtained from a pacemaer is not beli ved to be a viable threat to mankind for
the reasons 1lready discussed (Sect. 3.9.2).

An additiona) point of primary import nce, which is often not taken into consideration, is that
any detrimental health effects from 1, 1aling plutonium will not manifest themselves for a number
of years. There is a 15-year latency period, at the minimum, before somatic health effects, if
any are incurred, can be diagnosed. Terrorist threats have not, in the past, invelved a
threatened action with such delayed results.

There are clearly far more practicable and effective alternatives than using piutonium fuel t
3 pacemaker for terrorist purposes.

3.10 ENVIRONMENTAL CLEANUP COSTS

if a pacemaker fuel capsule is breached accidently, plutonium dioxide fines may escape into
the environment. The routes of entry were discussed in the risk-logic sections, The most
Tikely situation in uhich'&umtu dioxide would reach the environment and possibly reguire
mtﬂi?%ig? is the airborne release postulated for a breached capsule in a crematorium

In the unlikely event of a capsule breach occurring during cremstion, it is calculated that
only 0.13% of the fuel would be released in ti: form of piutonium dioxide particulates. Of
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that small fraction, more than 95% would be deposited on the ground within 350 m of the
crematorium stack encompassing an area of approximately 5 acres. This area may require
decontamination. Estimated costs for 20 pecpie, equipment, and transportation to
decontaminate the area is of the order of $4000/acre, or a cost of $20,000 per event. Such
an event is calculated to occur once every 20 years.

At distances further than 350 m from the crematorium stack, the calculated amount of plutonium
dioxide particulates deposited in the area would be too low to warrant decontamination.

3.11 INVENTORY CONTROL

To ensure that the possibility of pacemaker loss will be minimized and that they will be properly
disposed of in licensed facilities, the administration of uniform procedures for their account-
ability, surveillance, recovery, and disposal will be implementad Details of control programs
appear in Sect. 2. A central registry of pacemaker bearers will most likely use a computerized
system.

The estimated cost of operating a central computerized records system is based primarily on the
cost of operating the Commissior's Centralized lonizing Radiation Exposure Records and Reports
System. The types of data kert by the contractor, the Oak Ridge Computing Techntcal Services,
are somewhat similar in nature and covered 203,210 monitored individuals in 1972. The operating
cost of this contract for 1973 was about $25,000. With the increasad amount of data required per
pacemaker patient, a proposed six-month periodic mailing for data verification, initial
programming costs, etc., it is estimated that the average year.y cost for 5000 new or deleted
patient entries would exceed this $25,000 contract cost by a factor of 4. Therefore, it is esti-
mated that $100,000 would be regquired for the average yearly uperating cost of the centralized
records system for the first five years. For 10,000 pacemaker patients, this cost would translate
to approximately $10 per year tcr patient. The initial programming cost may well make the cost
for the first year's operation exceed $100,000, but the cost should average out over the first
five-year period.

In the present investigational program, the cost of record keeping is the responsibility of the
hospita™s and the manufacturers, and these costs are included in their fees and charges. If
this system of record keeping changes for routine use of nuclear pacemakers and a central
computerized system is implemented, as discussed previously, these costs would be covered by
registration fees that would be included in the purchase cost of the pacemaker.

3.12 RECOVERY AND DISPOSAL

The recovery and ultimate disposal of nuclear-powered pacemakers will be the responsibility of
the manufacturer and will be reguiated by the NRC. No additiona) costs are calculated for
recovery and disposal, since they would be included in the purchase price of the pacemaker. Also,
pacemakers, when returned to the manufacturers, may have some recycle value, which would be
reflected in the manufacturers' price determination.
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4. ALTERNATIVES, BENEFITS, AND BENEFIT-COST SUMMARY

4.1 INTRODUCTION

The service life of a pacemaker is dependent on the life of its hatteries, failure of electronic
components, and integrity of the package. Component failures are random (time-independent) and
sometimes occur before battery failure, but their occurrence is so infrequent that the limiting
factor on the service lives of pacemakers with conventional chemical batteries is current drain,
which is dependent upon the pulse-generator design, the lead used, the impedance of the interface
between the electrode and the cardiac tissue, and, in the case of demand pacemakers, the fraction
of time during which the pacemaker is inhibited by the natural pulses of the heart. The random
failure rate of conventional pacemakers, including premature battery wearout, is typically 0.15%
per month. " The principal power source for implantable cardiac pacemakers has been mercury
batteries (mercuric oxide-zinc). Improvements are being made in mrcury«batterg-powered pace-
makers, but, until 1973, their service lives were generally 1-1/2 to 3 years.*-

Cardiac Datacorp, Inc., Phijadeiphia, provides telephone monitoring of pacemakers of all _»
Their analysis of data on 4111* pacemakers monitored from 1970 through September 30, 1974 * showed
1179 renwvals for all causes, including 642 elective replacements. Excluding the elective re-
placements, 438 of the remaining 537 removals (81.6%) were due to battery depletion, and the mean
time to removal was 25.3 months. The total of 1080 remcvals for battery depletion and elective
replacements, performed for the most part on the basis of the manufacturers' re ommendations or
anticipation by the physician of iupending battery depletion, accounted for 91.6% of the total
removed. Of the remaining 2932 pacemakers, there were 462 units still functioning past 24 months,
averaging 31.37 months., It is noted (comment HNB-A34) that this is not the average for all pace-
maker lifetimes but is restricted to those still functioning in excess of 24 months.

Patients are examined periodically by their physicians to have their pacemakers checked for signs
of impending loss of battery effectiveness. When such signs are evident, the patients return to
the hospital for surgical implantation of a new pacemaker. To avoid the necessity of frequent
replacement surgery, and its attendant risks, costs, and inconveniences, pacemakers with longer
service lives have been and are being develuped. The most desirable pacemaker would be a unit
that would function without replacement for the remaining iifetime of the patient.

when the development of nuclear-powered pacemakers began in 1966, existing pacemaker batteries
were lasting about 18 months.!? The use of improved electrodes, improved microcircuitry, and
adjustable output circuitry has reduced the power requirements of pacemakers and extended the
service lives of chemical batteries used in pacemakers. Electronic and telephonic analysis of
pacemaker function permits the continued use of a pacemaker until an “"end-of-life indicator" is
observed, thus obtaining a longer pacemaker service life than if elective replacements are made
on a predetermined schedule, which sometimes results in the replacement of pacemakers that still
have a considerable remaining useful life. Concurrently with the development of nuclear pace-
makers, during the nast ten years, there have been substantial developments in other types of
pacemaker power supplies. Improvements have also been made relative to tne reliability and
longevity of pacemaker electronics and electrodes.

New power supplies currently being used in pacemakers include lithium-iodine batteries, recharge-
able batteries, and improved mercury-zinc batteries. These are discussed in Sect. 4.2 as
alternatives to nuclear-powered pacemakers.

Results of the current clinical investigations of nuclear-powered pacemakers are presented in
Sect. 4.3.

Some of the comments received on the draft Environmental Statement expressed the opinion that,

in view of the availability of nonnuciear pacemakers with long useful service lives, nuclear-
powered pacemakers are not needed. In order to appcaise the need for, and choice of, long-lived
pacemakers in medical practice, a questionnaire was distributea tc a number of physicians through-
out the United States who have extensive experience in the use of cardiac pacemakers. The
questions and a summary of the replies are given in Appendix G.

.Decuscd patients with functioning pacemakers were not included in this analysis.

4-1 A ’.) “ 0{)9

R



4.2 ALTERNATIVE PACEMAKERS

4.2.1 Pacemakers powered by mercury batteries

While most of the experience and longevity data for conventional pacemakers powered by mercury
batteries is based on pacemakers using Maliory RM-1 Group I cells, a new and improved RM-1 Group
I1 cell has recently become available and is used in pacemakers now being manufactured and
implanted. The lifelime of pacemakers with the RM-1 Group I cells was generally in the range of
1-1/2 to 3 years (Sects. 1.1 and 4.1).

Documented failure mechanisms!' for mercury-zinc batteries include dendritic mercury growth, zinc
oxide migration, leaky separators, and corroded welds. Most of the failure modes are traceable
directly or indirectly to the mobile, corrosive, liquid electrolyte (sodium hydroxide). Premature
cell farlure with shorting of the cell frequently occurred before the chemical capacity of the
cell was exhausted. The addition of a second barrier in the RM-1 Group II cells has all but
el:?i?:ted premature failures and is said to have more than doubled the life of the mercury-zinc
el

According to recent data from Medtronic, Inc.,? pacemakers with RM-1 Group Il cells have projected
replacement times ranging from 30 months to 114 months. Supporting clinical data relating to
these batteries are mostly less than 36 months old. The pacemakers (pulse generators and leads),
for which replacement times are projected, include 13 models of pulse generators and 11 models of
leads. While many pacemaker systems are available, most of the pacemaker systems implanted have
recomc)mded pulse generator replacement times near tie middle of the time range (from 60 to 76
months ).

Although improvements in electronics and electrodes have reduced the power requirements of pace-
makers and extended the service lives of chemical batteries (Sect. 4.1), some of the high-power-
requirement pacemakers, which have short service lives even with the improved mercury ceils, are
needed to meet the pacing regquirements of some patients. The pacemakers with low power require-
ments, and, thus, long service lives, are not suitable for pacing all patients.

Since mercury batteries release hydrogen gas, they are not hermetically sealed. Most mercury-
battery pacemakers are encapsulated in epoxy. The epoxy acts as a barrier to salt ions but does
permit the passage of water. Consegquently, the pacemaker circuitry operates in a warm-water
environment, which is unfavorable for electronics reliability (comment HNB-A34). The newer
pacemakers discussed in the following sections are, or can be, hermetically sealed to prevent the
entry of moisture into the electrical system.

4.2 7 Nuclear-powered pacemakers

acemakers using plutonium-238 and promethium-147 power sourc2s have been developed and are now
wnder clinical investigation and evaluation. An advantage ot these r.ucil7~ sources is that pace-
makers with a reatively high current drain, as well as pacemakers with average .~ ~elatively low
current drain, can be powered for longer times than conventional-batterv-powered pacemakers. Tuis
is due to the higher avaiiable enerqgy denzity of nuclear sources as compared with the chemical-
fuel batteries and to the fact that nuclear battery output decreases with the decay of the radio-
isotopes rather than with the consumption of a chenical fuel.

4.2.2.1 Pilutonium-powered pacemakers

The plutonium-powered pacemakers considered for routine use in this Environmental Statement use
encapsulated plutonium heat sources and thermoelectric converters to produce electrical power for
the pacemakers. Plutonium-238, the principal isotope in the plutonium fuel, has a half-life of
87.8 years. Experience has shown that the decrease in electrical output from plutonium batteries
used in pacemakers is proportional to the radicactive decay of the plutonium fuel and that there
is no observed degradation in the thermoelectric converters at the low operating temperatures
involved in pacemaker power sources. There has been no wearout mede observed or postulated in
these power sources other than the radioactive decay of the plutonium fuel. Because of relatively
long half-life and relatively low radiation from plutonium-238, these power socurces can be built
for any useful life desired by using an appropriate amount of plutonium fuel to allow for its
radioactive decay during the designed life of the power source.

The Model 9000 isotopic pulse generator manufactured by Medtronic, Inc., has been in clinical use
in Europe since April 1970 and in the United States since July 1972. The "Semiannual Clinical
Evaluation Report" submitted by Medtronic, Inc., to-the Nuclear Regulatory Commission in May 1975
contained data on 324 pacemakers implanted in patients in the United States between July 18, 1972,
and May 12, 1975, and on 677 pacemakers implanted outside of the United States since April 1970.
In the United States, one pulse generator failure occurred (because of a defect not related to the

pooy g

bl Uol



4-3

battery) in 5292 device-months of clinical use, and outside the United States one pulse generator
mi1 function occurred (because of a random electronic component failure) in 9227 device-months.

By combining these worldwide data, a random failure rate of 0.04% per month was determined.
Medtronic!® interprets these data to mean that 90% of all Model 9000 pulse generators would still
be operable after 263 months (21.9 years). The power output from the battery is projected to be
greater than 150 uW at 20 years, and the energy output per pulse from the generator is projected
to b? qrq‘eg:er'g’.han 30 uJ at 20 years. Medtronic considers this puise generator to have a 20-year
service life.!

The ARCU Medical Products Company claims that their NU-5 pacemakers will remain within specifica-
tion limits for 40 years.!® In October 1975, this pacemaker model had accumulated 1598 unit-months
of clinical use. One pacemaker was removed because of a rate shift caused by a substandard
capacitor; another pacemaker was removed because of an elecirode failure and was found to have

the same rate shift and substandard capacitor. ARCO claims that these failures are not random

and that their causes have been corrected by improved quality control procedures.

American Optical Corporation's Model 281343 pacemaker contains a nuclear battery manufactured by
Hittman Nuclear Battery Corporation. The electronic components in this pacemaker are predicted
to have a mean time to failure of about 40 years. American Optical has arbitrarily selected 20%
voltage reduction as their cutoff point fre replacement and calculates that this will occur in
28.8 years. The circuitry has a test mechanism to determine the point at which 20% voltage
reduction has occurred. American Op:ical states!® that the battery is expected to provide for
the power demands for the system for a minimum period of 20 years.

Coratomic, Inc., has reported'® their calculation of random failure analysis for their nuclear-
powered pacemaker using the methods documented in the Militqry Standardization Hamdbook
("Reliability Prediction of Electronic Equiprient," MIL-HDBK-217B, 20 September 1974). These cal-
culations project a reliability, from random failure, of 0.98 at 30 years for the electronic
module and 0.95 at 30 years for the isotopic battery for a combined system reliability of 0.92 at
30 years. Coratomic has also calculated, from the combined electrical parameters of pacemakers
assembled from production batteries and electronic moaules and from the radicactive decay rate of
the plutonium fuel, that wearout failures due to fuel decay will begin to occur after 28 years.

4,2.2.2 Promethium-powered pacemakers

In a promethium battery, decay electrons from promethium-147 directly excite a semiconductor to
proguce electrical energy by the betavoltaic conversion process. The promethium pacemaker battery
is Timited in design lifetime by the power decay of the relatively short (2.62 years) half-life
of promethium=147 and by the amount of promethium that can be used because of the radiation
emitted by promethium-146, a contaminant in promethium-147. The manufacturers of the promethium
battery and the pacemakers using this battery claim that an eight- to ten-year lifetime can be
expected.

The manufacturer of the promethium battery has recently announced the discontinuance of this
battery. Therefore, this pacemaker is nor an available alternative at this time. The draft of
this Environmental Statement indicated that a separate statement on promethium-powered pacemakers
was under preparation. However, since this pacemaker is no longer manufactured or available for
use, preparation of the Environmental Statement has been stopped.

4.2.3 Lithium-battery-powered pacemakers

Batteries containing lithium have been developed for pacemakers with the objective of producing
a longer-iived power source for pacemakers than can be obtained from conventicnal mercury
batteries.

The model 702-E 1ithium-jodine cell, manufactured by Wilson Greatbatch, Ltd., has a rated capacity
of more than 3.5 A-hr with available energy of 8.75 Whr, calculated at 2.5 V. The manufacturer
has calculated, using extrapolations based on chemiral conteni and accelerated rurdown data, that
this battery has suf?icient chemical capacity to last more than 12 years before the voltage
decreases to 1.8 V (their arbitrarily chosen end-of-life indicator) under a 30-uA load., A later
lithium-iodine battery, model 743-A, has been developed'®:!”7 by Greatbatch that has a rated
capacity of 4 A-hr and 10 Whr of available energy, calculated at 2.5 V. This battery has 63% of
the weight and 58% of the volume of the model 702-E.

The life-limiting factor for the original single-anode lithium-iodine cell was a decrease of
voltage due to internal resistance buildup in the lithium iodide electrolyte, which resulted in
a gradual Tinear rate change of the pulse generator., The later-model double-anode cells are
life-1imited by jodine exhaustion. The change in pulsing rate with the decrease in cell voltage
can be used as an end-of-life indicator for a pulse generator.
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Cardiac Pacemakers, Inc., uses lithium cells manufactured by Wilson Greatbatch, Ltd., in theiw
pacemakers, Th:y report13 that the theoretical projected longevity for their pacemakers, under
the conditions of 100% pacing and 500-chm luvad, is 14 years. This value is calculated on the
basis of performance characteristics of the lithium-iodine cel]l and does not take into account
unknown premature battery failure meci.‘nisms, No such premature battery fa:lures have cccurred
in more than four years of testing. '.. : from over 5000 implanted CPI 1ithium-battery pacemaker
implants indicate that these pacemake.s should attain 91% survival at six years with a 951
confidence level,

Dr. G. Frank Tyers of the Milton S. Hershey Medical Center (HMC), Pennsylvania State University,
reports'  ‘hat the HMC pacemakers, with Greatbatch 1ithium-iodine batteries, will have a 95%
longevity of 18 years for fixed-rate pacemakers and 95% longevity of 14 years for demand pace-
makers. The HMC pacemakers are not yet in production, and these projections of longevity appear
to be calculated from the investigational rechargeable pacemakers discussed in Sect. 4.2.4 and
from the electrical capacity of the lithium batteries.

Notwithstanding their calculations of electrical capacity, the absence of any experienced or
postulated sudden-failure mechanism. and zero failure of these batteries in clinical yse (begun
in March 1972), Greatbatch does nol make any statistical claim beyond six years for their bat-
teries {comment WG-A128). They believe?® that six years is a conservative estimate based on
sound statistical evaluation of documented performance and that other projections nf longer
performance are based on tneoretical extrapolations of chemical capacity that do not take into
account the possibility of packaging failures that may occur and have typically occurred in
other chemical batteries.

ARCO Medical Products Company's model Li-2 pacemaker uses two lithium inorganic batteries con-
nected electrically in a parallel fashion. ARCO claims!® that the projected longevity of this
pacemaker is about ten years, based on accelerated tests of the lithium batteries over a two-year
period. They state that the actual longevity, however, remains to be proven since lithium
pacemakers have only been in use for about three years.

4,2.4 Rechargeable pacemakers

A rechargeable pacemaker was first implanted in Sweden in 1958, Others were implanted in England,
the United States, and Japan, but 111 of these early rechargeable cells, which used a commercially
available nickel-cadmium ccil, failed in a comparatively short time, because of a decrease in
energy storage capacity when the cells are operated at body temperature.?!

Work has been under way since 1967 at the Johns Hopkins University Applied Physics Laboratory and
School of Medicine, and since 1969 at Pacesetter Systems, Inc., to develop a rechargeable pace-
maker that will not require replacement during the patient's lifetime,?! This pacemaker uses a
hermetically sealed nickel-cadmium cell of the type developed for space applications.

The Pacesetter Systems, Inc, (PSI) pacemakers, using the rechargeable nickel-cadmium cells
developed at Johns Hopkins University (JHU), have been implanted in patients since February 1973,
and, through December 1974, they report 1000 clinical implants with only one known malfunction
(due to a transistor that was not part of the rechargeable power system).

The capacity of the nickel-cadmium cell is sufficient to operate the pacemaker for six weeks
without recharge. The normal recimen for recharge is for the patient to r.charge his own unit
at weekly intervals for 90 min, using a recharger that attaches to a Velcro vest worn over the
patient's chest. Some patients are recharging their pacemakers at menthly intervals using a
correspondingly increased charging time.

Information furnished by PSI?2 claims that their battery has a projected reliability of 95.5¢ at
30 years, with a confidence estimate of 60%, The pacemakers containing this battery are claimed
to have a projected 30-year reliability of 91.5% with a mean time to failure (MTTF) of 71 or

74 years (depending on the model),

One of the cosmments (HNBH-A3S) states that there is a "memory” effect problem related to nickel-
cadmium batteries that could prove to be troublesome. Low discharge rates cause crystalline
growth in the cadmium electrode, thereby decreasing its effective surface area and making the
battery progressively more difficult to charge. Elevated temperature tends to increase the
severity of this effect. To allevaite this problem, the battery must be periodically discharged
at a high rate, which is difficult, if not impossible, with an implanted pacemaker. This comment
also states that, while this effect may or may not prove to be a difficulty with the nickel-
cadmium batteries presently being used in pacemakers, it indicatus that present judgment on the
lifetime of this power system may be premature. ps121 states that this effect has not appeared
in more than five years of intensive cycling and testing of PSI cells.
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The January 1975 draft of this Environwertal Statement stated (Sect. 4.2.3.2) "It has been
reported that some elderly patients cannot be relied on to recharge their pacemakers and that
physicians cannot, in many cases, burden such a patient with the responsibility of recharging *is
pacemaker" (emphasis added). This statement was not intended to indicate that the rechargeable
pacemaker was not an acceptable and appropriate pacemaker for many patients; rather, it was
intended to indicate that the rechargeable pacemaker was not acceptable to physicians to such a
complete extent as to preclude the usefulness of, and need for, other pacemakers,

Two comments took strong issue with this statement of nonacceptability for some patients, and they
state that the acceptance of the rechargeable pacemaker by the patients has been very favorable.
However, these comments also acknowledge that there are some limits on the acceptance of the
rechargeable pacemaker; this acknowledgment of such limits on acceptance is not in disagreement
with the above quoted statement in the Draft Environmental Statement.

Alfred E. Mann (PSI-A109) stated:

In challengng your presentation, 1 do not contradict the axistence of the conviction
by a large -umber of physicians that recharging is undesirable or unacceptable.
There are a number of opinions underlying this feeling and it will be a matter of
time, education, social and peer pressure, and patient demand before this argument
will be put into proper perspective and cease to be a factor. In the meantime, one
) approach to eliminating the objection is the extension of time between charges and
the reduction of the charging time. Significant progress is being made in both of
these areas so that much of the opposition will ultimately be laid to rest. For
example, in an extensive market survey of this su-ject some 75% of the physicians
indicated that given a six-month recharging interval they would consider the system
suitable for their entire patient population. This resuit compares to only 25% of
the physicians who wo''ld consider our system for the majority of their patient
population with the present regimen of weekly or monthly recharging,

In a paper enciosed with comment JH-A57, the Johns Hopkins University stated, as disadvantages
associated with the rechargeable pacemaker, "Patients who are mentally unfit and who have no
assistance from others are not suitable candidates for this system,” and "The mental state of a
| small minority of patients may be such that, even though they are able to perform the charging
_ function.' they might resent the comparatively short time each week that is required for that
‘ purpose, "

In the responses to the questionnaire on the need for, and choice of, long-lived pacemakers,
some, but not all, of the responding physicians indicated that the rechargeable pacemaker was
) not acceptable for some, but not all, patients. Varinus comments were made on the reasons for
) such unacceptability, including dependence on patient and family for recharging, the constant
reminder of dependence on pacemaker, patient reluctance, patient inconvenience, brevi ty of the
, recharge interval, and incomplete rehabilitation of the patient.
|

Notwithstanding the comment that present judgment on the lifetime of this power system may be
premature, it is accepted for purposes of this Environmental Statement that the rechargeable
5 nickel-cadmium pacemaker can esseantially provide lifetime pacing for the patients for whom it is
selected, Nevertheless, by the acknowledgment of the developer and manufacturer of this pacemaxer
power source, it is not acceptable to all physicians and all patients; thus, the need exists for
other long-lived pacemakers in addition to the rechargeable nickel-cadmium pacemakers.
3
'i
|

It would be inappropriate to restrict a physician's decision on chrice of pacemakers by the
arbitrary limitation of alternatives such as would occur if nuclear or rechargeable pacemakers
were denied to the medical community without adequate cause or basis.

[ Dr. G. Frank Tyers of the Milton S. Hershey Medical Center, Pennsylvania State University,
reports!® that 12 hermetically sealed pacemakers developed at Penns;lvania State University with
t rechargeable silver-mercury-zinc cells have been tested in animals and clinically for aver two
years. Longevity estimates, based on rapidly accelerated tests of batteries;, which simulated
200 years of pacing; modestly accelerated tests, which simulated over 50 years of pacing; and
real-Lime tests, which continue after 6 to 7 years without failure; indicate a pacemaker longevity
greater than 20 years with 95% reliability. Dr. Tyers provided additional information in a tele-
i phone conversation with an NRC staff member on September 11, 1975. The mean time to run-down,
1 without recharging, of thirteen test units was 4.8 years, and the recharge interval is not
critical. OFf the four units now in patients, two are recharging daily for 2-1/2 min per day, one
is recharging weekly for 20 min, and one has not recharged for a year and is deferring recharge 2.0
until needed. Of the eight units being tested in dogs, three are being recharged weekly, three N
monthly, one every six months, and one ‘s not being recharged until the battery is discharged.
This rechargeshle pacemaker is not yet commercially produced or available for clinical use; - °
however, if a reliable rechargeable pacemaker with a long recharge interval becomes availabie,
for routine use, it may well be chosen by physicians for many patients. '
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4.3 RESULTS OF CLINICAL INVESTIGATIONS OF NUCLEAR PACEMAKERS

From July 18, 1972, to November 5, 1975, 389 Medtronic Model 9000 plutonium-powered pacemakers
were implanted in patients in the United States. Medtronic has reported’’ that as of November 5,
1975, these pacemakers had accumulated 7183 device-months of use. One pacemaker failed after

12 months of service, at which time there were 2504 accumulated device-months of use. The
failure resulted from a void in the plastic potting material, which allowed body fluids to enter
the pacemaker arcund the output tab and to corrode the tab. The device failure was not related
to the plutonium power source, and quality assurance procedures have been revised to prevent
recurrence of this mode of electrical failure.

ARCO Nuclear Company has reported (enclosure A of ref. 19) the implantation of 91 Model NU-5
plutonium-powered pacemakers since April 1973. As of October 1975, these pacemakers have accumu-
lated 1598 device-months of use. Two of these pacemakers failed after 166 and 303 days in service,
respectively, because of an increase in rate to approximately 90 pulses per minute, due to
delamination of a capacitor. ARCO has corrected this problem by using a capacitor that has foils
made from a special alloy of gold, platinum, and palladium to preclude delamination.

During the period from Sept. 1, 1974 to Oct. 20, 1975, 92 Coratomic Model C-100 demand pacemakers
were implanted. This pacemaker was designed to be insensitive to electromagnetic interference
and to electrical signals from skeletal muscle contractions; however, this design caused a problem
in that the pacemaker fiiled to sense the r-wave of natural heartbeats when the r-wave had an
unusually Tow amplitude and long duration. Seven of these pacemakers have been removed from
patients because of this sensing problem, and Coratomic has discontinued the distribution of this
model. All of the removed pacemakers have been returned to Coratomic, Inc., and are still
(December 1975) performing to design specifications, with no component failures.

This model failed to meet the reliability requirements for possible routine use because of a
design-judgment error rather than because of electronic or mechanical failure of the pacemaker or
its components. The remaining pacemakers implanted in this series are continuing to be followed
under the investirational protocol.

Coratomic, Inc., is now distributing Model C-101 pacemakers, which have a revised sensing circuit
that overcomes the sensing problem but are otherwise identical to the Model C-100. Twenty-five
Model C-101 pacemakers have been implanted with an accumulated experience, as of December 19,
1975, of 42 pacemaker-months, with zero explantations or failures. The investigation of this
mod?l continues, but the number and duration of implants to date is insufficient for statistical
analysis.

The reported clinical data on the Medtronic Model 9000 and the ARCO Nuclear Model NU-5 pacemakers
have been evaluated by the statistical method described in Sect. 2.4 and Appendix E to determine
their reliability. The performance standard adopted for these devices specifies that testing
must demonstrate, in not more than 25,000 device-months of experience and with 90% confidence,
that the random failure rate is not more than 0.15% per month, which is the norm random failure
rate of conventional pacemakers (Sects. 2.4 and 4.1 and refs. 1-3).

On the basis of one failure in over 7000 device-months for the Medtronic Model 39000 pacemakers
(an cbserved failure of 0.02% per month), it is statistically demonstrated with 90% confidence
that the failure rate is no more than 0.15% per month, Medtronic has also reported??® that
more than 700 Model 9000 pacemakers implanted in Europe have accumulated 13,000 device-months
of effective experience: there has been one pulse generator malfunction due to a random failure
of an electronic component. The European data are consistent with the results from the U.S.
clinical tests. By combining data from all Medtronic Model 9000 units implanted worldwide, a
random failure rate of 0.03% per month, with a 95% confidence, is calculated.

The 1598 pacemaker-months of clinical experience, with two failures, of the ARCO Nuclear Mcdel
NU-5 pacemaker are not sufficient to demonstrate with 90% confidence whether this pacemaker
w111 achieve a failure rate of no more than 0,15% per month., The clinical investigation of
this pacemaker is continuing.

Since the plutonium battery, with an isotopic half-l1ife of 87 years, has such a high theoretical
life expectancy (greater than 20 years), it should function as a nondepleting power source for
many years following implantation. As long as no systematic failure or wearout mode occurs, the
cumulative probability of generator failure will be solely dependent upon random component
failures. No systematic failure or weargut mode has occurred, and experience with thermoelectric
conversion of nuclear decay heat to electrical power in the space nuclear systems and Navy under-
water power systems programs has demonstrated that this type of power source can function for
periods in excess of ten years. These other power spurces have power levels many times higher.
than the power levels of pacemaker batteries. ey
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4.4 MEDICAL CONSIDERATIONS

Implantation of pacemakers for treatment of various types of cardiac arrhythmias is a widely
accepted medical procedure. Because the procedure is relatively new (about 17 years old),
sur?ical techniques and pacemaker hardware are continually evolving. Ideally, this evolution

will make available a pacemaker that will function with minimal maintenance and follow-up
requirements for the remainder of the patient's life. Achievement of this ideal deperds on

the medical requirements of ; icemaker patients and on developing the technology of pacing systems.

4.4,1 The patients

Permanent cardiac pacemakers were implanted, initially, in patients with indications of complete
atrioventricular heart block (1 :k of coordination between atrial and ventricular contractions).
Although heart block (complete, incomplete, and intermittent) remains to be the major medical
indication for pacemaker implantation, physicians have recognized the utility of cardiac pace-
makers in the treatment of other types of cardiac conduction disturbances (e.g., sino-atrial
blocks, “undle branch blocks, various arrhythmias).®s2%-2% A detailed analysis of the indications
for pacemaker implantation in a study of 579 patients is available to the interested reader.2%

Approximately 120,000 persons underwent primary pacemaker implantation between 1958 and 1972 (an
average of about B600 per year), and about 90,000 of these persons were estimated to be alive in
1974.% The current (1975) annual rate of primary implantation is unknown, but Jikely exceeds
the’older average because of increased diagnostic awareness and the diversity of indications for
pacing.

The age distribution of pacemaker patients differs from that of the general population of the
United States. Table 4.1 gives typical age distributions for pacemaker patients. The first
distribution (column 2) is based on a study of 1989 patients?” and is typical of age distributions
reported up to 1973.%5730 A trend toward a youngur age distribution is developing’! and is
evidenced by a recent, less comprehensive (579) patient study (column 3).2% A breakdown of the
patients, in the more recent study, according to the type of power source used shows that nuclear-
powered pacemaker patients (column 5) gemerally have been younger than patients with chemically
powered pacemakers (column 4). However, this may be artificial due to the restrictions of the
investigational research protocgls.

Many pacemaker patients are expected to iead relatively normal lives; that is, to engage in

activities normally carried out by persons their age and to have the normal longevity patterns of
their age group (refs. 4, 5, 10, and 30-34).

4.4,2 Pacemaker systems

A pacemaker system consists of three components: the power supply (battery), the electronics,
and the leads. Each component is important because it may determine how well the entire system
functions and may 1imit the useful life of the _ystem. Battery systems were discussed in
Sects. 4.1, 4.2, and 4.3,

4.4.2.1 Electronics

The electronic components of a pacemaker are encapsulated with the battery in a pulse generator.
several types of pulse generator electronic circuits are in use. Asynchronous (fixed rate)
generators have a stimulating circuit that delivers electrical pulses only at a constant rate to
stimulate the heart. Demand pacemakers sense natural contractions of the heart and either in-
hibit the pacing pulse or deliver the pacing pulse in appropriate synchronization when a natural
pulse occurs. When a natural pacing pulse does not occur, the demand jacemaker delivers a pacing
pulse at a preset rate. The most common type of demand pacemaker senses natural ventricular
contractions and inhibits the pacing pulses. Other types of demand pacemakers sense atrial
contraction and deliver triggered ventricular pulses. Most pulse generators are the demand type
and are noncompetitive,’* Descriptions of av.ilable pulse generator functions are available
in the literature.?* Additional useful functions are being developed, but their successful
application will depend on the capacity of available batteries. As the sensing and stimulating
functions of a pulse generator are increased, the power drain on the battery increases. Power
drain is a limiting factor for the life of chemically powered batteries but is not limiting for
nuclear-powered batteries and may not be limiting fc rechargeable units.2*,3! o
sy 4 LA
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Table 4.1. Age disiribution of pacemaker jatient

population
Percentage of 1972-75 pat1entsb
Mreare® RN Hentar Ructer
years ca clear
1-10 0.5 0.7 1.2 0:3
11-20 0.5 2.8 0.8 4.3
21-30 0.5 6.7 2.2 1.3
31-40 0.7 6.0 1.6 9.6
41-50 3.1 13.1 3.1 21.0
51-60 8.9 25.6 14.1 34.6
61-70 31.1 21.4 27.4 16.7
71-80 39.1 15.9 33.3 2.1
81-90 15.0 . 6.7 14.9 0.3
91-up 0.6 1.0 2.4 0.0
Average age,
years 66.8 57.6 69.0 18.7

Isource: Medtronic, Inc., Semefite Fesulting from the Use of the
Isotopie Pulee Gemerator, December 17, 1973, with enclosure, “"Long-
Term Survival of the Bearers of Cardiac Stimulators," by Marie-
Francoise LeFebyr<, Attachee au Centre Hospitalier Regional de Lille,
January 1963-July 1972. Includes 1989 patients.

}’Source: Medtronic, Inc., Nedtronic™ Implantable Demand Isotopic
Pulse Gemerator, Laurena-Aleatel Model 9000, Fourth Semi-Amnual
Cliniecal Evaluation Report to the United Statee Muclear Regulatory
Commiseion, May 24, 1975. Includes 572 patients; 324 nuclear and
255 chemical.

4,4,2.2 Leads

Several comments on the draft Environmental Statement have expressed the belief that lead life
would limit the useful system 1ife of pacemakers. Two factors that are important to the consider-
ation of the influence of lead probiems on the yseful life of pacemaker systems are the history of
lead development and the causes of lead problems.*®

Until recently, leads were not considered to be limiting factors on pacemaker system life. The
major limiting factor was chemical battery depletion. As a result, special attention was not
given to the development of long-lived leads. Steady improvements in lead reliability have
occurred since 1965, and continued improvements can be expected as availability of longer-lived
pulse generators is realized. A pacemaker patient follow-uo clinic has observed that lead
failures in their patients were the cause of 16% of the pacemaker replacements in 1967, 8% in
1968, 3.3% in 1969, and 5,7% ‘n 1970.7

Lead problems are frequently rejorted to be the cause of complications in pacemaker patients. 35,37
Most of the problems are not caused by the leads themselves, but by the techniques of lead inser-
tion and attachment (Sect. 4.4.3) Problems attributable solely to the leads are largely
restricted to fracture of the lead or loss of insulation.

A recent survey of lead fracture uxperience’® shows that 1.9% of 2361 leads have fractured. The
average use time of these leads varied between 24 and 40 months, with the longest use times
between 70 and 146 months. (Use t me is the reported uuration of use, not the time to failure.)
Annual iead fracture rates were between 0.15 and 7.2% per year.
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An analysis®? of lead fracture cata from detailed clinical follow-up of 579 pacemakers implanted
by 109 physicians between July 8, 1972, and May 12, 1975,% shows that 7 (1.3%) of 553 leads
fractured. The annual rate of fracture was about 0.5%, and cumulative lead failure estimates
indicate that about 80% of the leads would be functional after 10 years of use.’®

4.4.3 Surgical factors

Physicians consider the surgical procedures used to implant cardiac pacemakers to be simple and
r2latively free or risk. However, any surgical procedure, nc matter how simple, may have
unexpected consequences such as medical compiications and even death.’?

Patient —ortality rates from surgical pacemaker-implantation procedures, including early
postopurative follow-uy, of 1 to 42 have been reported (refs. 4, 28-29, 32, and 39-40). A
recent survey of physicians (Appendix G) indicates an expected mortality rate of approximetely
0% for routine reimplantatisn procedures.

Complications do occur, and historical data on complicaticns are susmarized in Table 4.2; no
attempt was made to distinguish betweei, abdominal and pectoral mmplantation or between methods
of lead insertion. These reported values reflect a wide variction in clinical experience.

Since the definition of a complication varios among physicians, the reported values are meaning-
ful only in that they demonstrate the occurrence of complications and indicate their freguency
of occurrence. The complications mentioned in the literature vary in severity from those requir-
ing Tittle, if any, treatment to those requiring a reimplant procedure. Some complications have
resulted in mortality. Most physicians, in responding to the recent survey (question No. 12,
Appendix G), indicated morbidity rates between | and 5%.

4,5 COSTS

Both societal and private (to patients and their families) costs are incurred from the use of
plutonium-powered pacesmakers. The potential societal costs, which arise largely from the presence
of plutonium-238 in the pacemakers, are discussed assuming (1) chat 10,000 pacemakers will be in
use at all times and (2) that 1500 pacemakers will be implanted per re>r (Sect. 3.7.1).

4.5.1 Radiological

Potential radiation doses to the whole body of a patient (Sect. 3.2) 7 -e estimated to he between
0.52 and 0.77 rem for five years of use and between 2.6 and 3.8 rems 20 years. Doses to the
gonads vary from 0.13 to 1.6 rems over five years and .62 to 7.7 rems uver 20 yea~s. Patients
who receive these doses would have freely chosen to do so in anticipation of benefits received
from use of a plutonium-powered pacemaker. This is a private choice and would retult in littie,
if any, somatic health risk to the patient. I[f all potential patients of reproductive age wore
a pacemaker for 20 years prior to reproduction, an increase in genetic deficiencies (a societal
cos%) by no more than 0.2% cver naturally occurring deficiencies is predicted to occur in their
children.

Potential annual population doses to groups of persans from pacemaxers implanted in patients wera
discussed in Sect. 3.3.

Disposal requirements for explanted pacemakers would involve additional costs. Records would be
kept of each pacemaker from the time of manufac Jre until the time of disposal (Sect. 3.11). If
a centralized records-keeping system were implemented, it is estimated to cost about $100,000
per year or $10 per year per pacemaker. This coct would be included in the purchase price of the
pacemaker. The costs of recovery and disposal of pacemakers, offset by values for reuse and
m,;c):lc of pacemakers of their components, would also be reflected in the purchase price (Sect.
3:32).

Environmental cu.tamination could occur if the fuel capsule of a pacemaker is breached. The
extent and the cost of such a breach is highly site-specific and is discussed in Sect. 3.7.

Although not discussed explicitly, alternative batteries may also produce societal costs that are
qualitatively similar to those considered for plutonium-powered pacemakers. For example, some
of the materials used are chemically toxic elements, as indicated by suggested maximum ambient
environmental levels given in Table 4.3.%}
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Table 4.2. Summary of data on complications
resylting from pacemaker reimplantation

Complication

Patients affected, %

Infection
Hematoma, bleeding
Extrusion of pacemaker, skin

erosion, etc.

Malposition or component
mavement

Sensing problems - threshold,
competition, etc.

Miscellaneous

Electrode related (excluding
fracture)
Displacement

Ventricular perforation

Extrusion

2.6,% 12.2,7 0-20,° 2 4,9 10.5, 10,7
0.15.9 5.
1.0,% 41,7 1.5,F 4.2

0.9, 2.0.2 14.1,7 0.3, 0.7,% 2.4,9
16,% 5.5

2.0,2 11.5.% 3.09 1.5,% 6.7"

220822326710 17d 6,0
0.9, 1.7,% 4.39

10.4,% 0.3,% 10.4," 4.8,% 3.6,
1.6,7 12.9%

2.2,916.3.2 3.3, 8, 3.2,% 19, 1.5t

0.9,% 0.7,% 1.2, 9.k 6.9"

0.3,% 10.2,2 of
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4.5.2 Medical

Selection of a pacemaker for a patient should be based on the patient's needs and the physician's
Judgment with respect to the optimum pacemzker required to fill those needs. Factors that will
influence the selection process include the patient's physical concdition, expected longevity,

and mental attitude. The price of a pacemaker and its implantation are not usually the determin-
ing factors in the selection of a pacemaker. However, estimates of these costs are presented.

Monetary costs arise from the price of the pacemaker, surgical procedures, rospital and medical
costs, complications, and loss of work (income to the patient and productivity to society).

Table 4.3 summarizes these estimated costs. Pacemaker costs are based on 1975 prices. Surgical
and medical costs are based on those supplied by physicians, Hosgital costs are based on the
average per diem charces as reported from almost 6000 hospitals.! Costs associated with complica-
tions are based on the assumptions that 2.5% of all implant procedures will be followed by com-
plications, which will require an average of five days of additional hospitalization, and that 5%
of the patients will require additional surgery (at $425 per occurrence). Loss-of-work costs are
associated with the leagth of hospitalization (5 to 10 days for surgery and 1.5 days for complica-
tions) and outpatient recovery (14 aays). The time loss from work can be adjusted to a five-day
work week using an average income of $60 per day (based on an annual income of $15,000) for
patients in the work force; however, many patients will be retired.

Previous considerations (Sects. 4.2 to 4.4) indicate that rechargeable and nuclear pacemakers
may have comparable lifetimes (20 years or more). At current prices, rechargeable battery-
powered pacemakers have an initial monetary cost advantage of about $3000. This is somewhat
offset by the need for medical supervision and, freguently, the use of telephone monitoring of
recharging.

4.6 BENEFITS

Plutonium-powered pacemaker: fill the need for a long-lived pacemaker by providing physicians
with a unit that is capable of long-term maintenance-free pacing of cardiac patients whose life
expectancy exceeds the useful lifetime of chemical batteries and for whom the recharging regimen
of rechargeable pacemakers is unacceptable. Benefits to the patients from long-lived pacemakers
are derived from the elimination or reduction o¢f the need for surgical implantation of replace-
ment units because of pacemaker battery wearout. Avoidance of replacement operations eliminates
or reduces the following:

(a) Exposure of patient to repeated surgery and hospitalization.

(b) Pain and suffering (associated with surgery) of the patient.

(c) Complications to patients. The severity and frequency of complications increase
with repeated implantations since a reopened “pocket” has more problems with scar
tissue, wound healing, infection, inflammation, etc.

(d) Damage to pacemaker leads. The manipulation of leads during their removal from
worn-out pacemakers and attachment to replacement units {ncreases the likelihood
of lead fracture or damage.

In addition to the benefits derived from the avoidance of risks associated with pacemaker
replacement operations, an additional important benefit of long-lived pacemakers is the avoidance
by the patient of the anxiety associated with the anticipation or contemplation of pacemaker
wearout and replacement surgery.

In the questionnaire to physicians, they were requested to reply to the question "What e the
value to the patient to avoid or extend the interval between pacemaker replacemente?" One
physician (respondent 104, Appendix G) replied as follows:
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Table 4.3. Monetary costs associated with pacemaker implantation

Item Cost, Dollars Bases
Pacemaker
Long-lived (>10 years)
Plutonium 5000 1975 cost
Rechargeable 2000 b "
Medium-1ived (8-10 years) 1500 - a2
Short-lived (4-6 years) 1000 " =
Initial Implant
Surgery 850 Physician responses
Hospital 1270 Average cost per day

in ~6000 hospitals,
10 days in hospital

Medical 270 Physician responses

Complications 20 Occur in 2,.5% of
cases, require 5 days
in hosnital, 5% require
add’ onal surgery

Loss of work 1080 18 days at $60 per day

Total 3490
Reimplant

Surgery 425 Physician responses

Hospital 635 5 day hospitalization

Medical 270 Physician responses

Complications 20 As above

Loss of work _180 13 days at 360 per day
Total 2130

“The value to the patient of avoiding or extending the interval between pacemaker
replacements is almost incalculable. While the operation is a small one and a safe
one, it is surgically inappropriate. It is the nature of a surgical procedure that
it be definitive and hopefully provide a cure. The concept of a patient returning
repeatedly for repetition of the same surgical procedure is not readily acceptable
either to the patient or the surgeon. Apart from the inconvenience and the discom-
fort and the cost to the patient there is a real psychological factor involved.
Patients are unusually and unexpectedly reluctant to undergo these small repeated
operations and all of them in my experience would welcome a single procedure and a
life-time pacemaker. I think it is fair to say that this is the overpowering
concern, namely the avoidance of repeated operations, of any patient who has a
permanent pacemaker.”

The satisfaction and sense of "well-being" of patients with imrlanted plutonium-powered pace-
makers was expressed in several of their letters to the NRC (see Appendix A) in response to the
DES.

Another benefit from the use of plutonium-powered pacemakers is their impact on pacemaker

technolcgy. Since nuclear decay is a predictable physical process, nuclear batteries are not

subject to chemical anomalies, and power output is not drain-limited during their useful life-

time. New or additional pacemaker functions, which may require higher power drains, could be PN &
more readily incorporated into a unit with a nuclear battery than in a unit with a chemical - | u i J
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battery. Such additional functions may also be accommodated by rechargeable batteries but,
currently, would most likely shorten the interval between recharges or lengthen the recharge
period.

Rechargeable chemical batteries require a continual recharging regimen but may provide a iong
service life. However, some physicians (Sect. 4.2 and Appendix G) consider the recharging
regimen to be unsatisfactory for some patients becau<e of physical, psychclogical, or emotional
factors. These factors are very real to these pacients, and, therefore, rechargeable pacemakers
are not considered to be acceptable or suitable for all patients that need long-1ived pacemakers.
Plutonium-powered pacemakers can meet the needs of such patients. Thus, the availability of

all types of long-iived pacemakers would permit physicians to choose the system that is best
suited to their patients' needs.

R

4.7 COST-BENEFIT ANALYSIS

Direct monetary costs are only associated wit' purchase prices of pacemaker units, medical
charges for implantations (and replacement implants), and costs incurted for the environmental
cleanup of any released power-source materials. In a cost-benefit analysis, the cost advantage
; of :ny one pacemaker model 15 derived by comparing it, over a period of time, with the aiter-

r natives.

; A cost-benefit dctermination for plutonium-Lowered pacemakers is derived from the elimination or
' reduction of the need for surgical implantation of replacement units because of battery wearout.
Currently, plutonium-powered pacemakers have a higher initial price than nonnuclear alternatives;
however, this price is partially or completely offset when one or more replacement implants of
alternative Lacemakers becomes necessary. For example, the cost accrued after a replacement
implant of a medium-1ived pacemaker [$1500 + $3490 + $1500 + $2130 = $8620 (7rom Table 4.4,

Sect. 4.6)] exceeds (even neglecting inflation) the cost of initial implantacion of a plutonium-
powered pacemaker ($5000 + $3490 = $8490). The adc¢itfonal costs incurrad due to postulated
environmental contamination, about 52 per pacemaker (Sect. 3.10), are of minor importance

when compared with the cost of the initial implantation of a plutonium-powered pacemaker.

4.8 SUMMARY

Benefits, ccsts, and safety and reliability requirements associated with the routine use of
: plutonium-powered pacemakers, which are identified and discussed throughout this Statement, are
listed in Tables 4.4-4.6 and, where possible, are quantified. Sections containing discussions
: of each item are indicated.

| Plutonium-powered pacemakers will broaden the basis for the physician's selection of the proper
medical treatment of pacemaker patienis hy offering them a maintenance-free lifetime unit. There
. are alternative pacemakers available with various performance characteristics; however, these
| alternatives are not always preferred or accepteble and do not always offer the best treatment of
a paiient. Tne decision i3 necessarily the choice of the physician. Plutonium-powered pacemakers
are acceptable to the medical community, as evidenced by physicians' comments on the draft
Environmental Statement (Appendix A) and their responses to the physicians questionnaire
(Appendix G). These physicians, for the most part, considered the plutonium pacemakers' higher
initial cost to be the most serious disadvantage. However, in the selection or prescription of
a medical treatment, when life and health are at stake, monetary costs are not necessarily a
limiting factor, and the lowast cost alternative is not necessarily chosen or required nor doe-.
it necessarily offer the best treatment.

An advantage of using plutonium-powered batteries in some types of pacemakers is that power
drain reguirements of the pacemaker's electronics is not a limiting factor on the life of the
unit, as it is with chemical-battery-powered pacemakers. The electrical sensing and stimulating
functions of the pacemakers can be increased or additional functions added, as is desirable for
some patients without sacrificing the service life (or decreasing the interval between recharges)
' of the unit.

o L

B ———

. Plutonium-powered pacemakers are, by statutory authority, regulated by the Nurlear Regulatory
| Comnission because they contain special nuclear material. It 1s only after a satisfactory
appraisal of safety and performance considerations that the Commission would allow them to be
available for routine medical use by appropriately licensed and qualified physicians. An evalua-
tion of the cumulative experience with plutonium-powered pacemakers, from the investigational
programs, indicates satisfactory performance capabilities.

e e el
——
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Table 4.4. Summary of safety and reliability requirements

Requirement m

The nuclear-powered pacemaker is the only type of pacemaker that is 2.2, 2.2
required by the Federal government to be designed and tested to

standards that assure that the material contained in its power

supply will not be released to the environment under conditions of

normal use or accidents involving a pacemaker patient.

Medical institutions that implant nuclear-powered pacemakers and 2.3, 2.5
patients who are bearers of nuclear-powered pacemakers are required

to comply with specified administrative procedures to assure that

the pacemakers are accounted for and that they are recovered for

controlled disposal upon the death of the patient or upon removal

for any reascn prior to death. For routine use, regulations and

procedures for licensing will be developed to provide equivalent

requirements for pacemaker accountability, recovery, and disposal.

N
-

Procedures have been developed, based on statistical techniques, for
evaluating the reliability of nuclear-powered pacemakers using
information obtained from the investigational programs. Any pacemaker
model being evaluated in an investigational program or any new model
introduced will be required .o demonstrate acceptable performance
before its routine use will be authorized.

Table 4.5. Summary cof benefits associated with the routine use of
plutonium-powered pacemakers

Benefit

Plutoniun-powered pacemakers have sufficient longevity to eliminate 5. W
the need for surgical replacement operations that are necessitated 4.5
by depletion of chemical batteries. The avoidance of such 4.6
replacement operations eliminates or reduces:

i. repeated hospitalization of the patients;
ii. patient pain and suffering that is associated with surgery:
iii. patient anxiety associated with anticipated pacemaker
wearout and replacement surgery;
iv. complications that can develop after surgery, and
v. damage to pacemaker leads that can result from manipulation
during surgery.

Plutonium-powered pacemakers can provide long-term maintenance-free 4.6
pacing to patients for whom the rechargeable pacemakers are physically
and/or psychologically unacceptable.

Plutonium-powered pacemakers will provide physicians with an 4.6
alternative choice of medical treatment for patients who require long-
term pacing

The use of piutonium power sources will have a positive impact on 4.4, 4.6
pacemaker technology. New or additiona: pacemaker functions that

have high power drain requirements can be more readily accommodated

by plutonium-powered batteries without significantly reducing battery

life. Such additional functions may also be accommodated by rechargeable
batteries, but, currently, would most likely shorten the interval between

recharges or lengthen the recharge period.

I3~

|
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Table 4.6. Summary of environmental impacts associated with the
routine use of plutonium-powered pacemakers

Impacts assuming 10,000 implanted cardiac pacemakers Section
with plutonium batteries reference

Pocential radiation doses to man from routine use, man-rems/year

Patients 1,650 3.2.1, 4.5
Spouses 2 3.3, 4.5
Members of patients' households 12 3.3, 4.5
Associates of patients 25 3.3, 4.5
Remainder of population 49 3.3, 4.5
Postulated accidents 15 2T

Environmental contamination clean-up
cost, $/occurrence 20,000 3.10

Since no restrictions will be placed on the movement of plutonium pacemaker patients, rigorous
design criteria are imposed on the fabrication of the fuel capsules to ensure fuel capsule
integrity under all credible accident conditions. However, for redundant protection in the
unlikely event that a fuel capsule would be ruptured, additicnal restrictions are placed on fuel
form to mitigate any radiological impact on the environment.

A comprehensive risk assessment was performed to determine the environmental impact of routine
use of plutonium-powered pacemakers, and it was concluded that the radiation risk from these
pacemakers would result in an insignificant additional radiation exposure to the public. These
radiation risks are so small that, even if the benefits are less than expected, the routine
use of plutonium-powered pacemakers is still justified.

The benefits to patients of avoiding or extending the interval between pacem:“~r replacements is
almost incalculable. It is the nature of a surgical procedure that it should be definitive and,
hopefully, provide a cure. Apart from the inconvenience, discomfort, and cost to the patient,
there is a real psychological factor involved. Patients are usually and expectedly reluctant to
undergo repeated operations, and all of them would welcome a single procedure and a lifetime
pacemaker. Both the rechargeable and plutonium-powered pacemakers have the potential of offering
a patient lifetime service, but the treatment of pacemaker patients with the recharqgeable unit

fs considercd by some physicians to be "incomplete rehabilitation" of the patient, due to the
necessity of and dependence on periodic recharging of the unit.

Since pacemakers are chosen to best meet the medical needs of each individual patient, all of the
different types of pacemakers are needed. In view of the regulatory requirements on nuclear
pacemakers, which do not apply to other pacemakers and the higher initial cost of nuclear pace-
makers, it is not likely that nuclear pacemakers will be used frivolously or that they will be
selected for use by physicians or patients except in those cases in which the longer maintenance-
free service lives of the nuclear pacemakers offer a significant advantage in the medical care of
the patient.
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5. DISCUSSION OF THE COMMENTS RECEIVED ON THE DRAFT ENVIRONMENTAL STATEMEN)

Pursuant tc 10 CFR Part 51, Sect. 51.25, the Draft Gemeric Ewvirc.mental Statement om the Wide-
mlehu;e of Piutorlun, Povered Cardiac Pacemakers was transmitted with a request for comments to
the following:

Council on Environmental Quality

Department of Commerce

Department of Health, Education, and Welfare
Department of Transportation

tnvironmental Protection Agency

This Statement has been sent, with an invitation for comments, to the Agreement States, companies
in the nucicar industry, and the Association for Advancement of Medical Instrumentation. An
announcement of the availability of the Statement and a copy of the summary and conclusions have
been sent to the state clearinghouses. In addition, the NRC reguested comments on the draft
Exvironmental Statement from interested persons by a notice published in the Federal Register on
January 16, 1975 (40 F.R. 2863), and the Council on Environmental Quality published a notice of
availability of the draft Environmental Statement in the Federal Register on January 24, 1975

(40 F.R. 3799). Comments in response to these reguests were received within the specified 45-day
comment period from the following:

Sheldon Meyers, U.5. Environmental Protection Agency (EPA)

W. E. Caldwell, U.S. Coast Guard (USCG)

James W. Bibb, Department of Administration, State of Kansas (SO0K)

Adriana Gianturco, Executive Office for Administration and Finance, The Conmonwealth
of Massachusetts (COM)

Joseph 5. Golden, Office of Planning and Programming, State of Nebraska (SONB)

Don N. Strain, State Grant-In-Aid Clearinghouse, State of Oklahoma (S00)

Harald H. Rossi, College of Physicians and Surgeons of Columbia University (HHR)

David L. Frank, Fresno Committee for Scientific Information (FCSI)

Karl Z. Morgan, Georgia Institute of Technology (KZIM)

R. B. Kershner, Johns Hopkins Applied Physics Laboratory (JH)

Herman R. Levine (HRL)

Dean E. Acrahamson, University of Minnesota (UOMA)

Stephen R. Parchner (SRP)

Sidney M. Wolfe and John Abbotts, Public Citizen Health Research Group (PC)

Nicholas P. D. Smyth (NPDS)

L. Douglas DeNike, Zero Population Growth (ZPG)

Comments were received after the expiration of the comment period from:

Charles Custard, Department of Health, Education, and Welfare (HEW)

E. E. Maroney, Department of Administration, State of Florida (SOF)

Bruce D. Arkell, Office of the State Planning Coordinator, State of Nevada (SONV)

Terence P. Curran, New York State Department of Environmental Conservation (NYS)

Stephen N. Norris, Office of Urban and Federal Affairs, State of Tennessee (SOTN)

James M. Rose, Division of Planning Coordination, The State of Texas (S0TX)

N. R. Arthur, pacemaker recipient (NRA)

Evelyn Bauer, pacemaker recipient (EB)

Marie Colbert, pace aker recipient (MC)

Peter M. Jacobson, Coratomic, Inc. (CI)

David L. Purdy, Coratomic, Inc. (CI)

Stephen Cockston, Cordis Corporation (CC)

Gregg S. Everhart (GSE)

W. Hunzinger, Department of Radiological Protection, Federal Office of Public Health,
Switzertand (FOPH)

Simone Fouquet, pacemaker recipient (SF)

J. K. Frenkel (JKF)

Ron Guenther (RG)

N. W. Hauser, pacemaker recipient (NWH)

Thomas S. Bustard, Hittman Nuclear Battery Corporation (HNB, HNBB)

Fred Hittman, Hittman Nuclear Battery Corporation (HNBH)

F. N. Flakus, International Atomic Energy Agency, Austria (IAEA)
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L
; Mary P. Jackson (MPJ)
Patricia Joralemon (PJ)
E Martin J. Krauthamer (MJK)
, M. R, Lawler (MRL)
i Bobby I. Griffin, Medironic, Inc. (MI)
4 Martin Sonenburg, Memorial Sloan-Kettering Cancer Center (MSK)
i Donald P. Geesaman, University of Minnesota 500&;)
' W. Albert Sullivan, Universiiy of Minnesota (UOMS)
e T. D. 6. Richings, National Radiological Protection Board (NRPB)
J. G. Speth, Natural Resources Defense Council, Inc. (NRDC)
Dermot A, Nee, pacemaker recipient (DAN)
Victor Parsonnet, Newark Beth Israel Medical Center (NBI)
R. Marriner Orum (RMO)
Max Spieler, Pacemaker Foundation, Inc. (MS)
. Alfred E. Mann, Pacesetter Systems, Inc. (PSI)
4 Richard B. Spohn, People for Proof (PP}
| Juliet Phillips, pacemaker recipient (JP)
| Roger G. Powers, pacemaker recipient (RGP)
1 Stanley J. Runsky, pacemaker recipient (SJR)
Allen C. Nadler, Scientists' Institute for Public Information (SIPI)
- Loyetta G. Wheelbarger, pacemaker recipient (LGW)
l Wilson Greatbatch, Wilson Greatbatch, Ltd. (WG)
| L. Douglas OeNike, Zero Population Growtn (ZPG)

Consideration of comments received and the disposition of substantive issues involved are
reflected in part by revised text in other sections of this Final Envirormental Statement ard in
part by the following discussion. Reference will be made to the comments using the abbreviations
indicated above. All corments received by October 20, 1975, are included in Appendix A of this
Statement.

5.1 RESPONSES TO COMMENTS ON SECTION 1

(UDMA-A76, NRDC-A102)

This final generic Environmental Statement has been prepared in accordance with the procedures
in 10 CFR Part 51 of the Commission's regulations. Part 51 implements published guidelines of

the Council on Environmental Quality pertaining to the preparation of environmental impact
statements pursuant to the National Environmental Policy Act of 1969 (NEPA).

5.2 RESPONSES TO COMMENTS ON SECTION 2

(EPA-A3, HEW-A4, SOF-A7, UOMG-A70, UOMA-A76, NRDC-A102, PSI-A10%)

The DES does not discuss in detail the regulatory framework that NRC will implement to govern
the routine use of plutonium-powered pacemakers. Thece regulations are currently being drafted.
When completed, these proposed regulations will be available for public cumment, and a notice to
| this effect will be published in the Pederal Register. In the interim, the existing controls

l program (discussed in Sect, 2) will remain in effect.

5.3 RESPONSES TO COMMENTS ON SECTION 3

More information has been added to many of the subsections, and two new subsections were added.

i 5.3.1 Radiation doses to patients
(KZM-A31, UOMA-A76, NRDC-A102, PC-A115)

It is acknowledged that the absorbed radiaticn dose to patients was somewhat underestimated due
to the use of a smaller plutonium loading as reported in the PNL report, but the differences are
not large enough to cause any changes in the conclusions drawn in the draft Statement. The data
reported in the DES were based on 173 mg of plutunium in a Medtronic pacemaker. This has been
corrected in Sect. 3.2 by calculating the absorbed radiation doses on the basis of a pacemaker
containing 250 mg of plutonium, which represents the average quantity of plutonium used per
pacemaker. All subsequent risk anmalyses are also based on this quantity.

J
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Tne absorbed radiation doses are also based on 0.26 ppm of plutonium-236 impurity in the fuel,
which is the approximate assay of all plutonium used tc date ir pacemakers. The decay of this
impurity accounts for a major portion of the emitted gamma radiation. Should the plutonium-236
impurity be increased to 0.€ ppm (the maximum plutonium-236 impurity in the specifications for
plutonium-238 by the pacemaker battery manufacturers), the gamma radiatior component would double
over a period of years (Appendix F).

The plutonium fuel available in the future may vary up to 0.6 ppm of plutonium 236. If antici-
pated needs of plutonium-238 fuel are known in advance, the plutonium-236 component in newly
produced fuel can be allowed to decay before it is marketed.

Because of the relatively low amount of radiation emitted from pacemakers, the suggested future
isotopic enrichment of plutonium-238 fuel to nearly 100% assay is not anticipated. In terms of
cost effectiveness, such a high degree of enrizhment is not warranted. On the other hand,
because of the radioactive impurities in nlutonium separated in power-reactor fue! reprocessing,
the use of this fuel in pacemakers is not justified or contemplated. High-grade plutonium-238
fuel from separated and reirradiated neptunium is available, and its cost is minor compared with
the cost of source encapsulation and other fabrication processes.

5.3.2 Exposures to persons under 18 years of age
(HEW-A4, KIM-A31, HRL-A61, MRS-A69, UOMG-A70, UOMA-A76, NRDC-A102, PC-A115)

It i1s acknowledged that younger pacemaker patients will receive a comparatively greater accumu-
lated radiation dose because of their smaller size and longer cumulative exposure. The accumu-
lated dose for children may be 2 to 5 times as large as for adults, which is still within
acceptable limits.

Approximately 0.5% of all implanted pacemakers are implanted in persons under 18 years of age.
This is an extremely small percentage of the market, even if nuclear-powered pacemakers are used
more frequently than conventional pacemakers in minors. The medical conditions that require
pacemaker implantation are more prevalent in the aged than in chiidren.

In medical diagnosis and treatment using radiation and radioisotopes (e.g., diagnostic x ray,
radiation therapy, and nuclear medicine procedures), occupational and population radiation
standards are not strictly applicable because of offsetting medical benefits. Studies have shown
that nonradiosensitive soft tissues, such as muscular tissue in close contact with implanted
pacemakers, can receive several hundred rads of protracted radiation exposure without manifesta-
tion of somatic effects. (Additional information is given on those topics in Sect. 3.2.1.)

5.3.3 Occupational exposures related to plutonium production and disposal
(U'MA-A76, NRDC-A102, PC-A115)

Section 3.4, "Exposures during Production, Manufacturing, and Disposal,” has been added to Sect.
3. However, the purpose of this Statement is the assessment of the effects on the environment
and population from the routine use of plutonium-powered pacemakers. Occupational workers are
routinely covered by the radiation control and monitoring programs of individual plants, which
are already under State or Federal control,

5.3.4 Accidents involving pacemaker patients
(JKF-A30, MRS-A69, UOMA-A76, NRDC-A102)

Additions have been made to Sect. 3.7.2 that discuss patient deaths due to firearms- and-
transportation-related deaths.

5.3.5 Plutonium toxicity

(NRA-A15, FSCI-A30, JKF-A30, RG-A32, JH-AS7, HRL-A6T,
MRS-A69, UOMA-A76, UOMS-A100, NRDC-A102, RMO-A108,
PSI-A109, PP-A113, SRP-A113, SIPI-A125, ZPG-A130, AP-32)

Section 3.8, "Radiobioiogical Hazards of Plutonium,” has been added, which dt§c'n'sses the aspects

b
of plutonium toxicity in detail. 671 0Fo
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5.3.6 Relative risks of plutonium-238 compared with plutonium-239
(RG-32, SIP1-A125, ZPG-A130)

It is acknowledged that one gram of plutonium-238 is potentially more hazardous than one gram of
plutonium-239 due to differences in specific activity (curies per gram). However, all risk
assessments were based on measured radiation emitted fr~m actual pacemakers or on the number of
microcuries that could be released in postulated accidents.

5.3.7 Somatic and genetic effects of radiation

(KZM-A31, MRS-A69, UOMA-A76, NRDC-A102, PSI-A10Q9,
PC-A115, ZPG-A132)

Sections 3.2.1, 3.3.1, 3.8.2, and 3.8.3 have been added. They discuss the somatic and genetic
effects of radiation exposure from plutonium-powered pacemakers.

5.3.8 Terrorism and deliberate dispersal
(GES-A28, JKF-A30, FSCI-A30, RG-A32, PJ-A60, HRL-A61,

UOMG-A70, UOMS-A100, RMO-A108, PP-A113, SRP-A113, PC-A115,
SIP1-A125, IPG-A130, A131, A132)

Section 3.9, “Terrorism and Deliberate Dispersal," has been added.

5.3.9 Patient identification
(KZM-A31, HRL-A61, UOMA-A76, NRDC-A102, ZPG-A130)

Patient identification jewelry and wallet cards are for the identification of pacemaker patients
by proper authorities in the event a patient is involved in an accident or needs emergency help.
Such jewelry is in common use by persons with various types >f medical problems requiring
special attention.

These identifications are sufficient for authorities to identify a patient's body in the event
of his demise. If this identification is missing from a body, a coroner will notice the scar
and bulge of a pacemaker under the skin of the body. Tattooing a patient is not considered
necessary, and a tattoo can be obscured if the patient is burned in an accident.

On the other hand, the pat® nt's jewelry could serve as identification if sought out by a
terrorist; however, there will be very few patients in the U.S. population, and similar types of
jewelry are used for other medical purposes. It should also be noted that medical records on
nuclear pacemaker patients will remain confidential, as is typical with all medical records.

5.3.10 Nuclear gadgets
(PC-A115, ZPG-A130)

Plutonium-powered pacemakers were developed for specific medical treacment of cardiac patients.
Any new uses of radioisotopes will be licensed only on the merits of their proposed use.

5.3.11 Estimation of contamination and cleanup costs

(SOTN-A13, MRS-A7 . UOMG-A0, UOMA-A76, NRDC-A102, PC-A115, o n79
2P6-A130, A132, (2 Ui

~—

A commentor suggested that estimated costs of cleaning up environmental contamination from a
patemaker breach should be based on the costs of the cleanup of plutonium from incidents at
Thule, Palamares, and Rocky Flats, and from the contaminated residence of Karen Silkwood. The
Thule, Greenland, and Palamares, Spain, incidents involved the dispersal of metallic plutonium
from a military weapon in a foreign country. The Rocky Flats, Colorado, plutonium release was
caused by an industrial fire and involved a much larger quantity of metallic plutonium. The
estimation of cleanup costs is based on plutonium dioxide and not on metailic plutorium. The
postulated releases discussed in Sect. 3.7.2 involve a very small amount of plutonium diuxide
:hct is confined to a relatively small area. Cleanup costs are based on these considerations
Sect. 3.10).
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Costs due to deliberate plutonium dispersal are not considered because of the difficuity
assaciated with the conversion of the plutonium dioxide used in pacemakers to dispersabie
fines. (Addi.ional information is given in Sect. 3.9.)

5.3.12 Accountability and disposal

(SONB-AT1, NYS-A12, KZM-A31, UOMA-A76, NRDC-A102)

The regulatory framework governing the use, accountability control, and disposal of plutonium-
powered pacemakers is currently being developed.

Prior to disposal, the plutonium heat sources may have sone recycle value, and if a manufacturer
does choose to recycle his heat sources, his recycle procedures will be regulated by the NRC or
an Agreement State. The disposal of plutonium fuel from pacemakers will be dome in accordance
with regulatory requirements in existence at the time. It is contemplated that the Federal
government will be responsible for the management of such wastes.

The plutonium-239 content in the pacemaker-grade fuel is immaterial when it is disposed of
properly. If a pacemaker is lost, it would be difficult to determine its fate in several
hundred years. It would most likely remain buried, and any fuel capsule rupture would add an
insignificant amount of plutonium to the terrestial environment as compared with the estimated
inventory of plutonium currently in the biosphere. (See, for example, Table 3.10.)

The intended routine use of plutonium-powered pacemakers, enabling a patient to move about and
carry on daily activities without regulatory restrictions, is predicated on rigid design and
construction requirements for the fuel capsules and fuel form. In other words, a pacemaker could
be lost o .aruged without significantly affecting the environment. To date, no 1asses of or
releases rom olutonium-powered pacemakers have occurred.

The cost of pacemaker control and accountability is based on record-keeping systems presently in
use. If a centralized record keeping system is established such costs may be recovered from
licensing fees or registration fees. Presently, the accountability of piutonium-powered pace-
makers is, by protocol, the responsibility of the participating medical institutions ard
manufacturers, and no additional costs have been incurred by the Commission other than the cost
of revicwing the regular semiannual reports.

5.3.13 Other comments related to Section 3

(SOTN-A13)

Absorbed radiation “uses are given for both individuals and groups for normal and postulated
accident situaticus. The calculated risks are a composite of the yearly group exposures.

(EPA-A3)

Dose commitment data from postulated accidental plutonium releases have been corrected to
facilitate comparison and are redefined in terms of exposure from one year of nuclear pacemaker
availability.

Patients' absorbed radiation doses to the lungs were not considered in the draft Statement.
However, absorbed doses to the axillary lymph nodes weie considered because of their proximity
to a subcutaneous implant above the pectoralis muscle. The dose to the lymph nodes would be
much higher than the lung dose.

The lungs are spread across the chest cavity; hence, there will be a variation in absorbed dose,
whicn varies approximately as the inverse of the square of the distance. The integrated dose-
equivalent for ten years to a patient's chest region is shown by the isodoce curves in Appendix
F. The lung dose will vary from less than 1 rem to approximately 10 rems for a ten-year exposure
from a typical pacemaker.
6 2 I O 20
& ! J .b'

A major portion of Sect. 4 has been rewritten to reflect new information and comments from
reviewers. New inrformation was obtained from literature references cited by reviewers and from
a physiciar .' questionnaire sponsores by the Commission. The physicians' questionnaire wis
initiated to obtain information from the medical community regarding the need for, and choice
of, long-1ived pacemakers. The results of this questionnaire are summarized in Appendix G.

5.4 RESPONSES TO COMMEN:" "N SECTION 4
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It was also suggested in some comments that the alternative of "no action” snould be considered.
"No action" would involve a continuation of the present investigational Ticensing of pacemakers
in which limitations have been placed on the number of nuclear pacemakers that may be distributed
and on the number of medical institutions licensed to use the pacemakers. Sufficient information
is available to make an assessment of the routine use of plutonium-powered pacemakers. It would,
tnerefore, be unfair to deprive patients who could derive medical benefits from plutonium-powered
pacemakers of the opportunity to receive such benefits and to deny manufacturers the opportunity
to commercially distribute pacemakers that have been demonstrated to offer improved performance
and a long projected lifetime with low environmental risk. Consequently, the alternative of
"no action” is not considered reasonable and is not recommended.

' 5.4.1 Need for plutonium-powered pacemakers
(UOMG-A70, PSI-A109, SIPI-A125)

The need for a long-lived plutonium-powered pacemaker became apparent in 1966 when the concertual
design of such a unit called for ten or more years of service life.

Notwithstanding the rapid developments in pacemaker power-source technology, the need stili exists
for the long-lived pacemakers for the lifetime treatment of pacemaker patients. Two “ypes of
pacemakers are currently (1975) available which may offer patients lifetime pacing. However,
neither pacemaker has a proven longevity and it will take severa! years of clinical experience to
empirical ly determine average pacemaker service lifetimes. (Plutonium-powered pacemakers are
presently subject to Ticensing restrictions under a carefully regulated clinical investigational
arogram regulated by the Commission.)

Pacemakers will be selected to fulfill a particular need in the medical treatment of pacemaker
patients. Therefore, there is a need to broader the choice of pacemakers to include nuclear
pacemakers so that the physicians will be able to make the best selections for their patients.

Time, marketing factors, and new pacemaker developments will determine the eventual acceptability
of any lifetime pacemaker. For plutonium-pacemakers, routine use involves physician acceptance,
higher unit costs, and some degree of radiation risks; for the rechargeable pacemaker, physic‘an
and patient acceptance are prerequisiie, since these units demand continuous maintenance on the
part of the patient.

5.4,2 Patient sel:ction criteria

(HEW-A4, MRS-A69, UOMG-A7G, UOMA-A76, NRDC-A102, PC-A115)

A'thougn discussed in the comments, regulatory restrictions are not anticipated to be placed on
the selection of patients receiving plutonium-powered pacemakers. Thi, is a medice  decision,

and the physician must use his best judgment and preference in selecting treatment, for each of
his pacemaker patients, from the available alternatives. In view of the regulatory requirements
on nuclear pacemakers, which do not appiy to other pacemakers and the higher initia) cost of
nuclear pacemakers, it is not likely that nuclear pacemakers will be used frivolously or that they
will be selected for use by physicians or patients -except in those cases in which the longer
maintenance-free service lives of the nuclear pacematers offer a significant advantage in the
medical care of the patient.

5.4.3 Altermatives

(EPA-A3, HEW-A3, USCG-A6, SOTX-A14, JH-A57, HRL-A61, MRS-A69, UOMG-A70, UOMA-A76, NRPB-A100,
NRDC-A102, PSI-A109, PC-A115)

New information has been added to Sect. 4.2, “"Alternatives.”

5.4.4 Leads and electronics
(HEW-A4, SUNB-A11, UOMG-A70, UOMA-A76, NRPE-A100, NRDC-A102, PSI-A109, PC-A115) £

Section 4.4.2 was added to discuss lead and electronic systems.

Any failure of hardware, either pacemaker or leads, will require additional medical treatment to
correct the condition. Most random failures are associated with the ejectronic components of the
pacemaker, while problems with leads usually occur in the early months after implantation or after
a replacement operation. (Lead problems will be discussed in a later paragraph.)



The 4RC is presently monitoring the performance of plutonium-powered pacemakers to determine
whether the overall reliability and longevity of the entire pacemaker system can make effactive
use of the long-lived plutonium batteries. A computer program has been developed to detect,
statistically, the development of any systemic failure modes associated with the different models
of pacemakers. If any such failure modes that would make the pacemakers unsuitable for use are
detected, the particular pacemakers will be removed from the market until the situation is
corrected.

It has been argued in some comments that radiation damage to the electronic components would
represent a failure mode. However, experience with space satellite hardware and radioiostupic
thermoelectric generators, together with other data on radiation damage to semiconductors,
indicates otherwise. Plutonium pacemaker manufacturers are aware of these data, and there is no
reason to believe that radiation damage will occur to the electronic compunents at the radiation
levels involved in pacemakers.

Lead failure is an independent variable and does not limit the useful Tifetimes of all long-lived
pacemakers. Most leads in service have exceeded the lifetime of any conventional pacemaker, Most
lecd failures are caused by stresses on the ileads that often occur in conjunction with removal

and reimplantation of pacemakers, rather than by wearout from flexion. Therefore, use of longer-
lfiwid pacemakers, which would not require replacement, would reduce the possibility of lead
ailure.

Modern leads, in accelerated flexion tests, have demonstrated an ability to withstand arf average
of 500 million flexions (equivalent to 15 years of pacing) and as many as one billien flexions
(equivalent to 30 years of pacing). The lifetimes of leads have been extended bocause of improve-
ments in lead desian and improved surgical techniques.

5.4.5 Mortality and complication rates

(HEW-A4, FSCI-A30, HRL-A61, JOMG-A70, UOMA-A76, NRDC-A102, PSI-A109, PC-A115, SIPI-4125)

It is acknowledged that the mortality and complication rates for pacemaker reimplantations quoted
in the DES are outdated. The comments are supported by the responses in the physician', guestion-
naire (Appendix G).

. In the light of these comments and gquestionnaires, the approach of assessing benefits on lives
saved has been retracted.

5.4.6 Cost considerations

(EPA-A3, SONB-AT1, SOTN-A13, JH-AS7, UOMG-A70, UOMA-A76, NRPB-A100, NROC-A102, PC-A11S5)

The cost analysis of Sect. 4 has been recast to reflect new data and comments by reviewers.
(Factors such as assigning a dollar value to a year of life have been dropped.)

The justification .or allowing the plutonium-powered pacemaker to be marketed, considering its
additional cost over an alternative.pacemaker, has been questioned. The purpose of this Statement
is to determine whether plutonium-powered pacemakers are safe and reliable and whether they offer
unique advantages that cannot be satisfied by an alternative pacemaker. Comparative costs are
presented for all pacemakers for the purpose of gaining perspective.

Alsa, in the selection or prescription of a medical treatment when 1ife and health are at
stake, costs are not necessarily a limiting factor, and the Jowest cost 7lternative is not
necessarily chosen or required,

5.4.7 Bennfit and be fit-cost considerations g ~

F
A 0
(EPA-A3, UOMG-A70, UOMA-A76, NRPB-A100, NRDC-A102, PC-A115) . 0("2

e e

Assessment of benefits and cost-benefit considerations have been redrafted in Sects. 4.6 and 4.7,

All significant costs are taken intp consideration either directly or indirectly. For example,
the purchase price of plutonium-238 fuel will include costs due to occupational :© ‘rsonnel
monitoring, health benefits, etc. If the pacemaker manufacturer is responsible for disposal of
the unit's plutonium, this cost will be built into its purchase price.
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5.4.8 Risks from chemical battery-powered pacemakers
(WG-A128)

The risks from plutonium-powered pacemakers are discussed in detail in Sect. 3; however, the

risks from chemical battery-powered pacemakers have not been discussed. Accidents in which
pacemaker patients may be involved (Fig. 3.1) are also applicable to chemical battery-powered
pacemakers, However, this is where the similarity ends. Probabilities of pacemaker rupture,
source terms, environmental discrimination factors, and dose-response curves will all be different
in a risk analysis of chemical batteries.

Qualitatively, probabilities of rupture will be nearer to unity, since chemical battery pacemakers
are not required to withstand the same prototype tests as the nuclear-powered pacemakers. Given
the same prototype test cunditions, all chemical-battery-powered pacemakers would rupture and
release their contents to the environment. A detailed analysis of the risk associated with

such a rupture is beyond the scope of this report, but any significanc risk from chemical~
pawered pacemakers would tend to enforce the conclusions drawn in the Draft Statement.
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‘ UNITED STATES ENVIRONMENTAL PROTECTION \ g
./ WASHINGTON DC 20480

5 MER W75

Mr. Beruard Singer, Chief
Materials Branch

Directorate of Licensing

U.5. Muclear Regulatory Commission
Washiagtor, D.C. 20585

Dear Mr. Singer:

The Environmental Protection Agency has reviewed the draft
*generic enviremmental statement on the wide scale use of plutonium
powerad cardiac pacemakers lssued on January 16, 1975, and our
comments are enclosed.

The Nuclear Regulatory Commission staff is to be complimented
ou the detailed analysis of the possidle accldest modes which could
result in the release of pluronius from the pacemaker. However, the
draft statement does not discuss the saterials protection program
that would be instituted at hospitals or the disposal facilicy, In
our opinion the materials security measures involved in the program
should be discussed in the final statement.

Our other comments discuss the need for addicional informatien
and corrections in the cost/benefit wnalysts and additions to the
discussion of alternatives to the plutonium powered cardiac pacemsker.

In accordance with EPA procedures, we have classified the project
"LO" (Lack of Objections) and rated the draft statement ae
2" {Insufficient Informatfon). We will be pleased to discuse our
comments with you o members of your scaff.
Sincerely yours,
K fildon. Priocpae
Sheldon Meyera
Director
Office of Federal Activities (A-104)
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1. Lung doses are not calculated or discussed in Section 3,
This dowe could be substantial for the pulse generator located abo.a
the left pectoral muscle. It should ¢ w be soted that doses to
tissues adiacent to the pacemaker coule « greater than &) rem/year.

1. Co page J-44, 1t 1s not prover to cxfine an annual dose
commitment by taking one-fiftieth of the 50-year dose commitment
tises the expected nusber of breaches per year. This does not
cccount for anneal doses from previous bresches. At equilibrius
the annusl dose commitment is the total $0-year dose commdtment
from one bdreach times the expected numbsr of bresches per yesr.
This gives & population dose 50 rimes larger *han reported here,

3. The cost benefit analvsis in the draft statement addresses
the costs to soclety hut does not appear to include the coste to
the individual using the pacemaker. The draft ststement does not
factor l!i’ the cost analysis the additional expense to the fodividual
of a Py povered pacemaker which, {f tncluded intc the overall
cost, can make o difference.

i," The value of each sdditional Life saved as & result of
the Py pacemaker is computed on the basis of income potential and
the value which f9 vwed {5 the saverage value (515,000) for 0.5,
population. This value seems unrealistic fn light of the fact that
“EST of the pacemsker reciplents are between the sges of 60-90 years.
The average yearly income for peapls in thae age bracket 60-65 years
is actually closer to $8,000.

5. The AEC computation scorues the benefits over 8 14 year
period (average additional expected lifetime ot pecemaker recipient)
while the cut,"n figured only ove. & ten year pariod (euggested
lifetrime of Pu pacesaker ). To calculate the costs over a 14 year
period would invelve adding in the additional cost of second pace~
maker lmplant, The cost analysis in the final statement should be
recalculated to ioclude these changes.

£~y
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Comments of the U.5. Eavironmental Frotection Agency on the Draft
Generic Environmental Statement on the Widr-Scale Use of Plutontum
Powered Cardiac Pacemakers

Introductice

The Envircomental Protection Agency has reviewed the draft
generic enviroumental statement on the wide-scale use of plutoniue
powerad cardiac pscemakers issued by the Nuclear Regulatory Cowm-
nisston (NRC) on Jasuary 16, 1975 Following are cur generasl
comments :

1. The information presested o6 the radiclogical hazerde froe
wide-scale use of the plutonius powered cardiac pacemaker appears
to be comprehensive.

2. The statement does not discuss the need for saterisls security
for the plutonium pacemakers while la storage at the hospital or
disposal site. The fisal statement should discuse the saterisls
protection aspects of the pacemaker program.

Alternatives

The section discussing alternative pacemakers should be expanded
te include greater detail of the developmental steges f other power
sources for the pacemaker. For example, a pacemaker utiliziog &
rechargeable chemical battery has been implanted in humans recently.
This battery, a mercury-silver one, has been subjected to accelerated
life tests and is predicted to be able to operate for three years
between reciarging and for 20 years before replacement is needed.
This should be considered as an alternative.

$t171 another pacemawer which uses & vechargeable nickel-cadmius
battery is beginning its third year of tests. More than 1,200 patients
have worn this pacemaker successfully. The total cost of the recharge-
able pacer is about $2,200 in additien to the cost of once-only surgery.
Rechargicg is accomplished in a 90 minute, once-a-week sesyioo and
is done through the patient’s skin. Estimated total life of the
device is estima“ed at greater tham 25 years.

DEPAF IMENT OF HEALTH EDUCATION AND WELFARE
OFEICE OF ThE SECRETARY
WALwNG TON DL -

WMAR 201975

Mr. Bernard Singer
Chief, Materials Branch
Fuels and Materials
Directorate of Licensing
Atomic Energy Commission
Washingtom, D. C. 20545

Dear Mr. Singer:

We have reviewed the Generic Draft Environmental

Statement on the environmental considerations relating

to the Vide~-Scale Use of Plutonium Powered Cardiac Pace-
makers. On the basis of our review, we offer the following
comments :

1. We found no specific mention as to the possible
adverse health effects on patients that might result
from radiation dose. Although the average age of
the patients is over 66, as shown in Table 16, page
4-10, it may alsc be seen that they have sufficient
1ife expectancies during which to accumulate dose.
Further, those relatively few young patients, age
~0«15, would probably be smaller jn stature than the
mode]l within which dose rates were measured and thus
would accumdlate dose at a qreater rate than an adult
person. As a group, children would tend to be more
radiosensitive than adults. These factors should be
addressed in greater detail in the final statement.

2. The control and final disposition of the plutonium
residual in these devices presents the major potential
environmental impact to humans from radiatiom.

Part 2.5.3, page 2-19, describes a proposed system for
accountability and regovery, but only in outline. We
sugoest that physicians and morticians be well informed
with regard to the identification of the nuclear device
bearer, and be reguired to report the discovery of the
nuclear device in a cadaver to the appropriate authorities
for appropr.ate disposal. Disposal of the radicactive
materiai is an important aspect for safeguarding the
public and the environment in the wide-spread use of

the plutonium pacemaker.

v
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| Page 2 - Mr, Singer Page 3 - Mr. Singer

l 3. We disagree with the assumption taat battery decay to the older population group (i.e. that with a

, is the only systematic failure mode. For non- shorter life sxpectancy) from a replacement ration

[ hermetically sealed pacemakers, moisture absorption could tend to reduce the cost du:Sv-nm t:’:ho older
o:-:h: :iwd of time can eventually result in failure group.

, o R

| Thank you for the opportunity to revi thi tatement
. 4. Page 4-9 indicates that pacemaker patient mortality Y X ‘e T .

rates due to natural attrition are the same as those Sincerely,

of the U.S. populace of the same ages. We found no

dats presented to confirm this statement. &‘. W
5. Page 4-4. The data on the rechargeable battery appears Charles Custard

out~of-date, as many recent publications have indicated. Director

Office of Environmen airs
6. Page 4-15 lists the life expectancy as 14 years. hd, a8
Elsewhere in the document, it is stated that 138
‘ the population was assumed to die each year. This
. may be a statistical problem, as the figures are
important in calculating the benefit. The actual
life data for pacemaker recipients is needed.

7. Page 4-25, Recommendation #2. We feel that the

reporting of all failures should be required, at all >
times, not only during the investigation phase.
Additionally, in the risk benefit analysis, a random
failure rate of 15%/mo. is assumed. This figure is
base” in a large extent, on the manufacturers published
fig.res, However, some investigations have the
ac.ual failure rate to be up to .4-.5%/mo., and one
ranufacturer has advertised a random failure rate of
.37/mo. Tnis implies that the projected figures for
conventional powered pacemakers used in the analysis
would be seriously affected. Also, if the same

random faillure rates are assumed for nuclear powered
pacers, a 10~20 year lifetime would not be accurate

for the majority of the pacers.

i
%,

i

The draft statement does not mention the fact that with
the average life expectancy (average age of 66) being
abour 8 years, very few patients would have more than
one replacement of a 5-6 year life chemical battery
unit. However, the possible greater than average risk

£80
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This 15 in respoase 10 your letter of 16 | y 1975 addr: d to Mr.
Benjamin O. Davis concerning a Generic Draft Euvironmental Statement
relating to the wide-scale use of plut .alum powered cardiac pacemakers.

The concernsd op ing adm atjions and staf! of the Departmen: of
Transportation have reviewed the material subnuited. The Coast Guard had
the following comments ro offer: (TheOffice of the Chiel Medical Officer).

‘Plutonium powered cardiac pacemakers do have a great advantage over
the conventionsl powered cardiac pacemaker in that the lile of the plutoaium
pacemaker 15 approximately five times «s long as current batteries in presemt
pacemakers. fts main disadvantage 1s that ¢ dogs emit gamma rays and neutrons,
and while it 18 considerad (nconseguential at the present time, R may noi be
considered 50 at some future date. We have many examples of this in medical
literature when radiation was considered safe and then proven to be not so 20
years later. Such an example (s radiation of thymus in children and now we
have increased incidence of thyroid cancers in these individuals

“Perhaps the U, S. Atomic Energy Commission should compare its cardiac
pacemaker to the nickel cadmium battery that is inplanted in the patient s chest
wall and can be recharged through the skin. To charge the device. the patient
puts oo a lightweighted jacket, plugs it into a box with electronic components
which i turn plugs into ordinary electric socket for 90 minutes daily, It is
believed this battery will last for 25 years. [t is understood that over 1, 000 of
these batieries have been implanted.

“Pased on current scieatific data, it appears that the platonium powered
pacemaker would be much less desirable for many reasons when compared to the
aickel cadmiom bartery which was developed as a refinement of space satellite

technology .

The Departnent of Transportation has so other comments to offer. It is
requested that the final statement address the concern of the Coast Guard.

The opportunity 1o review this generic draft statement is appreciated.

u).aw

W.E CALDWELL
Cap™ =77 "oust Guand
YO Manine

res

Sy divec. - . - Commandant

9-v
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Srare or FLomipa

Bepartment of Administration
Division of State Planning
S50 Apeisches Pakway - 1BM Dufiding —

TALLARASSEE
12304
(904) 488-2371
April 17, 1975

SECAETRAT OF A

Mr. Bernard Singer., Chief
Materials Branch

U. 5. Atomic Energy Comsission
Washington, D. C. 20545

Dear Mr. Singer:

Functioning as the state planning and development clearinghouse
contemplated in U. S. Office of Management and Budget Circular A-95, we
nave reviewed the following draft environmental ispact statement:

Atomic Energy Commission: Wide-Scale Use of Plutonium
Cardisc Pacemakers (SAl No. 75-1129m).

During our review we referred the environssntal iagact statement to
the following agencies, which we identified as interested: Depar*ment of
Health and Eehablilitative Services, Envirorswntal Information Center, and
the Departaent of legal Affairs. Agencies were requested to review the
statement and comment on posaible effects that actions contesplated could
have on matters of their concern. A letter of on the st is
enclosed from the Department of Health and Rehabilitative Services. WNo
further comments were received,

In sccordance with the Council on Envirosnmental Quality guidelines
conoerning statesents on proposed federal actions affecting the environment,
as reguived by the National Environmental Policy Act of 1969, and U. §. Office
of Management and Budget Circular A-95, this letter, with attachments, shou’d
be appended to the final envirenmental impact statement on this project.
Comments regarding this statement and project contained herein or sttached
hereto should be addressed in the statement.

We request that you forward us copies of the ‘inal environmental ispact
statement prepared on this project.

Sincerely,

E. B, Maroney, Chief
Bureau of Intergove

Enclosures
oc: Mr. ©. J. Keller
Mr. Robert Shiver
My, William Partington

Reubin 0D Askew

A Gow 1 m Tl Wilkeme

REF. NO: DHRS

SPDC (SAN____75-11298

TITLEDraft Generic Enviropmental Statement cn Widescale Use of
Flotonton Cardios Porcaators  arens. oo SLESE7I0. 000 ¢

APPLICANT U.5. Atomic Energy Commission

T0. x th Ireland. S v
Department of Administration
E.E.Maroney,
Artn
11
OJJMJO Atergovernmental Relations

FROM
Department of Health and Rehabilitative Services

By Division of Planning and E va'uation
SUBJ  NOTIFICATION OF INTENT TO APPLY FOR FEDERAL FUNDS

The project wentified above has been reviewed in accordance with OM.B.
Circular A 95 Action recommended:

[} The project is consistent with the . “d objectives of the
Department of Heaith and Rehabiitative Services. Favorsble
axction is recommended.

E] Substantive comments have been recetved and are summarized
n the sttached.

Conference with applicant s requested.

The project s 1ot consistent with the Joals end objectives of the

Department of Health and Rehabilitative Services. Approval &
not ded tor described in the sttached.

00

L=y



" OF_SEATL FLANNING.
Bureas Of
STATE OF ¥LUR DA g |
DEPARTMENT OF HEALTH 47D REHABILITATIVE SERYICES “ J w5
" |
0.2, o Prior Notification and Review S, stem MECL vt ‘

SAL VO, e

Secretary Date ."eb;u-r-("i&, ;-!72
MEMORANDUM
REF. NO: DHRS SPDC (SAN)__75-1129E

TITLE Dra‘t Geraric Erviron~estal State~
o utonium Cardiac vace-aners

APPLICANT U.S. Atomic Znergv Commission

TO: Robert H. Browning, Chiet
Bureau of Comprenhensive Rehabilitation Planning

FROM: Federal Programs Coordinator, Division of. ==l 1L g
The proposal identitied above was ed by

jiibomas ¥ Mercis, Public Mealoh Phvelcist Ul
Reviewer's Name ano Titie P

R
Reviewer's Comments: (Use additional sheet if needed)

Mazch 7, 1975
Date Reviewed

The draft "Generic Environmental Statement on Wide-Scale Use of
Plutontum Cardiac Pacemakers” {s well done and covers all conceivable areas
which may affect the environment.

The Radiclogical and Occupational Health Section of the Divistion of
Bealth of the State of Florida ia cooperation with the Materials Branch of
the U. §. Nuclear Regulatery Commission (formerly U. S. Atomie Energy
C.smission) has f{ssued two radicactive materials lice: ses in Florida authori~
zing the distribution of n.. lear pavered pacemakers to medical institutions

icensed by the U. S. Nuclear Regulatory Commission or Agreement States.
ahis Section has also licensed 14 institutions authorizing i1mplantation of
ouclesr powered pacemakers in patiests., All areas of concern have been
thoroughly explored and it is felt by this Section that adequate safeguards
have been provided for the use of nuclear powered cardiac pacewakers on an
iovestigational stage basis. The draft "Generic Environmental Statement oa
Wide-Scale Use of Plutonium Cardiac Pacemc<ers” on Page 2-19, Sectriom 2.5.3
Accountability and Recovery, discusses the methods by which accountusility
and recovery are presently accomplished. It 5 the opinion of this Section
that a National regulatory accountabi'irs and recavery system should be
established with appropriate rege'.’.ons prior to wide-scale use. The manu~
facturers of nuclear powered -«-.iac pacemakers are predicting a normal .ife

of these pacemakers of between 10 and 30 years. The present requiresent
places the burden of dccountability on the licensees; however, as the use
of these pacesskers increases, it may be impossible for (nstitutions to
maintain adequate records due to the mobility of patients, alse due to the
closing of certain licensed institutions, and possibly due to future legal

decisions which may nullify the inf ] ag originally signed
by the patient.

8-y



STATE OF KANSAS 4 oxoe

MM»’@M

DIVISION OF THE BUDGET
STATEMUSE  TORERA skt

February 6, 1978

Mr. Bernard Singer, Chisf
Matestals Branoh

Pusle and Materials
Directorate of Licensing

U.8. Atomic Energy Commission
Washington, D. C. 20548

HE: Environmentel Statemsnt on the Wide-Scals Use of Flutonius
Fowsred Cardisc Pscezakers
Clearinghouse Nusber 1637.24.998(RS)

Dear Mr. Singer:

I\ The refersnced snvironmentsl statsment has Leen processed by the
= Division of the Budget undar its olearinghouse respousibilities desorided
12D in Cirsular 4-98.
P
After review by intarssted state agencies, it has besn found that
the proposed project does not adversely affect state plans. We ame
snclosd gz comments received from the University of Kansas Medioal Center
concerning this project for your information and referral .

260

irector of the Budget
JW%: REX : rw

Enolosure

State Clearinghouse
State of Kansas

PEQUEST FOR ACTICN ON PROPOSAL (UNTER OFF1CE OF MANASEMENT AND BUDGET CINCULAR 4-98)

igerc; Neme
PR, Sehlec b, M.D. , Dean of Hessarch , Kanses University Medical Center

Clearinghouse Nezt - Applicant's Nase

1637-4s.535(28) U.3. dtede cnargy Comsiweien
Sested Filing [Atv Protest Tiiie N
Pt roqrentel 5t toment on the Tide -Scale Use of
Alvteuks Forores Tprcl
TR TN e —
turn to Mvislon of the Budget, Tepartment of Adeinis-

Paoruary 7, 1770 )/,unn. 1st Floor, Strishouse, Topeks, fansas 66612
- 1
il ’

The enclosed propdsal has deen submitied '. the Mvision of the Budget under its
c.earinghouse respinsibiiitles described {1 OfTioe of Manageaent and Sudget Cirsuler
1.95, Your weVies of this propssal es 1t affects the irtwrest of the state will be -
epprectoued. Your < propriate comments concerning the proposal should be submitied
0 e Division of the .udget 7n¢ later than the date sjc2ified adeve

Comzents filed on a propesal may inciude: (1) the sxtent to ehich the project
iw consistent with or contributes 'o the fulfillasnt of comprahensive planning eith.
ir he state; (2] how the proposal reletes to stete abjsotives; and (3) the effect

f the propossl con your agency’s estivities,

Ne Oojections

td"/onnu ons
(discuss balow)

: Request for Additional Informmtieon
{dimousns bel w)

Reguest for a Conference

CONMENTS -

p - - e - -
. ,HAAL.. s ';r_l,r‘»‘z; s ,é"... .'. P ¥ e :-g. 'g"lﬂl‘l“lé"ﬁ
o Z;u 1 L SN g, 4
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9. T Commomueaf of Massackuiotts

%/.%D.Mu/u‘-,-t
Laverstt Sallonstill Baclding. HKowm 909

Titimas TasEs

Sernard Singer, Chietf
Muterials Branch

Fueln and Materials
Directorate of Licensiog
Atomic Energy Commiselon
Washington, D.C. 20543

Re: A-95 Review of Draft EIS on Plutoalum Powered Cardiac Pacemakers
State Clearinghouse ldentiffer 75010042

Dear Mr. Singer:

The State Clearinghouse, in sccordance with the provisions of OMB Circular
A~95 and Natlonal Envircamental Policy Act, has revieved the asbove cited Drafc
Environmsental [mpact Starement on the Wide-Scale Use of Plutontium Powered Cardiac
Pacemakers .

Comments were requested from the Departments of Natural Resources and Public
Health and the Office of Comprehensive Health Plamning.

The Deparcment of Nactural Resources is satisfied that the Draft FIS adequately
treats the subject., No other comments have been received to date, Any comments
we may recaive in the future will be forwarded for vour information.

Sincerely,
o«
‘varly Vel tc&cu.

Adriana Clanturco
Acting Director of State Planning

AG/PS/b

cor Mr. Arthur Browsil!, DNR

T
r~

8 - - s

STATE CAPITOL  CINCOLN  NEBRASKA S8S0%  (402) 47 -2414

OFFICE BOX 34801
OoF
PLANNING
! AND ! Gavetyww 1 Janes £
[ PROGRAMMING | i
—_— S——— |

February 26, 1975

Acting Deputy Oirector for Fuels and Materials
Directorate of Licensing - Regulation

U. 5. Atomic Energy Commission

Washington, D. C. 20545

Dear Sir:

oL-v

Project 75 01 31 38
Plutonium Cardiac Pacemakers

Under the provisions of OMB Circular A-95, this office has
conducted a state level review of the generic draft environ-
mental statement on the wide-scale use of plutonium powered
cardiac pacemakers.

The proposed pro?rll does not appear to conflict with any state

level comprehensive plans. No adverse comments were recefyed
from state agencies during this review,
Sincerely,
A e
S. Golden
Human Resources Coordinator
J$6:np
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OFFICE BOX G4601 STATE CAPTOL LINCOIN NEBRASARA 68509 (402) 471-24M4

Guwrsge & Jures Een

March 4, 1§75

Acting Deputy Director for Fuals and Materials
Directorate of Licensing - Regulation

U. S. Atomic Energy Commission

Washington, 0. C. io

Dear Sir:

Project 75 01 31 38
Plutonium Cardiac Pacemakers

The enclosed comments from the University of Nebraska Medical
Center were received after completion of our review 0f the
generic draft environmental statement on the wide-scale use of
plutonium powered cardiac pacematers.

These comments are forwarded for your information and use in
the fina) statement development.

Sincergly,

/M
h S, Golden
Human Resources Coordinator

JiG:inp
cc: Conny Nelson

- - e e ek

UNIVERSITY OF NEBF ASKA

Diie_2-20-75 STANDARD MEMO F¢ g m
ToDept ol Awp Chancellor Sparks B R .
Ors. El1ot § Dzindzio Cardiovascular Medicine [J Please Return
ZLOMTC TAEray TORMISSTON NOUTCE of RVAT aBTITEy of ¢ O Your Files
Subjapt L1V IrONMENTa] Staterent on the Wide-Scale Use of Plutonium g """'c ;‘.--_

Message

Toe following 1s a 11st of our opinfons as to the usefulness of the plutonium powered
pacemakers :

Although the plutonium units have o iiderably longer perfods of power supply,

this does not reconcile the fact that other sections of the pacemaker unit,

i.e. the pacemaker wires, are still a problem to be reckoned with and will n.mu
reinplantation at a frequency of five years or less. This means that the patient
will have to be exposed to surgical reexploration for insertion of the new pacesaker
wires at sbout a five year or less interval regardless of whether plutonium or &
conventional powered pacemaker unit §s inserted.

We are interested in the cost analysis of the plutonium pacemaker versus tin traditiona)
pacemaker battery units. Considering the Jifespan of the patient with complets

heart block and pacemaser and the number of years fred to maintain this patient
versus the fnsertion of a single expensive unit would be irteresting. This s not

been submitted with the statement and we consider this an inadequacy that should be '>
—_

considered.

The need for a unit lasting 90 years is dubious since most patients with symptomatic
complete heart block requiring & pacemaker unit certainly do not last tri, | and
Tive probadly an average duration around ten years. This can be easiiy uu* 1shed
with two of the newer pacemaker power unfts. The 80+ years supplied by the plutonfum
unit are superfolious.

Probably the most fmportant is the difficulty of disposing used plutonium units.
Plytonium maintains ability for particle emission in the range of several thousands
of years making safe disposal considerably difficuit.

Summary: 'We are not completely convinced that there is any need or use for plutonfum

powered cardiac pacemakers for the above reasons and 1f wide-scale use is to be
considered feasible we would 1ike to have the slove questions more completely answered.

BSD/1gk

RECEIVED
UKIVERSITY OF NESRASKA

FEB 20 i875

CHANCELLOR'S OFFICE
Ut Nebeosky Rlofics) Comser

R————— s
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WTATH OF NEVADA

OFFICE OF ThHE STATE PLANNING COORDINATOR
Cam o € v
Cumpon CHY NEvADs 80700
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March 14, 1975

M. Bermmrd Stinger, Chief
0.5, Atamic Erergy Commssion
wWashington D.C. 20545

RE: DRAPT ENVIRONMENTAL STATEMENT ON WIDE SCALE USE OF PLUJTONIUM
POWERED PACEMAKERS SAI # NV 75500016
Dear Mr, Singer:
Thank you for the opportunity to review the above mentloned project,
The State Clearinghouss has processed the proposal and has no comment.
Based on the information contalred therein and the responses of interested

parties, the proposed project 1s, as of this date, found nmot to be In
conflict with the State's plans, goals or cbjectives.

Sincerely yowrs,

7
et i’

Bruce D, Arkell
State Planning Coordinator

New York State Department of Environmental Conservation
30 woll Road, Alhany, New York 12233

Comeniss onor

March 26, 1975

U. 5. Ne-lear Regulatory Cosmmission
washangton, D. €. 20545

ATTENTION: Acting Deputy Director for Fuels and Materials
Uirectorate of Licensing - Regulation

Dear Sir:

The State of New York has completed its revies of the Commission's
“Draft Generic Fawvirommental Statement on the Wide-Scale Use of
Flutoniue Powered Cardiac Pacemakers."

The draft statement discusses in considerable detail the procedures
for keeping wach of the pacemakers and recovering the pacemaker for
controlled disposal. The potential problems of such recovery, inchad
the problem of cremation of a boly containing @ pacemaker, was adequately
reviewed by the Draft Statement.

Based on the prediction of a population of 10,000 patients there
could be 1,500 pacemakers recovered every vesr with up to 8 curies of
plutoniues in an individual pascemaker. This would amount to approximately
10,000 curies of plutonium per year to be disposed of in an acceptable
manner. The draft generic envirommental statement did not identify in
the report the method of ultimate disposal that would be used. It is
recommended that the final generic envirommental statement specifically
wentify the method of ultimate disposal and discuss any possibility of
recycling the plutonium.

Terence P, Curran
Director of Envirommental Analysis

A |



STATE OF OKLAHOMA
State Grant-In-Aid Clearinghouse
AN N INCORN BV ORL AR CTTY OmLAMOMA 71108 * FHONE (&%) S

NLNEY
N i1
A

February 5, 1975

Acting Deputy Director for

Fuels and Materials
Directorate of Licensing - Regulation
U. S Atomic Energy Commission
Washingion, [ C. 20545

RE: Notice of Availability of Generic Draft Environmental Statement on
the Wide Scale Use of Plutonium Powered Cardiac Pacemakers

Dear Sir:

The draft environmental statement on the above project has been
revicwed in accordance with OMB Circular A-95 and Section 102 (2} (¢)
of the National Environmental Policy Act by the stae agencies charged
with enforcing environmental standards in Oklahoma.

The state agencies, comprising the Pollution Coatrol Coordinating
Board, have reviewed the proposed project and agree that no adverse
environmental impact 1e anticipated. Therefore, the state clearinghouse
requires no further review,

Sincerely,

Don N. Strain
Director

AN | DNS:ms

D
N

STATL OF TENNESSER
OFFYCE OF URBAN AND FEDERAL AIRS —
w . o AR ,:2"
FAREWAT TOWERT B e /,:\'\ S
BARHYILAS DR ¥ L e
March 7, 1975

M- Bernard Singer, Chief
Materials Branch

Fuels and Materials

Directorate of Licensing
Nucisar Regulatory Commission
Washington, D. C. 20545

RE Ceneric Draft Environmental Statement
Plutonium Powered Cardiac Pacemakers

Dear Mr . Linger

As the designated State Clearinghouse for Federal development programs, we have
reviewed the summary and conclusions from the above captioned draft statement

The Tennessee Department of Public Health, Division of Occupational and Radiologicat
Health, addresses several areas regarding the subject material, namely,

1. ltem 2c, page vii - From the information available, it does ot appear that
nuclear powered cardiac pacemakers should be considered as items exempt
from licensing requirements

2 ftem 3, page ix - This item appears to give an average or weighted cost
for clean-up of a spil! of the radicactive material from a pacemaker The
cost for the clean-up of ane spill invelving plutonium fror: a pacemaker
should be considered

3 Mtem 3a, page vii, and item 3e, page ix - Does the "tolal dose to the U S,
poputation® include the calcu'ated *total radiation exposure (o man from
accidents involving nuclesr pacemeker patients"” Also, does the fact
that the two "totals" differ by only a factor of approximately 125 indicate
a relatively large numoer of accidents involving pacemaker wearers, a
very substantial dose to per-ons near an accident, or some other factors’

4 Nodata were found to indicate that the original and replacement cost of
nuclear and cor ventional pacemakers were includer in the monetary
values of benefit-risk comparisons

ey



Mr. Bernard Singer, Chief
March 7, 1978
Page 2

These substantive comments mer i{ your respinsive consideration in finalization
of the environmental statement. Therefore, we request that a response be made
10 the areas addressed by the above comments in the final statement .

We appreciate the opportunity to review this propasal we, or other reviewing
authorities, may wish to comment further at a later time If our office, as the
State Clearinghouse, can be of further assistance, please do not hesitate to con-
tact us

Sincerely,

Stephen H_ Norris
Grant Review Coordinator

SHN: mn

OFFICE OF TIIE GOVERNOR
DIVISION OF PLANNING CODRDINATION

March 20, 1975

Mr. Bernard Singer

Chief, Materials Branch

Fuels and Materials Directorate
of Licensing - Regulation

The United States Atomic Emergy
Commission

Washington, D. C. 20545

Dear Mr. Singer:

A summary of the Draft Emy.ronmental Statement, titied, “Oraft Generic
Environmental Statement of the Wide-5cale Use of Plutonium

Cardiac Pacemakers” prepared by the U. S. Atomic Enorf, Commission (AEC)
has been reviewed by the Governor's Division of Planning Coordination
and by the Texas State Department of Health as provided for by the
National Environmental Policy Act of 1969.

The Texas State Department of Health (TSOH) stated that they had no
objection to the widespread use of the plutonium powered pacemakers;
however, it was felt that recent developments in battery technology might
obviate the need for plutonium powered pacemakers.

This Division suggests that the AEC take note of the comments made by the
TSDH which are enclosed for your use. If we can be of further assistance,
please let us know.

incerely,
OM
JAMES M. ROSE
' Director
JMR/1ss
Enclosures

cc: Or. James E. Peavy, TSOH

PO BOK 12608 CAMTOL STATION AUSTIN, TEXAS 79711
Prioes 512475 7417 Ot Loceted # Sem Houwsion Swe O%ice Buliding
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204 Mowbray Resd

Silver Spring, Marylasd 20904
May 21, 1975

Mr. Bernard Singer, Chief

Materials Branch

Nuclear Regulatory Commission

washingtoa, D. C. 2055%

Dear Mr. Singer,

During wy 15 years as & nuclear reactor phyeiciet, I
learned to respect the benefits and hazards of suclear rediatios.
Now, a8 the recipient of a nuclear pacemaker, | believe I am
in & unigque position tc amsess its benefits and haxards.

The sajor benefit, aside from the fact that is is keeping
me alive, 18 the longevity of the device, A replacesent rate
of ten years means that I will have to undergo surgery oaly
once® every tan years instead of avery year with a conventional
pacemaker. while 1 do not know the failure rate for surgery of
this sort, I know it is not Lero. With the nuclear pacemaker
1 am not evjosed to the hazard of yearly surgery.

Another benefit is relisbility. Very few thinge in nature
are as constant and predictable as puclear decay. Conventional
batteriss, even the nower types, are subjsct to msoufacturing
error, A tiosal p y therefore, would sesm lesa
reliable than the nuclear device.

The only hazard that I can see would result fros & aajor
catastrophe to =, such a8 being blown up be & bowd, that would
rupture the pacemaker and disburse the plutonium into the esv-
jrotment. | am well sware of the highly toxic aature of plu-
tonium, dut T am also aware of the extremely low probability
that & catastrophic accident will happen to me or to anyone
else wearing & nuclear pacemaker. And note that only a eat-
sstrophe of truly sagnificent proportions is likely to rupture
the device.

Let me extend my heartfelt thanks to those who developed
the “uclear pacemakor, and to the AEC for ite foresight ia

N2 Al

licer« ag the device,

58353 Marlvoro Pike
District Heighte, Maryland 20028
May 29, 1975

Kr. Bernard Singer, Chief

Materiale Brasch

Nuclear Regulatory Commission

United States Atocic Energy Coamiesion
Washington, D.C. 20555

Dear Mr. Singer:

I have been inforwed that your Commission ia interested in hearing
all points of view regarding the nuclear pacesaker.

Si1-v

I received my pacemaker on June 13, 197% and have found it to be
very satisfactory. I have been very active and have had no problecs
whatsoever. 1 should think that tals pacesaker would be beneficial
to sany others.

Very truly youre,

/ér §i7 4 '/” »dM
Eve Bauer
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117 Ingraham Street, N. W,
Was C. 2001

Baroard Singer

Chinf, Materials Branch

Nuciear Regulatory Commiesion
U. S. Atormuc Energy Commission
Washington, D. C. 20055

Dear Mr, Singer:

This is ia response 10 a letter received from Dr. Nicholas Smyth,

my surgeon in three pace maker operations, the last of which was
ruclear powerad, Dr. Smyth stated there were numerous unfavorable
comments and opposition to the nuclear pace maker,

First, | would like to say that Dr., Smyth is a very good surgeon. 1
have the utmost confidence in his ability to make decisions as to the
type of pace maker his patients should use and the possible dangers,
if any, that may be derived from its use,

I had my nuclear pace maker implanted December 5, 1974, So far |
have had no problems at all, [ think the longevity and the reliability
of nuclear pace makers ~re very important to the patient recipient,
No one knows what it means 'o have a pa~e maker replaced every 18
months but those patients that have to have the surgery. Prior to the
use of the nuclear pace meker, all you can foresee in years ahead are
trips back and forth to the hospital for replacement due to run down
batte ies or other malfunctioning; anxiety and fear on the part of the
recipient and their family; the hazards of having surgery so often —

it can really yet you down mental | speak not only for myeelf but
for my brother, who is not fortunate enough to have the nuclear device
but has to have two pace makers due to medical complications,
Fortunate or not, we're both glad to be alive due to advancemants in
the medical sciences, It is far more desirable to be alive, useful and
productive than to die or become a financial burdon to your family.

Personally, I believe the nuclear pace maker is a very promising
device as it gives hope and encouragement to those people who are
fortunate enough to receive one. I certainly would not like to see its
curtailment or abolishment due to the 'not so knowledgeable public
or groupe. '’

Sincerely yours,

Ntre. Colle

(Mrs,) Marie Colbert
Patent Recipient

OEFARTMENT OF RADN OaY

College of Physicians & Surgeons of Columbia Uraversity | New York, N Y. 10032

AR West WO Sieel
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Pabruary 18, 1975

Dr. Bernard Singer
U.5. Atomic Energy Commission
Washington, D.C. 20545

Dear Dr. Sioger:

In responee to your request of January 16, 1975 1 have reviewed your
Draft Generic Environmental Statement on the Wide-Scale Use of Flutonius
Powered Cardiac Pacemskers lasued in January 1975.

Within my ares of competence most sspects of this document are
generslly satisfactory except for one major problem. This comcerns not
only the particular docusent under discussion but involves & broad fesue
which should be of basic importance to the Noclear Commismion.
This is the subject of risk benefit balances as carried out in Section &
of the document.

Apart from any philosophical or woral objections thet might be reised,
this type of analysis is compromised by a fundamental duficlency of the BEIR
report of the National Academy of Sciences. A recently released statement
of the National Council on Radiation Protection (NCRP Report #43) examines
this subject { some detail and offers the conclusion that the figures in
the BEIR report are highly uncertain and very likely gross overestimates
of radiation hazards at low doses. It might be argued that this is oot
fmportant in this particular {nstance since even use of the figures pro-
posed in the BEIR report leads to a balance which is well in favor of intro-
duction of the radiation producing devices involved. However, once NRC has
conmitted itself to the use of such calculations ft will be expected to adopt
thes in other instances under conditions where the balance is more cratical
and the conclusions drawn sight be erronecus. I have no doubt that thie
could readily occur. In an environmental assessment report on the per-
formance standard for diagnostic x~ray systems and their sajor comsponents
(21 CFR 1020.30-~1020,32) the FDA comes to the conclusion that certain im-
provements in diagnostic x-ray equipment should be carried out on the basis
of & similar risk benefit calculation. HRere again I agree vith the recom-
mended action, However, the risk benefit balance is much wmore delicate in
this case and if more realistic risk figures were to be employed it would
come out in the opposite direction, i.e. againet imp of fecs

9L~V



P B

™

Dr. Bernard Siager page 2 February 18, 197%

safety features, | believe there sre also indications that tne introguctien
=f such calculations fato the practice of radiology and nvclesr asdicine
could quickly lead to 1ll-advised actions.

For the above reasons I strongly recommend omission of the risk benefit
calculations 1o Section 4. 1 am aware that this involves & major policy
wecision.

One sdditionsl comment of somewhat lesser importance concerned the
cerminology in dosimetry ond specifically the use of tha expression "gamms
dose” iastead of "absorbed dose due to geasma -adiation.” Current national
and internatiorsl recommendations do not recognize the term “dose” to
represent & physical quantity. The proposed change say be considered unduly
formal axcept that & regulators agency might take the position that it should
waploy strict terminclogy.

-Iu the footnote to page 1-5 the term “barnes” should be replaced by
“barns” 1a two piaces.

1 do not understand the reasons for the restriction to 1 gram of
plutonium under 2.3.4.1 (vage 2-14). This corresponds to perhape two pace-
makers vhich seems to be a peculiar limitation.

At the end of the first paragraph on page 2 16 there 1s a santence
which would sppear to need clar!ication since 1 do not know vhat is wseant
by “frequency significantly greater “an the norm.”

5 On page 2-17 and in various other pleces throughout the document
)td-rmo is sade to & aonthly conventional pscemaker faflure rate of 0,151,
T 1 would presume that this applies to the device exclusive of its yover source
== (even then it seems surprisingly low). Whatever the meaning this needs to be

speciiied sioce | cannot belleve that it applies to the entire device.

On the same page the (irst sontence under 2.9 might well be challeoged

vws %0d 1 would suggest that the vord "desonstrates” be replaced by "indicates”.

£ Ou page 3}-1 the ters “radlation doses” should be replaced by "sbsorbed
<o doses” (11 desired one might add "of radiation”). Corresponding changes

should be made throughout the document.

Oo page 3~3 the last sentence in the first complete paragraph would
better ba concluded by "... s'nce tissue attenuates the neutrons emitted
sore effectively than the gamoa emissfon.” This is necessary since ueutrons
are ot alvays msore effecrively absorbed by tissue than gamma Tays.

Dr. Bernard Singer page ) Pebruary 18, 197%

On page 3-5 the first sentence should be changed to "All of the orgas
dose equivalents are below 0.5 rem/vear which s the sexisus persissible
dose equivalent for non-occupational exposute of the whole body sand the
critical organs including blood firming crgans and Jonadse...."

In the 4th line from the bottom of this page the word "ves” suddenly
appears wvhile "1a" 1s used throughout the sentence.

A dose equivalent of 660 mrem cean be incurred by sirplane crews ounly
11 they spend all of the 960 hours at an sltitude in excess of 40,000 feet
At magnetic latitudes beyond 50 deqrees. Even then this oumber represents
the maximum ,s'actic rate. The overall crerage 1o less. It seems quite
unlikely that atrpiane crevs sxceed 500 mrem/year.

On page 3-20 the table referied to in the third parsgraph is pre-
sumably 11.

In the next line the terms "integrated dose” is undefined and 1o lice
with sy comments at the beginning of this letter ft may well be eschewed.

On 3-22 the reference to lead aprons mignt be sisleading since these
are desigoed to substantially absoro only = rays ot sodest energies.

Yours sincerely,

Wl 12,

Harald E. Rossi
Professor of kadiology
HAR: 1oh
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CORATOMIC, INC.

BOX 434 INDIANA. PENNA 15701 (417) 348 1811
September 5, 1975

Mr. Bernard Singer

Chief, Materials Branch

Division of Materfals & Fuel

Cycle Facility Licensing

U. 5. Nuclear w\% Commission
Washington, 0. C. :

Dear Mr. Singer:

1 have come across several published items on plutonium safety. These may
be of interest to the public with regard to your forthcoming evalustion of
radioisotope-powered pacemaking systems, [ have enclosed coples of these
ftems, and | suggest these be placed fn the Public Document Room.

These articles demonstrate that the hazards of plutonium have been
grossly over-exaggerated in the adversaries' comments on the AEC Draft Environ-
menta) Statement. There is an item enclosed written by Henry W. Plerce, &
Pittsburgh 'ost-?g_ﬁg staff writer. It reviews a report by Prof. Bernard Cohen,
rector of caife Nuclear Physics Laboratory at the University of Pittsburgh.
Cohen's report concludes that 2 relesse from a nuclear reactor, which would involve

many orders of magnitude more fuel than a pacemaker breach, would not be anywhere
near as disastrous as has been claimed.

One of Cohen's most striking comments is this: “For those who fear that
the earth may become contaminated with plutonium, it should be pointed out that
there is almost as much radium in every meter of depth of the earth's crust as
there would be plutonium in the world 1f all the world’s present power were
derived from fast breeder reactors.” Radioisotopes naturally occur in the
environment in quantities comparable to the most extensive nuclear programs con-
templated, and man has developed positively for tens of thousands of years with
this natural radiation integrated into h's environment. Also enclosed s a
rebuttal by Or. Cohen to L. Douglas DeNike on a letter DeNike presented to
“Nuclear News®. Cohen's aniwer is scientifically clear and respons ive.

D+. Ralph £. Lapp s another experienced nuclear scientist who has care-
fully examined plutonium safety. DOr. Lapp is an energy/nuclear consultant to
government and industry, and a Senior Member of Quadri-Science, Inc. Enclosed
is an article of his, published in the Rpril, 1975 aq%rs Digest, entitled:
“Nuclear Power Reactors: How Dangerous?” This is a good summary of the advantages
of nuclear reactors, and an equally good demonstration that the grotsly exaggerated
fears of the nuclear adversaries are not founded on facts.

Lapp shows that reactors are safe. [he Coratomic pacer program involves a
minfscule amount of plutonium by comparison. Many of Dr. Lapp's comments on

reactors could be much more strongly stated in terms of the plutonium in pacemakers.

Mr, J. R, Mason 2~ September 3, 1975

Not only is the quantity of fuel in our isotopic pacemaker very small, but the
design of fuel cell in our pacer has evolved during the past ten years 1o become
the safest fsotopic cuntainment Lnown.

The Rea Digest article s Just a summary of Dr. Lapp‘s comments. ! have
also enclosed a et entitled, Nader's lear 13 in which Lapp analyzes
in detatl, and then disproves many © adversaries’ arguments.

The 1ast article | have enclosed does not treat alleged plutonfum hazards, but
instead discusses a more real shortcoming of another p Tong-11fe pacemaking
system -- the NiCd rechargeable. This is an item from the Pit and
it concerns the difficulties elderly patients have in checking their pac 2
This 15 & common occurrence, and it,in part,explains the reluctance of many
physicians to utilize the device with older patients. The other disadvantage, of
course, is that the patient is reminded of his ziiment and his dependence on 3
machine once per week, with clock-1ike regularity

| feel these ideas are critical in a fair evaluction of the wide-spread use
of plutonium powered cardiac pacemakers, and [ feel you should make them avatlable
to the public. We sre proceeding with our formal comments on the Draft Genertc
Environmenta) Statement, and will make these available to you shortly.

Sincerely,

P W \pbie
Seter M. .ugna
Applications| Engineer

PN dm

Enclosures (5)
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The following coclosures were subsitted with letter Mo. €3 and are availsble
for examination in the u<lear Regulatory Commission Public Document Roowm,
1717 H Street, Mashington, D.C.:

L. B L. Cohen, "Letters,” Nuclea: News, August (975,

Z. L. D. DeNike, "Letters, Nuclesr News, August, 1975,

3, R. E. Lapp, "Nuclear Power Reactors: How Daangerous?” Reader's Digest,
April 1975, p. 169-174.

6. H. W, Plerce, "Hazards of Plutonius Less Than Selieved, Prof Sayse,”
Pittsbutgh Post-Cazette, June &, 1975

5. T. R. Van Dellen, "Pacemaker Needs Care,” Pilttsburgh bress, Augest 7, 1975

CORATOMIC, INC. i

BOX 434 INDIANA, PENNA 13707 (417) 340 180

September 12, 1978

Mr. Bernard Singer

Materfals Branch

Directorate of Licensing

U. 5. Nuclear Regulatory Cosmission
Washington, D. C.

Dear Mr. Singer:

Recently, | submitted several published articles to you. These
reviewed a techni.e] aspect of the isotopic pacer: they demonstrated that
widespread use of plutanium involves only extremaly minor risks to man and
the environment, due to the radioisotopic fuel. Another article | had
enclosed poinud out an important advantage of our isotopic pacemaker,
especially in comparison to rechargeable systems -- the patient s no longer
constantly reminded of his disease.

This issue of patieat comfort, both physical and mentsl, is very

important, and 13 a major factor in evaluating the efficacy o' ] ucuﬂal
system. Although patient attitudes are difficylt to quantify, a sincers
effort should be made to integrate them into your forthcoming evaluatior of
plutonium pacemakers. With this in mind, | am submitting several published
articles, which discuss patients’ reactions to the Coratomic C-100 pocemakers.
Since this s an essential part of the public resction to fsotopic m
I alsc request that you place these articles in the Publfc Document Room,

Patfents and fcians tend to stre.s certain features of the Coratomic
pacer in these articles. The small stze, 11ght we'ght and streamlined contour
each enhance the uumt s physical comfort. Several patients were happy to
find that the Coratomic pacer doesn’'t restrict thetr physical activity like
the larger and heavier, less advanced pacers they once had to wear. inly,
however, they value the long profected 1ife of the pacer most highly. Al
patients under 73 years of age at implant can statistically empect thelr
Coratomic pacer to save them at Jeast one reimplant operation. Many of these
patients realize that their Coratomic pacemaker will probably last thetr 1ife-
time, with very 1ittle monitoring ar other attention. They are not Yarced to
anticipate the physical discomfort of & replacement cperation, as were
with 3 conventional battery-powered pacemaker. Nor must they be regularly
mim:':: their allment, for they don’t need to strap on 2 recharging vest
orce a -

61-Y
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Mr, Bernard Singer -2~ September 12, 197§

The isotopic pacemaker gives the patient a measure of security and peace
of mind which he cannot gain from any other pacer. Many patients know that
their Ysotopic pacemaker has been designed to far more severe standards than
any other system, and they realize that their pacer is extremely safe and
rugged because of this. No other pacer is so carefully desfgned, and of
course, no other pacemaker has been so extersively te ted. Most patients
learn this when they agree to use a Coratomic pacemaker, and they remain
more secure because of this, for the 11fetime of the system.

Please consider this in your evaluation: To our know! . N0
patient who has been told he 1s eligible to have a Coratomic {sotopic pacer
implanted, has then chosen any other pacer.

Sincerely,

Peter M,

Applications Engineer
M) mb
Enclosures (8)

e tollowing enclosures were submitted with letter No. &5 snd ave svailable
for examination in the Nuclear Regulatocy Commission Public Document Room,
1717 # Streer, Washington, D.C

L. "Atomir Pacemakers (mpleated ™~ Ceater Line, Washington Hospital Center
7(7), October 1974,

Ductor Defends Her Plutenius Heart, letters to the elttor, The
Washingten Star, April 10, 1975,

5. "Lutheran to lmplant A-Powered Pacemaker  Fort Wayne Journsl-Gazette,
August 9, 1975,

. M. Miiler, "Suclear Pacemaker Uperation Sign of Tises Here ™ Sun-Tattler,
Hollywood ,Fla. ., August 28, 1975,

5 } Boslough, "New Heartbeat, New flope,” Denver Post, March 0, 1973

© New Type of Pacemaker, New Life for Uomaa.” The Springfield Upioe.
Springfield, Mass., Septesber &, 1975

’ News release, Allegheny General fospttal, Pittsburgh, Pa., October 3, 1974

8. 4. Page, "Tonavands Boy Given Nuclesr Pacesaker, Buffalo Evening News,
May 1, 1975,

02-v
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CORATOMIC, INC.

BOX 434, INDIANA, PENNA 15701 (412) 341810
September 12, 1975

Mr. Bernard S1

Materials

Directorate of Licensing

U. S. Nuclear Regulation Commission
Washiagton, D. C. 20545

Dear Mr. Singer:

In your forthcoming analysis of the widespread use of radiofsotope-
powered pacemaking systems, we expect you will concentrate on a risk-beneffit
comparison of currently available systems. Weiner Associates of Cockeysville,
Maryland has performed some applicable work in 1974, Although their study
15 based on the ARCO/AEC RPCP NU-5, the cost-benefit analysis is generally
applicable to isotopic pacemakers.

The Weiner report finds that fsotopic pacemakers demonstrate quite a
large benefit-risk ratio for all patfents with a 1ife expectancy greater
than ten years, at implant. This includes seventy percent of all implantees.

We have enclosed a brief summary of this report, as well as a copy of
Weiner's document. We ask that the summary and original document be placed
in the public document room.

Coratomic 1s proceeding with a more detailed risk-benefit analysis
b;::d‘on the C-100 Series pacemakers, which we will make available to you
shortly.

Sincerely, J— 2
g/ Dy

- (eiegf L 2 /%l

David L. Purdy

President

OLP:mb
Enclosures

he following enclosuces were submitted vith letter No. &6 and are avallsble
lor examination in the Nuclear Regulatory Commission Public Document Room,
171/ W Street, Washington, D .C.:

tavironmental lepact Statewent Summary, September 12, 1979,

'

X, 1. Welser, "Systems Safely Analysis of Nuclear facemakers, ' o paper
delivered st the Second Annual Systems Safety Soclety Conference, San
Oiego, Caltfornta, July 36, i97%
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CORATOMIC, INC.

BOX 434 WEOUANA  MINNA 153701 4L 38 80
September 29, 1975

Mr. Bernard S
Materials
Division of Materials and
Fuel Cycle Factlity Licensing
U. 5. Nuclear Regulatory Commission
Washington, 0. C. 20545

Dear Mr. Singer:

In our letter of September 5, 1975, we submitted several published 1tems
on plutonfum safety. These included references to a report by Professor
Sernard Cohen, Director of The Sciafe Nuclear Physics Ladoratory at the
University of rittsburgh. Since that time, we have obtained a copy of
Dr. Cohen's original paper, “The Hazards of Plutonium Dispersal”. The paper
develops a comprehensive risk legic model for accidental or deliberate dispersal
of reactor fuel in a variety of credible scenarios. Using techniques Cohen
developed, we hive constructed & paraliel risk assessment for dispe: sal scenarios
invelving the fuel capsule in a Coratomic pacemaker.

(v resu)ts are striking. Dispersal of al) the plutonium-238 on & pacemaker
fuel capsule would most probably contaminate orly a small ares, Tess than 100 square
meters. This would be low-level conta:ination, with a carcinogenic risk less than
0.001. If the fue) were released in a crowded city, the carcinogenic risk would
st11] be low, 0.008 1f the dispersal took place in daytime, or 0.04 at night.

Even 1f the release took place in a packed sports stadium, the risk of & single
cancer being induced fs still only 0.22. The additional risk on the wide areas
outside the city where dispersal took place is almost nealigible -- about 342007,

The most hazardous credible scemario Is dispersal through the ventilating
system of a large bullding. If no warning were First received, the dis| al of
all the fue! in a pacer might res.lt In as many as 1.5 statistical deaths. Cohen
makes two comments in this connectfon. The first is that many more easily obtain-
able materials would be equally lethal, including nerve gas and biological agents.
The second comment 13 that plutonfum dispersal in & bullding ventilation system
could not be used as a blackmail threat, for such a threat could be t-.mm{
defused by shutting off the ventilation system or cutting off power to the buflding.

The effects of plutoniun dust fnhalation could be reduced sulistantially by
treatment with DTPA [disthylene triamine penta-acetic acid). Cohen estimates
this would reduce carcinogenesis by a factor of two. If a warning were issued,
3s would be 1ikely in a ter orist attack, Cohen estimates that this would further
reduce the effects by a fact = ~* .

Mr. Bermard Singer -2- Septembor 29, 197%

Conen finds that ths risk due to the dispersal of insoluable slutontum |tke
Coratomic fue) in food or water supplies 1s negligible. In addition, the risk due
to buried plutonium-238 s shown to be practically afl.

The poirt of all this 1s that the plutonium in a pacemaker would not meke #n
effective terrorist weapon. DOr. Cohen summarizes this in his conclustons:

“Since nearl - all fatalities cause! by plutonium dispersal are via
cancer, 1t 1s pertinent in this study to consider the terror by
an fncreased cancer risk. These cancers genmerally occur 15 to years
after the exposure, and fn most victims the increased risk s less than
10 percent. The normal risk of cancer death in the U. 5. s 16.8 percent,
and this varies considerably with geography. For Kentucky, Tennessee,
Alabama, and Mississippt, 1t 15 14,7 percent, whereas in New England,
it is 1B.4 percent. It is highly doubtfu) whether this added cancer
risk of 1.7 percent is giver any consideration by pecple moving between
the two areas.

"When reports first reached the public of the cancer risk of cigar-
ette smoking, miilions of Americans were suddenly informed that they
nad arcrued at least a 10 percent increased risk of cancer death.

What ensued can hardly be described as terror. There was even little
sign of terror among those very heavy smokers whose risk was ss high
as 50 percent,

“It thus seems reasunable to conclude that mdu:!a‘ & risk of cancer
that will not be fulfilled for |5 to 45 years is not ltkely to prove an
effective way to cause terror

Cohen's paper, and our parallel analysis are based on the most probable
combination of circumstances. They are conservative, however, in the sense that
they are based on health phrsics models with considerable built-in conservatism.
One conservative assumption used is the "1inear-no threshold® theory of the car-
cenogenic effects of low radiation doses. This is discussed briefly in an attached
summary of the Linear Extrapolation Theory

The figures given in this letter were calculated in the Plutonium-238 Dispersal
Risk Assessment, which is attached. It corresponds to Dr. Cohen's celculations,
and refers to the original paper by page number. Coptes of Cohen's paper are also
z;!cnd. Please place a copy of sach of these enclosures in the Public Document

Sincerely, -
; s
e L lente
David L. Purdy
President
OLP :mb
Enclosures: “The Hazards on Plutonium Dispersal”, by Bernard L. Cohen

Summary of the Linear Extrapolation Theory
Plutonium-238 Dispersal Risk Assessment

cC: Mr. F. Hittman

22~y



SUMMARY OF THE LIPEAR EXTRAPIRUATION THEORY The BE[R Committer has fndicated that ts Pepore 45 a “most Tikely” sstimate

Septemder 25, 1975 for the iacreased risk of cancer to the Bmerican popslation exposed to low dose
radiation  The NCRP t poin ity . ‘
e 5 . Yy v -~y regert poiets aut however, 'he body of the BEIR Report makes
. s ' it clear that
Conen’s calculations of the simatic effects of plutontum are based on
the assurption that the effects of radfation at low dose rates mey be determingd . carefyl reading of both the summary and the “most | ikely”
By extrapclating f-om data taken a high dote rates. This "linear-no thresho: " estimate refers to the mct ressonedle sumber that can by derived
theory has been widely criticized n *he hoalth physics cormunity. Many of the from linear extrapolation from Wigh doses anc dote rates, and mot
eriticiers have been :unmarized in the Nstional Counci) on Radiation Protection that such ¢ procedure secessarily estivales the actusl risk ot Jom
and Meycgrements Keport, te. 43 doses and dose rates
the YRP points out Too. o Tt seeas probable, for sxerple, that §¢ there sre induced h
‘1) raticnal and fateen tional qroups whick have Studisd the vAneery Induted by Seall doves of vadiattin, they vccur aely- fo t
probtess of quantitativ carcinogenic risk estimates have 4 velatively wmall nuober of nigkly <usceptible irdividuals, and ’
regarded the practice o linear extrapelation ss overectimating with factors wther thae radiatior predomipsting. E
the risk, vhen the extripolation is mace from the rising and uhile the results af Dy, Cohen's revort yee very encourdging, they are alsh |
fairly linear portion o the dose-effect relationship . . ." BORME 0 SR TS iy MeCLOng. .4 TerRliR WO the '} z 1
The shortcoming of linear est apolation s that {t does not recoqeize extripolation theory. L~
threshold effects. It is widely h:ld that sost, f sct all carcinpgenic nrocosses
-~
f}t invoive mylti-uvent mechanisms  Taese miaht taclude cell-killine or tissue dig-
it

s OFgEniZatior to stimulate or encou-a0® cell proli‘eraticn. Remote effects such
as horoenal or fwwaclogical balares are thought to be critical The point s

‘___bthu anly a small percentage of 3 copulation exposed to low doses of radiation

C:’Ml Rave a'ready experienced the svente ghova which require grester doses.

i Nherefore, only a small percentage of the populatior exposed to ‘ow doses of

rediation will Sewslon cancer<s . 3 such srallsr rercentane than would be

indicated by extrapolating from b gher dose effaccs
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PLUTORIV -738 DISPERSAL RISK ASSI SSMENT

in relating Or. Coten's treatment of reactor fue) dispersal to pacer fuel
dispersal, It 15 necéssacy to compare the two types of fuel. The specific
alpha activity of the medical grade plutonium Coratomic uses fs 13.8 Curfes/gm,
?”Pu in Coen's paper, and a factor of 4
greater than the “reactor-Pu* in Cohen's pape . The mean alpha energy of the
medical-grade fuel 1s also qreater than the figure “or °'°Fu, by  factor
of 1,07,

The fuel used on the Coratanic pacer would still be less dargerous than

s factor of 220 greater than the

fohen's “reactor-Py" when roleased into tye sovironsent, however, This is due
to its nard sintered ceram = form, (he fue! pellet roleasssonly a very small
percentage of fines or particles smaller In size than ten microns, due to
abrastan curing 3 viclent accyrient., C(ohen estimates the production of Fimes
In reactor-Py to be 50%. The magnitude of fines relcased from Mz fuel
similar to Coratomic fuel has been studied by the Space Nuclear systems branch
of Unfted States Atomic Energy Cormissfon. tere,250 gm of fuel was impacted
at 250 feet per second, The data obtained by Sandia and ios Alamas Scientific
Labgratory between 1972 and 1974 (N, GoldenSerq) indicate that approsimetely
0.1% by weignt of the fuel is released in Finci of less than ten microns di-
ameter, This s a facior of 0,002 less than reactor-Pu,

These factors relating Coratomic fuel to the fucl Cohen treats are
summarized in the table on the following page.

Alpha ac tvity of fyel:

Mean alp & snevqy H‘-& « 1,07

CONVERSION FACTORS QFLATING “PACER-Py”
m
REACTOR-Fy”™ AND 279-Py

1.8 Gy,

062 Lo,
L

Alpha activity of fue) SR R

Parcent fines

10w &;— 002 »

2=

~m-”"~

x 7Yy

% reactar-Py

v2-v

resctor-Py




..
|
!

Relating Cohen's Hazards in Plutontum Dispersal to Pacemaker Fuel

Page 5. "N alpha particies are 1.07 times as energetic as "‘h alpha
particles, so the total dose to the lung is (2000 x 1.07) = 2140 rem/ucy.
Stmilarly, the dose rate to bone Is (B] x 1.07) ~ &7 rem/year-y(i.

Page 6.  The risk of liver cancer 15 (6.7 x 107"
Total cancer risk per micrucurie of 28 Yy inbaled into the lung fs:

youth: (9 x 1.07) = 9.6%
average: (4.7 x 1.07) = %

Page 7. The number of deaths per yCi of * %Py fnhaled into the Juna is
(.047 x 1.07) = .05 deaths prr 1Li. The nurber of deaths jer ug of

2"‘0“ thea:

05 -le‘ « 13.8 L o 26 frgction - o_u-g%"i
v L retained in [
‘m

Page 10,  The cancer-causing inhalation dose of 2‘&4 is then:

i/ (017 deaths/ug) = 5.9 ug/death
Cohen's calculated lethal 1init for inhaled “reactor Py is 260 ug and
for 2%y, 1400 5. Therefore, the lnthal dose of T1Py i3 (5.9/263)+.022
Limes as smell as the figure for reactor - Pu, and (5.9/1400) - 0067 times
as smal! as the figure for ¢ Py
The short term death duses nf n‘h are reduced by this factor:

60 oays: 12000 x 020 © G %y

| year: 1900 x 022 + ®1ug 2y

Jyears: 700 x 022 « ’*u’zm’u

3

e e i A o

¥ 1.07) « 7.2010" % year-nan-ren

- o R ORI == PN

Page 13- The LC-50 figure for 2™y is also reduced by this Pactor:
tal: 036 x 002 > B 10 ey’ P,
short-teme: 1.8 & 022 - .04 agh’ 23,
The risk of cancer due to 2y ln‘ected Into the Blooestreem I
increased propovtionally, to one Jesth pes (.02 x 78) « 1.7 uo 0,
Page 14 Cohen's Table 11 is modified to include the cancer-causing dose i
vg ntake of z"‘: .
Reactor Pu 2!9.“ "'u

Inh latfon 260 1400 5.9
Inj ction into blocdssream ] % 7

finesicd data is aot applr able for the ‘msoluble Pul, fuel form)
Page Y6 1f al) 225 mg of 23y in 2 Coratonic pacemaker’s fue) ~apsule were
rel ased, the ratio of lethal tnhaled mass to mass released would be:

-6
9 5. 1 -5
' —-’—Lvﬁ c 2822 W
2.2z 177

Cohen's figures 4 ond § fndicate the mea ir which the loth:1 dose would

be received, dur to an unrestricted fuel cap ule breach. During the daytime,
it would be a strip adout 7 meters wide and 11 meters long --- 80 2,
approximately the floor area of a tuo-car garage. At nignt.when atrospher lc
conditions are more stable, the lethal dose wuuld be recetved in a larger
area, about 500 square ceters, extending 90 moters downwing  This is about
the area of the end zone of a foothall fielg.

Page 19: If a uniform pupulation distribution extends 5000 meters downwind, the
eventual number cf cancer deaths, sccording to enuation (1) in Cohen's report,
is (0 e 200 %02) + 1320 tires the population 1n the 80 w7 Tethal ares.
& high city population density Is sbout 10°7/s, 5o a releate at random of
ol the P%py 4p 4 pacer capsule wld induce a single concer in the lethal

52y
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ares with 4 probadility of 0.8 and & total of 11 cancers in the city.
At night, the release of all the plutonium tn & Lingle capsu'e would
fnduce cancers in § people n the Tethal ares, and a total of 51 people
in the city, These Figures 2 e grossly Inflated, since they assume that
all of the fuel would be released.in particles smaller than 10 microns,
the upper size !imit for particles carrisd airborne into the lung. As
was iantioned previously, Coratomic fue! is highly resistant tc the pro-
duction of fines and even in violent impact. Tess than 0.1 of the fuel
escapes as particles smaller than 10 micrans. This ylelds o dispersal
effictency factor of 001, Cohen also ncludes a factor of 0.8 to describe
dlspersal A1Fficuities with Mz aust, This yields a total dispersal
efficlency for Coratomic fuel of CODRE.  [his mesns that the most probabls
risk of cancer due 1o a single fus! capsule breach in a popilated city i
{11 x 0008} = .0O0R during the day or {51 x .O008) « 04 at night, These
low numbers do not include the shielding effect of buildings, or the dose-
reducing effect of advance wareing, as “oden does  These would Ffurther
reduce the risk by & factor of 15-20.

1f the release were accompliished ia 8 crowded ares, such as a large
sports stadium with & population density of about one man per square meter,
then the factor [1 ¢ In (L/R)] 1s retuced to about 1.4,s0 the tota! . lisk
of cancer Is 3.4 » B0 x 0008 = 0.22. Thus, reigase !n 3 crowded stadium
wtuld only produce a one-in-five chance of one perion aventually develoning
a cancer.

1* Coratomic fuel were dispersed in the veatilating system of 3 large
bullding, the total amount of fuel ‘nhaled by 4 single person weuld be:

0008 dispersal efficiency » .95 fraction inhaled per person »
22 9n - B.8;3

5

Page 27

Page 79:

Since the lethal mass fs 6.9 X, dispersa’ in ventilzting systems
would cause "¥5.7 - 1.6 seatistical desttn ver pacer fuel capsule
dispersal. [f o warning were (ssued, as woul” te ltkely '» o wereerist
atts ¥, Cohen estimates the risk i5 reduced by a factor of 10, to .18,

fhe maximym permissible concentritiia of Pu In air for unrestricied
0 i’ mhis ts 2.2 0 10°% g tor PP, averaged over
one cear, Using Cohen's model for the rosuspension constan? K, the 3llow-
atle ground concentration for the First sear 15 936 ug/ee. When K rEaches
e n". the allosable leve! is 12 -‘.glrzA Tak ‘ng frto account Cohan's
are. coverage effictence of 13, the dispersal of the 120 re of 298, 4w
? o0 4 short-ters basts,

wse s

one pacer fuel capsule would contarinate £7.000 m
and 30 n? on a long-term basis

For short-term contaminatior. the total Pu inhaled is
1.2 x 10°% gm® x 7000 n? of ate invaled pev year. This 15 0008 ug.
Since the lethal dose 15 5.9 ug, the short-terr olsk of developing cancer
15 0005/5.9, or about one In 12,000, Duer 3 longer term, Cohen shows the
risk increases by a factor of ten, to about une In T200. This assumes
that the person spends a'l his time 1o the contarinated area, and allows
no credit for the fact that the Coratemic fus! is very resistant to the
production of inhalable fines. when no fines are producyd, the resuspension
coefficient ¥ decreasas, which, of course, reduces the risk of cancer due

to inhalatfon This consfideration introduces the digpersion efficiengy

factor of 001 and reduces the contimirated ares to ataut #0 -2.

Stnce the lethal dose of 27y 4x 027 times 2s wmall 23 the lethal
dose of reactors-Py, Conen's astivate of the number of fatalities per gram
dispersed over a wide area fs reduced *o one death per (397« 022) = 6.6 gn
The risk of death per pacer Fuel load 15 then | 725/6.6) - 03, during the
first year after release. When the dispersal teefficiency facter of 001,
dos to liafted production of fines I facluded, the rish 15 3.4 ¥ 1075 This #s

.

92-¥
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nearly neqligibie. The risk fr the ity ‘n wnich the dispersal took place
{page 0] Is reduced in 1070, Comen points out the effects following
the first year after dispersal are negligidle.

Paae 11 Lohen shows that 56 or 60 kil ws of pluterium ta soluble form
are required 0 cause cancer through poisoning of food or water supply.
This would lnvolve sbout 250,000 pacemsker fuel capsules, each containing
225 wy .

Page 12 The probability of cancer fnduction for a mar digging up 2> Py which
has been burted for a short tine 13 about 38 times Cohen's estimate for
2%, . about 1.8 x 1077 This ts comparable to the man's prodability of
accidenta) death due to other causes, during the time he fs working.

Page 13. s Cohen poiats out, most of the 2298y decays within 200 years, so
the lorg-term risk of pacer fuel is negligible,

L
o

01l

The following enclosure was submitted with letter No. 6/ sad is sveilable for
examination in the Nuclear Reguiatory Commisslon Public Document Roow,
117 W Street, Washingten, D.C.:

t. 8. L. Coben, "The Hazards In Plutuniue Dispersal,” University of Pittsbuzgh,
Pitraburgh, P ivanis, July 1975,
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June 5, 1975

U. §. Muclear Regulstory Commission
Washington, D. €. 20543

Attention: Acting Deputy Director for Fuels and Materials
Pirvectorate of Licensing - Regu'ution

el

Gent lemes

The Cordis Corporation, s recognized .esder in the development and
manufacture of cardiac pacemssers, most heartily concurs with the
purposes and conclusions elucidated in your Draft Environmeatal
Statoment, issued in January }!75.

We are 1o particular sgreement with the Statement's conclusion that
benefits to be derived from the use of piutonium powsred cardisc
pacemakers far outweigh any subsequent risks to the ssvironment and,
as & consequence of this conclusion, wide-scale utilizetion of

such pover should be suthorized.

The saving and protraction of human life is prima faclie coosideration
‘or al)l masufacturers of cardiac pacemakers and any consequent
maturation of that state-of -the-art is indeed s welcome asser 1f ft
helps to meer that goal and fs withis the rigid parameters of safety
tor all.

Cordis Corporation for some time now has conducted ‘eassbility
studies ac. mrrolled clinical tnvestigations of & plutoatum powered
cardiac pacemaker under Badioactive Materials License No. 464-3. Such
investigatiors have halped to corroborate the findings and conclusicas
reached in our Drafc Environmental Statement.

Cordis Corporation wouid like to complement the Directorate of
Licenaing for the very factual presentation contained in their Draft
oy “onments] Statemest. The magnitude of wuch a report will become
appazent and fully appreciated with the introduction of pewer and more
advanced products which will benefit all bumanity.

March 27, 1975

l(/l
-

Acting Deputy Director for Puels and Materiasls
Directorate of Licensing~-Regulastion

United States Atomic Energy Commiesion
Washington, D.C. 20545

Dear Sir:

[ would like to protest agaocinst the propesed use of pluto-
nium-powered heart pacemakers 1f companies like Kerr-Mofiee canngt
safeguard their plutonium, how is some little old lady to do
better’ It seems that they would be unnecessarily endsngered
and also end-.ager the rest of us. Apparently the draft environ-
mental st-.ement does not even discuss the possible illegal uses
a? plr.onium and how and if they might be avoided. 1 think that
this should be considered and would weigh stronly against such
devicen.

Please inform me as to your progress (n this matter,

> Weba
g::*‘sgé\ i

Stanford, 94205

8z-v
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Sektion 10r Strahienschuts
Section e ia redioprotection
Sezione delia radicpratezions

Me.

Richard E. Cunningham
Assistant Directaor for

Fusl Cycle

Qivision of Materials and
fuel Cycle Facility Licensing

Washingtoa, D.C. 206858

Uniteuce States of Americs

voee e L B .3, 4]
Higa em the 10th March 1875

’ i

Dear Mr. Cunningham,

[ have received & copy of the Draft GCeneric Environmental State
ment an the Wide-Scale Use of Plutunium Powarsd Cardiasc Pace-

makers with many thanks.

A first glance et the report showed it to be a marvellous rish

analysis, systematic, complete and convincing.
I am sure 1t will serve as a model for risk snalysis, s.ili te
be done for many ather products containing redioisatope: ., and

gistributed throughout the population without control.

ingprely

“~

) ’ 9’\.'\4
Ur W. Hunzinger

Chief, Department of Radiological Protection
FEQOERAL OFFICE OF PUBLIC HEALTH

June 1, 1975

¥r Bernard Singer, Chief

Materia.s Uranch, Nuclear Kegulatory Lommission
United States Atomic Encrgy Commixsion
Washington, 0C 20555

Dear Sir;

I have been one of the patients recipient of he nuclear Picemaker since

duly <& 1971 and in my gratitude | must expre oy admirstion for this

great inver®ion. In those 2) months [ have Lau no discomfort ner attacks.

i can climb two or three flights of stairs which I could not do with the
other pacemakers that [ wore befcre, The other pacemaxers had to be changed
within “wo years and for a person my age, the surgery involvsd was exhausting.

In the ‘irst year that | wore the Murant nuclear Pacemaker, ! was in touch
every week with *!e Cardiovascular Hesearch Jenter Lo recor. my EX" via
telephone, Tihe second year, the telephone checks were r ‘uced to once &
month. During oy last check-up visit, which visits take place every six
months, [ was informed that the monthly telephone recerdings were no longer
needed. It was indicated that the Doctors were confident of the regularity
of the nuclear Pacemaker.

In January 1975, 1 had the great sorrow of losing ay dear husband of 46 years,
Nesdless to say Lhat, during his two month illness with cancer, [ experienced
great anxiely and grief. After returning from & two months stay at my son's,

I am now coping with the domestic tasks, shopping, etc., which were once taken
care of by my husband. in my life . nave had many difficulties and at 69 years
of age, | feel life hangs by & very thin thread but concerning &y cardiac
allment, | feel perfectly safe and secure.

L pray that this testimonial vxus!umn in all the seriousncss it s given.
For elderly persons sucn as myself who need l. o lasting and steady regulation,
the nuclear Pacemaker must be praised for the great service it offers.

Respectfully yours,
G ;zcu u,u-u.l“

Simone Fouquet
2206 Colston Drive
Silver Springs, Marylamd

62-Y
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Acting Deputy Director for Fuels & Materials
Directorate of Licensing - Regulation

U.S. Nuclear Regulatory Commission
Washiangton, D.C. 20545

Dear Sir:

This is to protest use of Plutonium-238 or -239 in cardiac
pacemakers, under review in a draft environmental statement.
This material i~ too toxic and too permanent to be dissemi-
nated for public use. Since adequate pacemaker batteries are
available, there is no clear-cut need for this scientifically
and intellectually {nteresting, but practically dangerous
application.

1 am concerned about ordinary lvsses, violent destruction of
the apparatus in airplane crashes and fires, as well & criminal
abuse of the material. Certainly the benefit to the patient
should not be associated by an inordinate risk to seciety.

Sincerely yours,
A AN Yoy
J.K. Frenkel, M.D.

JKF: v

@ ES2N0 COM : ~

c..-o Depariment of Chemistry #° S
California State University, 0 w‘

agre. % = the toiicityr is he zin i =
AFF I8 )
Mews (et Prewdent)
SCENTISTS INSTITYTE FOR PUBLIC 1N B s
i

x WM N
0 East Sisty-eghth Sueet Marrin MO
New York, New York 10221 hmt am’ - . i
hm:m (212) 2493200 hmn b i

E o g’ no

e S i A

Fresno, California 93710

Acting Deputy Director for Puels and Materials
Uirectorate of Licensing and Regulation

Us 5, Atomdc fnergy Commiseion

washington, 0.C. 20545%

Sir: !

These comments are directed toward the *Uraft Generic Environmental Statement
on the Wide-Scale Use of Plutonium Powered Landiac Facemakers,® dated January,
1975,

The toxicity and radicsctive potency of the element Flutonium make its wide-
spread use absolutely irresponsible anz intolerable. If this program is approved ,
1500 or more pacemaker recipients will each be carrying a falf-gram of Plutonium-
238, This ggrsm.quastity 18 enough to bring 2.1 square miles of & city %o levels
of semi-permanent evacuatian®, enough to induce Lnousands of cases of lung cancer
1f the material is efficiently dispersed in a populated locali-.u sres {such as

& theater, skyscraper, etc.).

hccidental release of tnis plutoniue may bLe remole, Mq_:_o_ release, ot
considered by the 4,5.0., is in my opinion a far more probablé risk, Terrorists
would have sccess to 1“"-“!1&%&! sources of Flutonium, since each pacemaker
recipient 18 10 wear an identification bracelet. Any ome of these 1500 or

more sources could provide enough Plutonium W make a super-lethal weapon with
which entire social systems could be blackmailed,

0E-v

The prograx is even more sulrageous when one gonsiders the “tenefit® from such
A project: that the irterval between skin-flap surgical operatiocns might be
lengthened to 10 years rather than the two to five years representing the
useful lid of conventional batteries, Such a benefit appears inconseguential
compared with the enormous risk involved,

It 48 unthinkable that the U, 5. Atomic inergy Commission would or could violate
the public trust and safeily by irresponsibly approving any program wnich could

lead to the wide-scale, delucalized use of the jigiQy J toxic® element
Flutoniun-238, Sincerely

Lael & Froa

David L. Prank, Ph.D,

Chairperson
#0eductions from Table 2-2 of Ngclear Iheft:fiisks and Safeguards, Willrich and
Taylor (Ballinger, 197, p. 25)ialtheuh the half=l$fs of Pu-238 1s shorter than
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GEORGIA INSTITUTE OF TECHNOLOGY
ATLANTA GEORGIA 30332

Office of Nuclear Material
and Saf

U. §. Nuclear Regulatory Commission

Washingtom, D, C, 2055%

Gentlemen :

Dr. Dean E. Abrahamson sent we & copy of the draft "Gemeric
Euvironmental Statement om the Wide-Scale Use of Plutonium Powered Cardiac
Pacemakers."” 1 have reviewed this document rether hurriedly and would like
to comment as follows:

Perhaps my greatest concern about this prop d s!m
program is the fact that 19} of the Pu by weight will be This vtll
correspond to 3110 uCt of Py in & new pacemaker. My concern (s emphasized
by the hss that this device is designed to contain the fuel for omly 10 half
lives of u (or 864 y) in seswater. (Note that the helium pres in s
capsule would onsiderable after 864 y.) This would reduce the to
0.098% but the * Py to only 97.5% of the original activity (i.e. from 3110
#C1 to 3030 4Ci), This h not much l”u when it is recalled the presemt occu-
pational body burden of *>Pu or of u 18 0.04 4Ct and 1 have shown by the
eaclosed paper this occupational level, vhen based on the total skeleton as
the critical body organ, should be reduced at least by & factor of 240, Of
course, the non-occupational levels of Pu should ba much less (o.g. 1/260 x
0.06 x 0.0L = 1.7 x lo-ﬁ CL = 1,7 pCi). We should not forget also thar
after 10 h Lives of 299y the 8Py risk has not campletely ! The
8.7 CL of &5 18 now down to 8500 4Ci. 1In 100 half Lives of ‘h (.e.
Mr“ u would be to a negligible level (L.e. 6.9 x 1o°t .Cs) but

Pu mld have dropped only to 2360 4Ci. Thus it seems to me two im~
provements should be made in the pacemaker: 1) the 3%y should be reduced
considerably below 10% by weight and 2) the fuel capsule should hpll up to
seawater for more than 10 half Lives of 5‘; (6.4 half lives of or
1417 y would reduce the activity in a pure u capsule to 17N 4CL, & more
acceptable level). mdully, 1417 years from now sameone f1 «w this capsule
containing 100 LCt w will trest it with some cautiocun.

Of concern also {9 the amount of 2&1.2‘! A, mh. and m.uz“ that
would be contained in & new pacemaker should 'Ii ctorgrade plutonium ever
be considered as fuel for the pacemaker. , A cuna! would have to
be very low to keep down the y-dose and the “4ce content must | s low to re-
duce ths neutror eutssica. I hope serfous conafderation wvAl® nover te yivan
to such a "low cost” pacemaker.

Office of Nuclesr Materisal Safety
and Safeguarde

February 26, 1975

Page 1

1 do not belleve it is sufficient lor the person to carry & card and
bracelet indiceting he has in his body a 1a3dloactive pacemsker. It seems to
o, in addition, he should have tatooed on his body near the groin something
like "Radicactive Pacemaker--phone 202-408-6618" In which the phone number
would be same office of the NRC (Charles Eason's Record Department) that
would be on call to provide (nstructions.

it seems to me {t 18 not sufficlent for the hospital to keep records
of patients having these pacemaker tmplants. These records shouid be in dupli-
ate with copies maintained in Mr. Charles Eason's NRC radtistion records.
After all, records of & hospital can be destroyed by a fire,

[a conclusion, | believe that n‘!u wich LO% n"n 1is 0ot a wise ice
i think 8 very serious effort should be udc ta obtain relatively pure mu
because of fts low yleld of x- and ; rays, taneous fission, and rela-
tively shor: helf life. Both the 239, md uu 'a (with its daughter
prod’si’) introduce serious problems. Why not develop » mass separation of

It would be wise to encourage or require those having pacemaker fm-
plants not to conceive children--especlally 17 the generstor is implanted in
the abdomen. As a precaution perhaps such persons should be sterilized.

I hope the above comments will be given appropriste comeidersation.
ann tml?.a
0t TP Yy

KiM:leg
Enclosure

cc: b, E. Abrahamsun

LE-V
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Box 107 Rte. 2 ileitis opreration for the rensval af part of my small intest.
EdAgewater, Maryland 1ae snd av annendix.
. 21097
ALY of the above snells eonfidence and believe me | needed con
Cidence aftes baving my hesrt beat 4000 13 29 per ninnite.
am 68 yoars old ind hawe nn srobless of mohility or restrictions

My OV, Vo8

’ Directorate of Licrnsing Fernard Singer except aver Aoiag thet sav = n mv apge ha®,
Chief, Materials Branc’ «r Regulatary Commisston | .
United States Atomic o amiasion i Please secent this ‘etter o« a lyvaan's vote for continued use )

Washington, D.C. 20885 of the nueclear pacemaker.

' Denr Mr. Singer: Yours very truly,

3 .
"Confidence” b '_f/,; aradd

I have been & user of racesshers “ince Mav of 1970, My sixth N.¥. Hauser

preer in 2 Medtronie Model 00 jeatamie, Seris] #4ROONKT,

It han come to =y attention that van are interested in hearing
I' rotnte af view on the subisret of Atomic Pacers,

My resetion is from the satients roint-cfaview. [ finally feel
eonfidenes in my present nacer.
1, [ wes fortupate encach ta vizit the Medtronic Plants in
Minne ~cYix in Se-tensber, 1974.
The tour eavn me cnfidence in Medtronies ability te put
out exeellent produete tharoughly checked and counter-
checked
e TR A the nrivilepe of bheine intr Aueed to Dr. Kenneth A.
fise ». Dircetar 3f pnoinesri o Pacnankor Sye<toms, Dr
Gavper a~ve me 1 histapy ~f nd prat eted exneetations of
the Model 9000, giving me even more confidence. !
A, My wife and T mode on 11,400 aile trip through Canada's
Aainlond ta Vaneconver Teland then down through Washington,
freron, Califarnin, Buia Califarnia «nd baeck un through
trivana, Utah, and Wyusming before honding home, 1 was nnt
T vt to *ake this frip with mv other “preers® boesuse
AP altitndes Fith the Model MO0 [ « nt over 9000 Peet
with no sjide affocts Ariving D' = tor hame.
. The nbility of the duetor sho inst lied the Madel 2000
inerensed my confidence, Dr. Nichdos PN, Smyth did an
exeollent job and has fallawed un elusely sinee the im-
s nlentavian.
13 8. Ten Asetorx, David A Slarcsits, Gastroenteralopist, and
! Harold H. Hawfield, Sorgeon, both of the Phvsicians Office
- Fiiiding 2t the Washinptan Mospir Teoter, oree that with-
ut my M-AAT 9N0A Papsr T waunld ‘we sostiined two
matap surgo- eal operations thit , aad this year in a
short peried of time. On Pebruary U7, 1975, I had surgery
far the remnval of an eabalism of my lefi log Trom the
knee Adown saving my left fost. On May 7, 1975, 1 had an

]
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75-NB247 April 2, 1975

Nuclear Regulatory Commission
Washington, DC

Attention: Acting Deputy Lirector for Fuels and Mal
Directorate of L icensing - Regulation

Subject: Comments on "liraft Generic Environmental
Statement on th. Wide~Scale Use of Plutontum
Powered Cardisc Pacemakers'

Gentlemen:

We have read with inte. st many of the comments you received on the

"Draft Generic Eavironmental jtatement on the Wide~Scale Use of Pluto~
nium Powered Cardiac Pacemukers," The adverse commenis made can

be categorized into several areas such as pacemaker longevity, nuclear
safety, plutonium toxicity, etc, We intend w analyze the adverse com-
ment: and submit our "commeants on the ~omments, " o to speak, accord-
ing to these categories, As the longevity of pacemakers is a highly crucial
point affecting the benefit-risk a:alysis, it is the area which we will address
initially, Eaclosed you will find our information regarding pacemaker
longevity,

We could not help but note a striking similarity of terminology in the
following documents which you received,

' "Comments on Draft Generic Eavironmental Statement on the
Wide-Scale Use of Plutonium Powered Cardiac Pacemakers, "
Dean E, Abrahameson, March 8, 1975,

2. Letter from Scientists' Institute for Public Information,
Allen C, Nadler, March 7, 1875,

Letter from Free:o Committee for Scientific Information,
David 1., Fraux, March §, 1875,

S L FTARAN

ulible's)

Refer to-

75-NB247 -2~ April 2, 1975

4, Letter {rom Public Citizens, Sidney M., Wolfe and Joha Abbotte,
March 10, 1875,

5. Letter from Zero Population Growth, L, Douglas DeNike,
January 31 1875,

Indeed, it should be noted that Dean Abrahamson, H, Jack Geiger,

Dan W, Lufkin, David ¥, Swetland, uusnrn Mead, Barry Commoner,
Donald Dahlsten, Allen C, Nadler, Gien Paulson, and Martin Sonneberg
are all members of both the Scientists Institute for Public Information and
the Fresno Committee for Scientific Information. Based the

of terms utilized such as "skin flap surgery, " "nuclear " ete, it
would not be surprising to find that the same group of persons was in essence
responsible for the submission of all five of the above listed submittals,

It perhaps reflects the efforts of a small group of persons, under the guise
of numerous organizations, 1o retard progress in the cardiac pacemaker
area, However, thig is important only as it relates 1o the quantity of the
adverse comments received rather than their quality,

In terms of quality of the adverse comments, we were impressed by the
sparsity of quantitative scientific argument, There was much personal
feeiing expressed and a good bit of "arm waving' was in evideace, In most
instances, there was an appalling lack of knowledgeability with regard to
implantable cardiac pacemakers, Scientific data and sound analyses were
almost totally absent,

As previously stated, this submission 18 restricted to our initial category
of comments, that of pacemaker longevity, Further submission will be
made in the near future, We are taking this approach dus to the fact that
our analyses will necessarily be voluminous, We hope they will be con=
sidered in your {inal determination regarding plutonium powered cardiac
pacemakers.

Sincerely yours,

Thomas S. Bustard, Ph.D,
President

Enclosures
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PACEMAKER LONGEVITY

One of the most difficolt areas to cuamify in the field of ‘mplantable
cardiac pacemakers is that of longevity., There exist a myriad of power
sources presently in use or conmtemplated for use. The manufacturers of
these power sources or the pacemaker mrnufacturers utilizing them make
numerous claims based upon what they think they have or will have in the
"near future, ' The issue 18 further clouded by physicians who publish data
on their personal experience with small numbers of a specific pacemaker,
Most of these non-quantitative claims are clouded by a vested interest of
one sort or another,

Our analysis and coments with regard to pacemaker longevity is
saparated into several topics. These arc power sources, catheters or
wires, and electronics, The powsr jources section is further categorized
to discuss several of the specilic "new' chemical batteries that have recently
come into uge,

A. Power Sources

It §s generally cunceded that prior to the advent of the plutonium
powered pacemnake> that the power source represented the life limit:
factor, The most common power source utiiized was the Mallory RM-1
“gertified” mercuryverzine oxide cell. Sincc, and protably &8 a direct re-
sult of the imroduction of the plutonium powered pacemaker, a myriad of
"new" power ssurces have appeares, Muny lofty claims are made lor these
devices, all of which are clouded by non-scientific data and vested interest.

1. Preseatly Available Pucemakers

The only firm, statistically significant pacemaker longevity data of
which we are aware and which is generally available 1aay be ocbtained from:

Cardiac Datacorp, Inc,
Pacemaker Evaluation Systems
1705 Walnut Strect

Philadelphia, Pennsylvania 19103
Telephone: (215) 665-0700

This company specializes in telephone montoring of pacemakers of all
types. Attachments 1, 2, wnd 9 of this submittal are data abtained from
Cardiac Datacorp for the periods ending December 13, 1973, June 30,
1974, and September 20, 1874, The data cover thousands of pacemakers.

Note wluding elective replacements, 80 (o 81,8 percent of all
pacemoker removals were for battery depletion, The mean time to removal
for battery depletion varied only slightly crum 24, % o 25, 3 months,
elective vep wcoments, whith are made [or the most part by pacemaker

producer recommendation or physician fear of impending battery d

had a mean life of 24 te 25 months and therefore correspond closely to the
battery depletion sumbers, This lends credence to the fact that the power
soarce stil' represants the life limitiag factor in cardiac pacemakers.

Perhaps more germane to the subject is the lifetime of the pace-
makers which were not removed and were still functional at the time of
the report, These are as folows:

Report Date

12/31/73 8/30/74 9/30/74

Averr Pacemaker 31 months 30, § months 31, 4 months
Lifet

ime

Note that these numbers are not the average lifetime of the total pacemaker
population, but are restricted To those still functioning. This is significant
in that the units previously failed or electively removed have not been con~
sidered to have shortencd the average lifetime, The most pertinent peint
ia that the average hfetime of the pacemakers still functioning did not in-
crease significantly between December 31, 1973 and September 30, 1274,

The dats from Cardiac Datacorp would ingicate that the Nuclear Regu-
latory Commission was overly optimistic with regard to chemical battery
powered pacemaker lifetime (n the benefit-risk analysis, Indeed, the data,
which covers more tuan 10, 000 patient month of monitoring and over 4000
pacemakers would indicate an average pacemaker lifetime of less than 30
months with 80 percent of the failures being due to battery depletion, These
data would indicate a greater benefit-risk ratio in favor of plutonium powered
cardiac pacemakers than that given in the "Draft Generic Environmental
Statement on the Wide-Scale Use of Plutonium Powered Cardiac Pacemakers. ™

SE-v

2, Lithiom Pcwrered Pacemakers

Prior 1o 1971, almost all pacemakers were powered by the Mallory
RM-1 "certifiod’’ mercury-zine oxide battery. Since that time, many
other chemical power sources have been considered for use. Perhaps the
moss well kaown xod widely utilized "new" chemical battery is the lithium~
iodide cell marketed by Wilson Greatbateh Litd, of Clarence, New York.
The pacem. ers manufactered by Cardiac Pacers Inc, of Minneapolis,
Minnesota use this power source exclusively,

Several of the adverse comments on the Draft Eavironmental Statement ]
were directed toward use of the lithium system as a viable and less risky
alternate to the plutonium powered pacemaker. Indeed, the comments from
Publiec Citizen seemed critical that (s type device had received greater
exposure tu date than the plutonium powered pacemaker. Perhaps this
group is vanware of the vestraints that are placed on plutonium powered !



pacemakers as compared to the total non-regulation of other types. Be
that as 1t may, Abrahamson indicnles that the expected lifetime of these

emakers 18 10 years or greater, lle further criticizes that the 10-year
ﬁ'r: was not ntilized in the benefit-risk analvsis but rather the 60 to 76
months for the improved mercury cells was employed.

The fact that it is .mpossible to prove that any of the newly developed
chemical power systems will operate for a period of 10 years with only
3 years of climical experience does not seem to have had any affect on any-
ones' judgment in this regard with the exception of the manufacturer, Note
that in the letrer from Wilson Greatbatch to Mr, Melvia Shupe dated
March 6, 1875, Dr, Greatbhatch points out that the word well in "well beyond
the six-year objec*ive” on Page 4-4 of the Draft Environmental Statement
should he deleted. He goes on 1o state that Wilson Greatbateh Ltd, makes
no statistical claim (for the lithium -1odide battery) beyond the six-year
lifetime.

Other examples of the longevity of the lithium powered pacemaker
can be given. Atfachment 4 to this submittal is one such publication, Note
the underlined vonclusion that perhaps the battery will not power a pace-
maker for even {ive years,

3. Rechargeable Pacemakers

Much publicity has been given over the last several years to rechargeable
cemakers, PFerhape tne foremost of these units was developed at The

ohns Hopkins Applied Physics Laboratury, This device is produced and
marketed by Pacesetiers lnc, of Sylmar, California, Here is yet another
example of an unproven power source for which extended longevity claims
are being made. The first such umit was implanted in February 1973 or
only slightly mors than two years ago, Since that time, more than 1200
of th.se have been implanted with only two fatlures reported by the manufac~
turer, This is indeed an enviable record of progress but it must be pointed
out that chemical ba*tery failures are not statistically "random, " their
tailuie mode 18 one of "wesr cut,”’ That is, operating 1000 units successfully
for a year does not prove that one unit will last for 1000 years. Further
clinical data is necessary to prove their claimed longevity,

Another noint to be made, which 1s applicable to both solid state and
rechargeable pacemakers is that their batteries will wear out due to chemical
depletion, 1 would seem then that longevity could be predicted by examining
the internal state of the battery with regard to chemical reactivity. Despite
carefully searching the literature, nowhere is there a cross sectional
picture of these type batteries comparing an operated unit to one as good as
new,

Another consideration with regard to the rechargeable pacemaker has
to do with its medical acceptability, Certainly the record for pacemaker
longevity is held by a device devcloped by a group of physicians at Queen
Elizabeth lespital in Rirmingham, Fngland, This is the inductively coupled
pacemaker. That is, the battery power source is worn externally by the

R B —————

patient and power is transmitted through the skin to the pacing eircuitry.,
In March 1073, there were 46 patients who nad been continuously

for more than five years and an incredible four who had been paced for
more than 10 year's by this system without aperation, Curiously, this
system was not meationed 1n the Deaft Environmental St.tement sor in
any of the comments on the Statement, The reason for tius is, of course,
the small number of patients vtilizing this device which relates directly
to its medical acceptability, Many plysictans do not wish to have their

, dlients carry an external power supply as it retards medical rehabilita-
tion, The same is true of rechargeable pacemakers o some exstent,

We ar - not qualified 0 comment on medical acceptability and will
leave that o the phvsician community. However, we inciude an article as
Attachment 5 to this submattal where Dr. Seymour Furman of Montefiore
Hospital in New York who hay experence with these devices and gives
some patients' viewpoims,

&% Miscellaneous Power Sources

Other power sources such as bhogalvanic, piezoelectric, etc, have
been proposed for use with implantable cardiac pacemikers. Recently, »
"new'' rechargeable pacemaker using a mercury-silver battery has been
given some publicity. Not too long age, General Electric was extolling
the sodium-hromine power source for pacemikers, All of these units
are very new and have yet to reach clinical trials,

B. Catheters

>

8
Presently, as shown by the included data, pov 2r sources continue o

be the life limiting factor in pacemaker fallure, However, it is fact that

some pacomakers do malfunction because of the catheter breaking, Little

documented data appear 1n the Literature regarding this failure mechanism.

Attachment 6 to this submittal §s the best piece of documented data con-

cerning this phenomena thal we were able to find, Note that the data indicate

that transvenous catheters are moce stable tnan myocardial and that stawn-

less steel coil catiwters can be expected to have a significant lifetime,

Certainly it is in excess of any of the power scirces previously discussed,

C, Electronics

Pucemaker electronics reliability have suffered {rom the environ-
ment in which they are reguired to operate, Most commercially available
pacemakers nre epoxy encopsualated, The epoxy itself contributes to the
hestile envircnment.  Aftachment 7 o this submittal is a description of
how and why, [urther while the cpoxy acts as barrier to salt jons, it
does permit the passage of water, Therefore, the pacemaker electronic
circuitry ends up operating under high siress in warm water, This is not
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& problem with chemical battery powered pacemakers in that the electronics, The foliowing =oclosures wers submitted with letter No. 38 and are available
despite the hostile environment have not represented a life limiting factor, for examination in the Nuclear Begulatory Commissicn Public Document Foom,
1717 W Street, Washington, ¥.C.: i
Newcr pacemakers, inchdtr#huvcul models of the plutonium powered !
varietly are hermetically sealed, 1 negates the previous [actors. Further,

some of the more advaiced models are beginning to employ high reliaoility, I Analysis of the Uata on 6,111 Pacemakers, Cardioc Datacorp, lac.,
m circuitry. These factors will increase the pacemaker electronic re- September 30, 1974,
ity. However, even at present, under adverse conditions, no cne has
pacing circuits which will last for 10 to 20 years. i. Anaiysis of the pata oo 3,835 Pacemakers, Cardiac Dstacorp, lnc.,
2 Tune 30, 1974,
1
D. Summary Y. Analysis of the Uata on 3,084 Pacemakers, Cardiac Datacorp, Inc.,
cember 31, 1973, '
We hope that this submittal has shown that many or perhaps all of fo U J. Debuney, "Cardiac Pacemaker Encapsulation lavestigation,”
the adverse comments received on the Draft Environmental Statement con- Bio-Medical tagineering, October 1971, pp. 438-462.
cerning pacemaker longevity are without foundation in fact. It would seem
that many of the adveirse comments were made in the vein that if plutonium 5. K. Fester and #. i Doty, "Solfd-State Batteries for Cardiac Pacemakers,"
powerad pacemakers were released to wide-scale use, that they would be Medical lostrumentation 7(3): 172-175, May-August i973.
univer=ally adopied. We do not believe this to be the case, In fact, it is . . . _
our anticipation that only 10 to 30 percent of all pacemaker patieants are & New Pacemaker Goes On and On,” Medical World News. February 10, 1973,
suitable candidales for the nuclear unit. Aftachment 8 is a shert study per- PP 26-27
formed (or us by Dr. Victor Parsonnet indicating this 1o be a valid range. _ . .
percentages of the pacemaker patient population are probably more I ¥, Parsomaet, L. Gilbert, and [. #. lucker, "The Natural History of .
suited 10 the solid-state, rechargeable, and mercury battery powered devices, Pscemaker Wires' (processed), Uepartment of Surgery and Cardiodynamics
We 4o believe, however, that in ~ertain cases, a plutonium powered pace- of the Newark Beth lsrael Medical Jenter, Newark, New Jersey
maker will be more suitable than any other type and that a positive benefit- B, % Fitaient, Macisibar aie batek T i s adior
i ¢ v O . () 18 At L U s ajclape rmon:
FIS: okl it by Jrasest. 15 Buws Iugtoases Generator,” letter addressed to F. Hittman, October 13, 1872, '>
Severai items of information lead us to believe (hat our conclusion in w
N this regard is sound. First, many of the pacemaker producers are develop- 9. Articles copled from text (reference not given) as follows: ~
. ing a varied line of systems which .aclude all the different poaer sources. 3 e 3 _
D These include the plutonium powered pacemsker as well as the solid state 8- VEES, TTSCemARer Daerisoucein, Pavts Pesuest. ans Bysuts .
and mercury battery powered units, Second, we are including with this W. Greatbatch. 'Chemical Power Supplies for Implantable Cardiac Pacemskers
Attachment 9 which {8 & seciss of "‘p‘" oa'ptc.mker energy sources V. Parsonnet ec¢ al., "The vevelopment of Radioisctone Power Sources for
from the [Vih International Symposium on Cardiac Pacing, Note particularly Passsaksre In the Uwitsd Statas _
the discussion at the end of this attachment amongst some of the leading F- AANTRER NEAT v TCHISI SERSIn Ak Yi BRI Y e Sasvapia
make enaker
— F * Swshoriies In fm werld, 0. Z. Roy and B, . Wehnert, Elogalvanic f£nergy Sources”
F. K. Cywinski et al., 'Blogalvanic Power Sourcea”
2% . 0, Abrams and U. O, Williams, "Experience with the Iniuctively
C:) Coupled Lardlac Pacemaker betweon February 1960 and February 1972
Lo Cammills et al., H.F Impulses Transmisston: Clintcal Results and

Curcen. Status
k. Dekker et al., "Discussion: Energy Sources’'
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- Covpor ethon.
#190 Red Branch Road
r to: Cowmbia Marytand 21048
75-NB251 April 10, 1975 -
Nuclear Regulal Commission
Washington, oc”gus
Atn: Acting Deputy Direttor for Fuels and Materials
Directorate of Licensing - Regulations
Subject: “Draft Generic Enviroamental Statement oo the Wide-Scale

Use of Plutonium Powered Cardiac Pacemakers'
Dear Sir:
On April 2, 1975 we submitted comments on the subject document pertain-
ing 1o pacemaker longevity, Since, an article has appeared in the “"Medical
World News' dated March 24, 1875 pertaining to pacemaker longevity,
This article, enclosed, also indicates that pacemakers are presently last-
ing 24 to 36 months,
We thought this might also be of some interest to you,

Sincerely yours,

e L=

Thomas S, Bustard, Ph D.
President

‘b

The following enclosure was submitted with letter No. 4l and is wvailable for
examination in the Nuciear Kegulatory Commission Public Document Rooe,
1717 W Street, Washington, D.C.:

L. “Pacemaker Life: The Price Is Right,"” Medical World News, March 24,
1975, p. 63,
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Columtia Marytand 210486

301 /730- 7800 978

August 21, 1975 Mr . Barnard Singer * e dith
the . Barmard Singer, Chief We believe it important that the final environmental statement smphasize the fact thet nuclear
Materials Branch P;::dﬁ are contemplated for use in @ very specific portion of the patient population and
Directorate of Licensing that based on today's projections this will represent o small fraction the Wﬁ'
U. 5. Nucleor atory Commimion The benefit onalysis m‘gmfdlmm'ncdnovhh specific patient s com™
T . 06 pared 1o other altematives and the negligible attendant risks to the general population.
Daar M. Singer: We fully agree with the conclusion contained in the "Draft § nt* thot ds the

wld-gtyelo use :l plutonium cordioc pocemakers under cerain odministrotive .v:dﬂ
Corsiderable tims has now r—d since your imuance of the *Oraft Generic '!.nvw licensing controls. We !x Delieve that after the intenie testing mﬂ parformed on
A e S T B o o e e et i i
. < n new more e in ion cons ible to P ok ients i .
inclusion in your final statement . In oddition, we corsider it important fo address ourselves :'a:vying out ywo:-cmordmim would not or 'y destroy the capability for production of such
to some of the comments mada on the “Droft Statement " and its conclusions and da- devices, but unfortunately prevent the youngest and thiest members of the pocemaker
tiors, since ity issuonce . bearing population from ever benefiting from this unique
Approximately 1400 nuclear pacemakers have been implanter in humans sinc 1of 1970 mmmdinhmlwmﬂmdwmhwb
{about one=third of them in United Stotes), wm:: o single bottery f‘dlt:-m median a‘:ufdory C;mni-ion “Draft Generig Environmental Statement on the Wide-Scole Use of
mnzlx p:?:d‘,zm'u ncipio:: to dut:‘.l:'w - imarely 46 ﬂnm“ Pl ",‘-: P;M‘.C.T:,:: 'Pm" .u". If there is any clorification required on the data
L m nuclear pocemoker rec is 29 yeors on presented, please 0 call upon 8.
U.S. life expectancy and mortality data). The nuciear thermoelectric tec upon which
auclear batteries for pocemoker: ore bosed was developed primarily in the United Stotes, since Sincerely yours,
1955, and has beer utilized in nucisar space power supplies wherein one of the earlier nucleor
batteries (SNAP-3) has been producing power in a TRANSIT satellite for 15 yeors. The per-
formance history to dote gives credence to thy projections of expected nuclear battery lifetimes
of 20 yeors or more. It may, In foct, b.rslblo to vitimately produce o pacemaker power
supply that will operate for the lifetime of the youngest patients. ttman, F.E.
Chairman of the Board

Neverthelass, it would be unreclistic to contemplate that oll p oker reciplents should

e e 7o oge g e B terts Gl o s M B
ents in younger with long life expectoncy nown

disease such devices ﬁom available for the free chojc: of the physicion and mﬂ

indepandent studies indicate that based on today's patient population no more thon 15 percent President
of the patient population wauld be suitable candidates for nuclear pocemakers. Improved

marcury cells, lithium cells, rechargacble batteries, etc., as well @ nucleor batteries, will jz

oll pley a role in ldh()'ing the voriad needs of future pc:undtcrralom. No single power
supply is o panocea. Lust os there are many diffarent types of pulse generator and

n‘dJs in use today, different power supplies should be availdble 1o optimize the solution of
the pocing problem of the patient.

The ldborious odministrative burden imposed on nuclear pacemakers by npldoz:nl licensing
restrictlons has, and will deter frivolous use of nuclear pocemakers. Allowing the medical
conmunity the resdor: te choose o nucleur pocemaxer for their patients will make certain that
this technologicol odvance will not be denied to patients hest srved by them.

6E-Y
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CARDIAC PACEMAKERS*®

TABLE OF CONTENTS
Benefit Analysis - Pocemaker Population Considerations . . . . . . .. ..

Alrernotive Power Supplies for Pocemakens . . .. .. .. .. . oo

Rodiologicol Considerations - . . - .« .. ... E AR e T
Torrorist Considerations - . -+ .« coun v vsraas v snarnsoss
Comparative Scfety Considerations . . . . . . $n SRR SRS SR
Patient Conside atioms . . . .. .« samanae Ve ssme neanhe cosvae
*Weok Link™ Considerotions. « . . + - vc v vsvavevarsncassassca

Monetary Considerotions « . « . v v vvuus s senuR O P awee s e

Summary Conclusions . . .. ... daws ey e en veves cevasen

References . fRevesssansEessnBsN Yo Vrsasseassene
ATTACHMENTS:

N Whet to do with Used Mercury Bofteries . . . . .........

b, Doctor Defends Her Plutonium Heert . . . .. .. ........ "

- Expenses Per Patient Doy - Americon Hospitol Associuiion Dato .

COMMENTS ON THE NUCLEAR REGULATORY COMMISSION

"DRAFT GENERIC ENVIRONMENTAL STATEMENT
ON THE WIDE-SCALE USE OF PLUTONIUM POWERED

CARDIAC PACEMAKERS"

Benefit Analysis - Pocemaker Population o

As the primary benefit of ¢ plutonium p d p oker is its long life, all foctors
affecting the benefits resulting from longevity must be corefully considered. One of the
more important of these factors is the age of the patient population. Fim. 1 shows the oge
frequency of typical pocemaker bearers fram four wrveyed populations. These population
are for oll pacemaker bearers and probobly rep: primarily y cell powered pocers
because the data wos published in 1973, Shown on Figure | are the maximum and minimum
percentages of the four populations for each of the 10~yeor oge groups. Of parriculor note
is the foct that below oge 40, there is no 10-year grouping with o level of even | percent.

Figure 2 shows the normolized age group of the ' .ur ocpulations previously discussed
with the 3 NRC froquency @) ctilizad in i\... vonsfit araiysis. Als thows an Figwe 2
is the oge frequency for nuclear pacemokers as experienced by Medironic Iv\:.o’ It is
important to note thot the age frequency for nucleor pacemakers is for a much younger
patient population than either the wrveyed populations (Figure 1) or the NRC assumed oge
distribution. This is more readily apporent on Figure 3 which shows the distribution of the
age frequency. Note the distribution assumed by the NRC ond the four surveyed populations
{Figure 1) are identical. However, the oge distribution for the nuclear pacemaker popula~
tion is markedly different. The medion age of o conventionol pacemaker bearer is 468 yeors,
while the median for a nucleor pacemaker bearer is 46 years! This represents an enomous
disparity when considering longevity benefits.

Also shown on Figure 3 are two isolated points for conventional pocemaker hmn.“,
These represent the latest available data on oge distribution. They ore on indication of o
trend generally realized in the pacemaker industry, that the averoge age of all pocemaker
bearers is decreasing.

The ramifications of these daoto will hove considerable impact on the benefit analysis.
The NRC analysis utilized o conventional historic pocsmaker population for the direct com=
porison between the nucleor ond non-nuclear devices. We believe that this does not present
oa occurate up~to-date piciure. The NRC's beneiit anolysis shouid reflect the fact that
long=lived p okers are impl d in a much younger patient population group thon the
historical data for chemical powered pocers presents. The nuclear pocemaker age distribu-
tion experienced should be wtilized for the cost benefit comparisons rather thon the
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non-nuciear pacemoker oge distribution. That is, the nuclear pacemaker is o pecialized
device applicable primarily 1o younger patients. Therefore, 16 reasoncbly assess ity
longevity benefit, it is the younger potient nopulation thot must be studied and comparisons
mode with .

In this some regard, [t is the younger potients who will derive the maximum benefit
becouse of their increased longevity and life expectancy . This is clearly shown in Figure 4
which indicates that the 46 yeor old medion nuclear p ker recipient has an expected
remaining life of 27 yeors while the 68 year old median historicol conventional pocemaker
patient has an expected remaining life of 13 yeors. The effect of increasing life expactoncy
I8 further emphasized when cbserving the dacth raies' over the past number of years. Since
1920, the morality rate for the 45 to 74 year age group hos decrecsed from 52.5 10 36.7
parcent. People ore living longer thon ever before and the trend is continuing. In wing
the life expectancy and mortality dota published by the U.S. Pullic Health Service'™, the
aasumption was mode that is generally pted by the medical profession that an others ise
healthy pocemoker recipient has the some life expectancy os the general population.

Some of the comments on the “Droft Stotement” questioned this assumption. In offempting
7o assess this assumption, +e were able to obtain some further insights. Apparently the bas'c
cause requiring pocing differs in the older versus the younger patient. lschemic heart
disease is prasent much more often in the older potients. The mortality rate in the older
patient groups is 27 parcent in the 2 yeors ofter receipt of initiol implont. Once the older
patient survives beyord this point, the mortality rate is apparently similar to thot of the
overall population. In the younger patient, free of ischemic heart diseose, pacers are most
likely required becouse of congenital heart block or o5 o result of heart surgery. This
younger group, of which the nuclear o kear b is cepresentative, should have o
longevity os great as the general populotion. In foct, since pocemaker bearen are
examined regularly, other problems such as high blooxd pressure, diobetes, and tumors are
cought and trected earlier than in the general population so that this group's life expectancy
may actually be greater than that of the general population.

It is our believe that the nuclear pacemaker is most beneficial to younger patients
and that o free marketploce would reflect this fact. That is, even without NRC restriction,
the nucleor pacemaker would be o “specialty” product reserved for the younger and heolthier
portian of the pacemoker pooulatinn. This was reflected in o suds® performed frv v by
Dr. Victor Pamsonnet, Director of Surgery of Newark Beth lsroel Medical Center.

Dr. Porsonnet reviewed 100 typicel pacemoker patients on o retrospective basis and found,
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in his judgment, that |1 to 13 of these persons would hae heen suitable condidotes for o
nuclear pocemaker. Most of the 87 1o B9 exclusions were bosed on lack of expected patient
life expectancy. More recently, Dr. Porsonnet presented o poper = of the Society for
Voscular Surgery, reflecting on his experience with 62 nucieor p ok
The averoge potient age was 50. 1 years with o range of 12 1o 76 yeors. This compores
favorably with the median age of 46 ysors experienced 1o dote by Medtronics In its nuciear
pocer impiants.

It is cleor that the primary benefit to be derived from the nuclear pacemaker is its
long iife. In order 10 ochieve long=lived pacing, not only must the pocemaker function
properly, but the patient must alsc survive for @ significant number of years. In this regard,
we believe the longevity benefit analysis performed in the “Droft Statement” wos baved an
the wrong patient population. The benefit comparisons should not be made using historical
conventional pocemaker age distribution and camparing the nuclear units to the conventionol
units. The age distribution utilized for such comparisons should utilize the characteristics
of the nuclear pacemaker bearer population .

e, | 2
er imp ions .

Alternative Power Supplies for Pocemaoker:

Ten yeors ogo wher serious development began in this country and Europe tu provide
o nuclear power supply for pacemakers, the major impetus was the poor performance of the
then existing chemicol batteries which on the overoge lasted cbout 18 months. Since that
time, spurred on by the successiul development of nucleor batteries and their successful
implontation in humans beginning in April of 1970, o whole series of new power supplies
has been under development and ir some cases used clinically. As mentioned previowly,
to date approximately 1400 nucleor pocemakers hove been implanted in humans throughout
the world, the eorliest of these hos been successfully cperating for 5-1/2 years and all
have operated without o single failure due 1o the nuclear battery . (n any development,
such as o new long-lived power supply for pacemaker application, considerable clinical
experience must be obtained before any claims con justifiauly be mode. Decisions she ...
be mads on the basis of facts gothered over o period of time rother than on promises and
predictions of wonderful occomplishments to be reclized in the future. In that respect,
the 5-1/2 year period since the originol human implant of o nuclear powered pocemaker
@ive: considercblc confidenze ‘n the sorly projsction of o hieving a lifetime in exces of
10 yeors. it is also important 1o note that the success to date  th nuclear pucemaken has
come despite the probl inh in the develop ond use of this device by the
arrtuous testing progrom and administrative ond licensing procedures that hod to be followed
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in the preclinical tests and in the clinical protocals. The non-nuclear, long=lived power
-”"ﬂmndm-xhnmicrimuddidmcmﬁn!homm’hho-.
that has been imposed on the nucleor -

As mentiored in the previous section, the advent of the nuclear pocemaker initiated
the development of o number of pocemaker power sou other than the Mallory RM=1
mcdlwlﬁcbhdbnnﬂ\cumddrhim!amym‘ The most promi-
nent, in terms of utilization to date, are the lithium botteries produced by Wilson Great~
batch, Lid., the rechargeable cell produced by Pacesetters Inc ., ond the “improved™
Mallory mercury cell. Other power sources still in the laboratory stage, recently announced
s long=lived power supply possibilities for p okers, are the G | Electric sodium=
bromine, the Univerity of Pennsylvanio silver zinc, and o host of other types of lithium
cells. S-d»nnunivuny-vomudlymmboviélcpwmsymhrc-dlc
wmﬂmywdlmmulwwwmwlmwaﬂ.

hhmnovomdwoiodMonﬂnMul life of any of the new power sources.
When the RM~1 was initiolly used, its predicted lifetime wos & years. Its actual life tumed
out to be 1.5 to 2 years. This wos due to the foct that the life estimate waos based upon
capacity considerations, but the uni.s failed primarily due 1o internal shorting while a large
chemical capacity still remained. Mow chemical batteries have foilure modes leading to
lifatime limitations other than theoretical capacity limits. Corrosion, reduction of effec-
tive electrode surface areas, build up of internal impedance, or shorting, are all foctors
that can become the actual limits 1o bottery life. Such phenomena could well exist in soms
of the newe: power sources ond become the life limiting factor.

Calling the nucleor battery o “bottery” is in o sense & misnomer. It is reclly o
generator, converting heat to electricity on o continuous basis. Its output folls with time
due o decay of the nuclear heat source. It gets its long life becouse of the long half-life
(87.8 years) of the Pu=238. Therefore, the type of failure modes possible in chemical
botteries ond the "drain” and shelf life probl inherent 1o chemical cells are not in evi~
dence in "nucleor generators.”

One of the more promising long=lived power for px okers, in oddition to
Mlem,Mhmmdwwwinwmiahdem
Is the lithium-iodine battery covered in your “Droft Statement .” Although the clinical
testing of this bottery hos proceeded since 1972, it has not os yet reached the totol lifetime
mimdi-l/?pmvodmahkndbyrhm:loamudpcm. Becouse
the foilure mechanism of chemical batteries is not necessarily related 1o the theoretical

chemicol capacity (os previously discusse: ), the octual life of lithium=-iodine batteries will
not be able to be determined util lorge numbers hove been used to depletion. Intemal
packaging considerations are very important to the lithium=iodine cells. lodise migration
could couse premature failurs in much the same manner that mercury migration coused
premature failure of the M- 1 cells. The largest manufacturer of this type cell, Wilson
Greatbatch Ltd ., bosed on loboratory data, shows that these cells will probably have o
lifetime of on the order of & to B yeors, despite o theoreticol lifetime of over 13 ysan.
This matches 1o some extent the fact that initiolly mercury cells used 'n pocemakers which
have a theoretical liiutime of & years octually performed in the ronge of 1-1/2 to 3 yeors,
in clinicel use. It should also be pointed out in the “Droft Statement " that there is no such
thing o3 a generic lithium battery. [n addition to the lithium-iodine battery, there ore cur
rently at least & different types of lithium cells under development, mest of which will be
considered s possible power supplies for pacemaken . These cells all use lithium, but vary
in type of electrolyte uud.“

Nickel cadmium recharge-ble batteries were idered for p aker 1se since the
beginning of the pacemaker industry, approximately 15 yeors ogo. Both in Englond and
Sweden small numbers hove been built. Wide=scole use has never developed from these
early efforts. More recently, in this country, Pocesetters inc., utilizing o rechargedble
Ni-Cd system developed by the Applied Physics Laboratory of The Johns Hopking Univers'ly,

has been manufacturing ond marketing o pacemoker using a Ni-Cd rechargecble power supply .

What the actual life of this system will be, only rime and use will determine. Your initial
“Droft Statement” referred to . nain medicol references which consider it difficult to

re’ bilitare patients who are externally rechorge dependent . In addition, there are special
,woblems related to *{i=Cd batteries, which if not solved in the power packoge currently in
pacemaker use, could prove troublesome . This problem relates to the “memory " effect in
Sow drain Ni~Cd systems. Secersl papars'' 1)* iz have been publisied relating to this
effect. Apporently, low discharge rates couse crystalline growth in the cadmium electrode
thereby decreasing its effective surface orea. This mokes the battery progressively more
difficult to charge. Elevatey temperature tends 1o increase the severity of this problem. To
olleviate this phenomeno, o high rate of discharge “wst be periodically effected which is
quite difficult, if not impossible, with an implanted pocemaker . While this effect may or
may not prove to be a difficulty with the nickel-cadmium rechargeable batteries presently
being utilized in pacemakers it serves os an example 1o indicate that present judgment on
the | fetime of this power system may well be premature .
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The silver-zinc system is newer than the lithium-iodine or nickel~codmium calls
previowsly discussed . However, it is interesting to note that many years ogo when this cell
wos formulated or o secondary battery, it wos found that mercury addition improved ity
charging characteristics. As more mercury was odded, the recharging became better and
better. This whsequently resuited in deve! of the y cell.

The above di ion is not | ded a3 being critical of any of the newly developed
chemical p oker power . Rather, it is given 1o exemplify the foct thot these
devices ore still new and unproven. Their reliability connot be estimated from having
large numbers of units operating for short time periods as is the case with electronic cir
cuitry. Chemical batterins generally fail due to “wear out " insteod of ot “random.* This
Is cleorly evident from the foct thot battery reliability is charocterized by @ Nomal or Chi
Square distribution. Rondom failures are charocterized by an Exponential distribution.
Therefore, more time will have 1o elapse prior to making @ final judgment on the true life~
times and viability of the new chemical power for p nakers .

Rodiological Considerations

This subject must be locked of in two parts; the radiologicol sofety from o rodiation
emanation point of view ond the safety of the fue! capsule ond fuel form from a contomine~
tion point of view.

In the product produced by us, the ATOMCELL® nuclear generator, we have token
great peing to reduce the amount of fuel wtilized und to put such fuel in o chemical ond
isotopic form minimizing both the above mentioned radiclogical factors. First, aur nucleor
generator has, 1o the best of our knowledge, the lowest fuel lcading of any of the currantly
manufactured davicer. nominaily 140 mgm of Pu=22" or 2.3 :gg curies. Secondly, we use
this plutoni i form p 'obtnnﬂ»mﬂ,i.o.,ﬁnw’oc)whho
melting point of 2240°C. Additionally, we utilize “medical grade pluton’ m, * or plutorium
greater than 90 percent Pu=238 with the Pu=236 conient held ot less than 0.3 parts per
million os produced. Additionally, the normal oxygen in the NOz is convarted to
oaxygen=16 to further reduce the radiation level. The pressed and sintered pe!let of NO,",
which is very hard ond has o theoretical density greater than 95 sercent, is ther hermetically
encopsulated in the nuclear pacemaker within four welded and hermetically sea'ed con-
tainens fobricated fram high strength, high temperature, and i i metals.

The nuclear p cker fuel . apsule hos been tested to demorstrate its ability to with-
stond corrusior., high velocity impact (including being hit by o high velocity rifle bullet},

inach

thermal stresses, crash resistance, and high temperature resistonce including cremation of
1300°C, prior to its release by NRC for clinicol trigls. It is therefore difficult to under
stond some of the comments onu, in our opinion, unreclistic concemn relnting to the radio~
logical safety of the device. Little cognizonce seems 1o hove been taken by some of ' he
critics of the very stringent test criteria imposes on the nuclear pacemakers by the NRC
prior 1o allowing their use in clinical triols. (t almost oppears as if some of the reviewers
assumed that the plutonium-238 is easily released, os if it were contoined in o "paper bog.*

The odministrative controls ploced on nuciear pocers by the NRC were olso cited by
some totors as ples indicating the hazordous nature of the pacemakers. This
was porticularly irue with regard to recovery of the units upon patient demise. We would
like 1o point out thot recovery of these units accomplishes severol purposes, only one of
which is related 1o rodiclog.cal safety. First there is o major benefit 1o the pacemakar
manufacturer in giving him an opportunity to examine the units ofter extended operation.
This enables upgrading the device after practizol appiication. Secondor’ly, becouse of the
long half-life of the nucleor ‘vel (87.8 years), there is no reason that the sources cannot be
recycled and 1 ised un o repetitive basis. Even after 20 years of use, such o source will
have lost only 15 percent of 'ts original heat production copability . Additionally, the
recovered sources con be reprocessed and upgrolad ofter their .pecific power falls to an
unacceptoble level . This modus operanc’ would certainly minimize the total quantity of
akers and ve o valuable resource in limited

plutonium necessary for nuclear
supply .

Other comments received o e "Draft Statement® related to the toxicity of plutonium
Some were :tated in emotional terms such as “the most deadly matericl known to man." As
the NiC is aware, this is bardly the cose. Many nerve goses and biological agents ore for
more lethol than plutonium. Authorities such os Chauncey Storr, Dixie Lee lcyna) and
Bernard L. Coh-n“‘) hove oll recently commented on the taxicity f plutonium by compari=
son to other toxic materials. Or. Roy indicated that hotulism is one million times; dyptheric
one billion times; and muscorine ten times more toxic than plutonium. Muscarine is the
toxin found in the relatively common mushroom. The most cogent ideraton, M B
remains the fact thot to date there is not o single documented account of o f: ality due to
plutonium poisaning. This is either a strong tribute 1o the skill of the numerous organiza~
tions which handle this material on o routine boris, or perhaps the nlutonium is not quite o
dendly os some of the odverse comments would lead us to believe.

When reviewing the d rodiation iderations of o nucl

p oker, one
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because of the minute amount of rodiation it emits. Most of the nuv lear pacemakerns pres=
ently licensed for clinical trials have mdiotion levels on their wface between 4 and 5
millivem per hour. This level will increase ofter 10 to 14 years to about 8 1o 10 millirem
per hour and then begin decreasing . This phenameno is due 1o the growth of daughter
products from the decay of the various plutonium sotopes, primarily Pu=236. The rodiation
level foils very quickly with distance dropoing to less than 0.01 mrem at 50 cm in oir.

By ony standard, the radiation emanating from plutoni powered p akers is low.
lhnnlIWWMOMMMQMEWMWimwmhmﬂna‘ud"‘
recelved from a single dental 2-ray. We do nov balieve that we con resolve the low level
radiation cont sy in this d t. However, we con point out that the linear dose
extrapolation theory® is not supported by any base of scientific information. It has not been
proven . “ncnly'hlng'hcemhsddvi'hmydo'udnﬂdnyinhd”n"mh
extrapolation theory is @ worst ¢ e condition. Jased on the evolutionar,; aspects of mon in
a naturel rodiation anvironment where great mertal and physical improvements have taken
place over tens of rousands of yeo- it is probably an extreme worse case .

Acother aspect of the radiotion emancting from o nuclear pocemaker not realized
by the loyman and sometimes even by nuclear expert is thot if is so low it is difficult to
measure. Determination of this low o rodiation level to o reasoncble degree of occurocy is
o difficult undertaking for a number of reasons. First ond foremast is the fact that the rodia~
tion dose level is extremely low and consists of o mixture of gammas and neutrons. Second,
the plutonium sources are physically very small (ours is @ cylinder 0.34 inches in diameter,
0.30 inches long) and the radiotion dose is very sensitive to the distance from the sowce.
Therefore, if o reasonably sized TLD chip or piece of Kodak Type A film is ploced on the
surface of the pacemaker, they will be nonuniformly dosed and are thus difficult to reod.
They must be scanned to pick up the moximum dose point. Therefore, even the low rodia
tion levels rezorted for plut powered p kers occur only ot o single point on their
surfoce and the dose rates ot all other points are significantly less.

‘;o |inear dose extrapolciion theory expounds the notion thot the measurable damage done
to living organisms can be linearly extrapolated to low radiation doses. This results in the
conclusion that any rodiation will do some domage . This is in contrast to the threshold
theory that below c cartain level of radiation, living organi will be resistont and incur
no damoge .

2

WOMNWHMIQMWMM!MNWM
in context is by example. The following low level every doy sources of radiation are cited
from Reference 15, The rodigtion dose 1o even the closest member of o nuclear pocemaker
bearer, his souse, is token from the NRC's “Draft Statement . ™

Source Annuol Dose in Millirems

Nucleor pacemaker bearer's spouse 51015
Sec level cosmic (odd 1 for every 100

feet of elevation) 40
Breathiny, air (U.S. overoge) S
Water ond food (U.S. averoge) 25
Living in o brick house 8
One transcontinental jet flight 0
One chest X-ray 150
One gostrointestinal tract X-ray 2000

These are relatively common sources of *adiation ancountered in our every day lives as part

of our naturc! environment . Persons residing in Denver, for insh , receive on odditiona!
53 millirem in o yeor due to the increased elevation. Does this moke Denver on unhealthy

area in which to reside? Indeed, it is generally regorded os being just the opposite .

Therefore, placed in the proper context, the plutonium powered pacemoker rodiation
levels should not be of concern. We previously submitted o tairly extensive npon"” to
the NRC showing thot based upon ali the experimental evidence we were able to find in the
literature that there would be no organ effect from rodiation up 1o 25 millirem per hour for
a 30-year exposure. This is summarized in Figure 5 of this submittal .

The only other item to be mentioned concerning the radiation level, which also impacts
the radiological safety consideration, is the plutonium inventory in a nucleor p ok
Many of the examples cited in the NRC "Draft Stotement” utilized o pocemaker containing
8.3 Ci of plutonium=238. This is o'ypical of nucleor pocemakers and again represents o
worst case condition. Most plutonium pocemokers hove on inventory far lower than this
volue including the Medtronic, Cordis, and the Americon Opticol units. The inventory in
these units is 2.3 to 2.8 curies. Further, these are first generation devices ond should the
nuclear p aker prove sful in the marketploce, the curie level will undoubtedly
decrease as more efficient units ore developed.
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In the envi tal impoct of the NRC's "Droft Statement, * o very
thorough job was done to evoluate the radiation emanating from « mxlear pocemaker and
ity effect on both the patient and the general population. We concur from our own exper-
ience in the conclusions thot these levels of rodiation do not represent doses that should be
of concern.

Terrorist Considerotions
A wor of the to the "Draft § * oddr d th Ives to possible

terrorist activivies utilizing the plutonium contoined within the nuclear pocemaken. These
comments regording the possibility of terrorist activity utilizing plutonium extrocted from o
nuclear pocemaker are difficult to oddress becouse logic does not apply to such behavior
and one even hesitates to discuss it. Many of the “scenarios” postulated in the comments
on the "Draft Statement” appear to us of least as unreclistic. There ore, however, certain
physical aspects as to whot detr’ nental effects could be induced by terrorists utilizing
nuclear pacemokers that con be hypothesized.

One of the improbable scenarios is the comstruction of a fission "terror™ weapon from
the plutonium gothered from o number of the nuclear pocemokers. First, Pu~238 is not
fissionable in the same sense as Pu=239. irs fission cross=section is not well estoblished,
but definitely is not os fovorable as Pu=239. However, even if a weapon could be con~
structed from as little as 5000 groms (approximately elever. pounds) of plutonium-238 which
is the estimoted amount required for the more easily fissioned Pu=239'"7), 30,000 nuclear
pocemakers would be required. That is, the terrorist or terrorist group would have to kill
more than 30,000 persans in order to collect sufficient plutonium to construct o weapon .
They then would have to metallurgically process the PUO, fuel 1o plutonium metol and
fabricate the weapon, il the time being hunted by police. This is not only illogical, it
would be physically impossible 1o track down ond murder 30, 000 persons on o selective
basis without being caught .

Another "terror scenario™ is that of terrorists obtaining nuclear pocemokers, cutting
them open, grinding up the plutonium, and subsequently dispersing it in o vded or popu~
loted area. Not only is such o scenario highly improbable, but it most probably wouldn't
result in “terror type” results for o number of reasons. As in the weapon example, the
terrorist is foced with locoting and killing numerous persons in order to callect the plufonium.
To get even o grom of plutonium=238, he would require no less than seven victims. Next the
terrorist is foced with the task of opening the p aker %o the plutonium. This
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Potient Comiderations

In the isvonce of the “Droft Statement * and the ¢ th . the pati
have hod the wmellest voice ond they are perhaps the most concermed group  The patients
are not on organized group and the lorge majority of nuclear pacemoker bearers are not
aware of the licersing and regulation process nor even the existence of the "Droft State~
mant.* They do not review the Federcl Register on a regulor basis nor are they probably
oware of the continuing so~called "nuclear controversy.®

It would eem that additional emphasis should be given 1o the role of the patient in
selecting the rype of pacemaker to be implanted. The risk/benefit analysis must consider
the impact on the patient of repeated surgery versus the e of long~lived pacemakers.
Pacemaker replacement may be “minor .urgery” to the surgeon, but it is viewed entirely
different by rhe patient. The anxiety created in the patient in cantemplation of their poce~
maker power supply being depleted, os wel! as the surgery required to reploce ir, undoubtedly
is @ burden of considerable significance which cannot be eosily or objectively measured. It
is interesting to note that nuclear pocemakers have been chosen, despite the odministrative
controls placed on the patient by current licensing procedures and the scare tactics of nu-
clear oppanents, by people wha because of their social and economic position can get the
benefit of the best medical advice and treotmen: . Additionally, o number of these patients
ore alic scientifically or technically troined to moke o most rotional decision by themselives.
Such patients include a female physician who is on expert in the fields of cancer epidemiclogy
and the relation of cancer to the environment; o former chaimman of the Pocific Section of the
American Academy of Sciences, age 68; o groduate female chemist, age 32; and as has been
reported in the Jonuary 11, 1975, issue of The New York Times (copy of article enclosed as
Attachment "B"), no less o personoge tha.  _uaid |, Brezhnev, the leoder of the Soviet
Union, age 69. It therefore appears that when patients of this type hove the free choice,
regardiess of oge, as to whot type of pacemaker 1o receive, that at least in these instances,
they chose the nuclear pacemoker; recognizing that whatever the slight risk they may incur
in having o tiny aucl implanted in their body, that the rewards outweigh the risks.

There is an interesting potient reaction to an article puolished in The Washington Star
racently entitled "Plutonium Makes The Heart Beat” which was attributed to Mr. Rolph Noder .
The orticle wos reod by Dr. Lucio J. Dunhom who is o specialist in the field of cancer
epidemiclogy ona herseif o nucleor p ker b . She responded to Mr. Noder's

orticle which The Washington Star olso published on April 10, 1975, under the title
"Doctor Defends Her Plutonium Heart " (See enclosure, Attachment “C*). In her resporse,

Dr. Dunhom cleorly indicates thar she is well oware of the technical aspects of the

plutanium powered p ker ond she expounds o stounch defense of these devices. Her
response is initiated with the paragraph, " want to protest Ralph Noder's recent column
headed, ' Plutonium Makes the Heort Beot.' ” It concludes with the parograph, "I regret
that the Noder arficle on plutonium use for devices 1o assist the humon heort is not based

on sound scientific reporting, and thus does o disservice to the thinking American public.®

Dr. Dunham is cbviously an atypicol pocemaker bearer. She is well educated and
very well informed regarding the technicol aspects of the nuclear pocemaker. Most signifi~
cant is the foct that she is o speciolist in epidemiology and discounts in her orticle
the possible corcinomo effects described by mony of the adversary comments on the "Droft
Statement . " Another significant point is that Dr. Dunham did not odopt an attitude of ,

"I have my nuclear pacemaker; let other people worry about getting theim. ®

The patient population most important 1o consider with regord to nuclear pocemakers
is that group of persons who are reiatively young ond healthy, but whe will requirs o poce=
moker in the near future. These persons are os yet undefined. As Dr, Dunhom expressed
the situation in her article, “Five months oge | hod the entirely unonticipoted experience
of having o cardioc pacemaker instolled in my chest.” The only way this group con cbtain
the benefits of o nuclear pacer is by allowing their physicion to make oveilable, and
recommend when indicated, the free choice @ to which type of long-lived pacer they pre~
fer. If these persons do not want nuclear pacemakers, it will quickly become apparent in
a free and competitive morketplace. If not needed, the nuclear pocemoker would dis~
appear as did the "Edsel " automobile ond other unwanted or obsolete and non~
competitive products. Ho vever, the only hanism for o ining the need for plutonium
pacemakers is to allow o free choice when the doctor recommends, and the potient desires,
such a device. This con be accomplished anly if the devices are released for use as was
recommended in the "Droft Stotement .

Weak Link Considerations

Some of the comments on the "Draft Statement” questioned the need for a lang~lived
pocemaker power supply on the basis that other components such os the electricol leods and
electronic components would not last the design life of the nucleor power supply and
therefore abrogate o neea for such o power suppiy . This is not a valid argument . In the
post, before the advent of long-lived power supplies, it was not y to have electd
cal leads that would last 10 or 20 yeors, nor for that lectroni that

>
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would last much more than 2 to 3 years, since the mojor ode of failure was depletion of
the mercury-zinc batteries powering the vast mojorities of pocemakers. In oddition,
becouse these mercury cells hod to be vented to get rid of the gases generated in their
discharge, the entire pocemaker was encapsulated in o biocompatible silastic or epoxy
materiol which would "breath” out the gases. Fortuitously, it was found out that these
same epoxy materials, olthough possing water and water vapor, did not allow the salts in
the body fluid 1 ‘aterfere with the functioning of the discrete electronic components in
use of that time.

Recognizing the need for improved lifetimes, the p oker industry worked on
methods of reducing the power drain on pocemokers by the design of better circuitry wing
solid-stote electronic compenents and smoller surface orec electrodes 1o reduce the power
required to poce. These more modern and ielioble long=lived solid-stote elactronic
components, however, must be enclosed in o hermetically seoled container very much akin
to that developed and pioneered for use in every nuclear p ok foctured. In s
o sefting, with current technology for electronic components, there is every ossuronce that
the pulse generators will lost as long o3 the long-live power supplies powering them.

in the area of leads, agoin in the past, it was not hnology for
leods promising lifetimes longer than that of the power supply . Much successful develop~
ment wark has beer accomplished in the lead area over the poit yeors os longer—lived power
sources have become cvallable and becouse of the use of pocemakers in younger patients.
Leads being implunted at this time have o heart "beot expectancy” greater than one billion
times, based on loboratory testing. This is equivalent to a 30 year lifetime for leads. In
conversations with our pacemaker customers, who manufacture the leads, it appears that
none of them consider this o major problem and thereby o weak link in the use of long~
Yermed pacers. In order to get the latest available data on leads, we would advise that
the NRC get in touch with the manufacturers of leads io cbtain any corroborating details
required .

y to uie

T icol Deve and Other Benefits

Technology is continuously moving and it is most difficult to fairly compare various
altemativa solutions without o full knowledge of not only the current status but the future
potential of u purticulur davice. We have aliuded previously to the fact thot the deveiop-
ment of o nucleor pocemaker power supply stimulated the improvement of existing chemical

batteries ond new primary ond secondary chemical devices. Such technological competition

in a free morketploce is the ideal woy to make certain that the best possible solution to the
problem is avoilable to the medical profession and the patients. Current nucleor boftery
technology married 1o improved electronic components in the pulse generctor make it
pessible to packoge o nuclear pacemaker smaller in weight and volume than most chamically
powered devices. Also, because of the low weight and density of the nuclear battery, it is
possibie for the manufacturer to design o pacemoker pockage minimizing the discomfort to
the patient and the possibility of extrusion through the skin. All nuclear pacemakers being
produced ore in hermetically secled metal cans, thereby aiding in achieving maximum
religbility and life for the electronic components and in the shielding of the circuitr; from
microwave sources .

From our odvanced development program, we definitely believe that it will be possible
to develop ond manufacture o p aker in the not unforeseeable future whose total weight
would be in the 40 grom range as compared 1o current ATOMCELL® powered models which
ore in the 80 grom to 120 gram ronge. The size would olso be further reduced. A pace-
maker dersity opproaching that of body tisue {which is ideal for potient comfort), has
already been achieved in ATOMCELL® powered pacemaker units. In fact, research work
fios boen dons’ '? thot indicotes thet ultimately o pacemoker mey be possible to be devigned
that requires no electrical inads, but would ochisve the same purpose by the whole poce~
maker packoge being oftached into the heart muscle itself thus mimicking os close os possible
the “naturcl pacemaker” of the heart .

For mony years the pacemacker manufacturers have been developing pulse generator
circuitry and smaller areo pacer electrodes requiring less and less power. This was done in
on attempt to minimize battery “droin.” As the nuclear powered generator is independent
of "drain, * it may become the ideal power supply for such pacemaker models os the
American Optical "Bifocal” fwhich paces both the atrium and ventricle) and the Cordis
"Atricor” (which is on atrial pulsing unit!, wherein more power is required. In addition,
work has been proceeding for some time on "pocer defibrillaton” which would continuously
monitor the heart, pace when necessory, and defibrillate the heart when necessory .

Such on implanted defibrillator might also benefit from the unique capabilities of o nuciear
generator,  If power droin is no problem, seli-diagnostic features could also be included in
pocers to enchle in-vivo determination of lead resistance, condition of the electronic
circuitry, thresholds, etc. 'n other words, there may be many beneficial features that can
be odded to o pocemoker that have not been considered to date so os not to foreshorten ity
lifetime by draining power from its chemicol botteries. Such ideos become feasible with o
nuciear generator which is not power droin limited .
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Ir addition, becouse of our work in nuclear batteries, we have been contocted by
physicians with interests in sc.ving other medical problems requiring long-lived electrical
power within the body . These include power supplies to be used in broin pocemakers

tly under development, and in some cases clinicol tesr, whersby victins of cerebral
polsy ore helped to lead acceptable and meaningful lives as well as in the use of
implantable hearing aids for hearing problems which cannot be solved by the usuol external
type hearing aids.

it is therefore important 1o recognize thot the nuclear pocemaker power supplies have
only begun to moke their contribution ond thot 1o restrict its use unnecessarily would be o
disservice to mankind .

Monetary Considerations

In owr apinion, monetary considerations should not be a major factor in selecting the
appropriate type of pacemaker for o particular potieni. However, in the cost comparisons
that are made between nuclear pacers and conventional pacers, several factors seem
important

First, monetary comparisons should be based using o span time reflecting the life
expectancy of the potient population most likely to receive o nucleor pacer. This should
then be compared to the best chemical long=life system available. Reasonable extrapolo~
tion of pocer lifetimes, based on experience io dote, should be used. Additionally, since
the reloted surgicel, medical, and hospital expenditures cre o sizable amount of the total
costs and since these costs have been increcsing ot o faster rote than our overall inflation
rate, medical and surgical cost escolation focton should alio be considered, The importance
of this aspect can be seen from the trend of expenses per patient day in American hospi*als
as published by the Americon Hospital Asscciction (see Attachment “D*) os compared to the
GNP "deflator” published in The Wall Street Joumol, August 11, 1975,

Number of Hospitals Expenses Per GNP "Deflator”
Yeor Inc luded Patient Doy Percent Increcse  (loflation Rate)
1969 5,853 $ 70.08 = 4.8 percent
1970 5,859 81.01 ) 5.5
1971 5,865 92.31 ai: s
1972 5,84 105.21 1.4
1973 5,891 114.69 'T: 5.6
1974 5,977 128.05 - 10.6

OVERALL 82,9
z

As on example of our suggested opprooch, we have prepared o cost anolysis using
some recent date and certoin assumptions. In this example, we anomed that the nuclear
pocemaker would have on effective life of 15 years and o current price of $5, 500 ond
compare it 1o a long-life chemical bottery powered pacemaker of the hermetically sealed
type, wing C-MOS circuitry, with o projected life of 7 years and an estimoted current price
of §1,800. Approximately half the cost of a nucleer p aker is the nucleor generator .
This element of cost should not increase ox fast as other pocemaker components in the futun
because as production rates become more than nominal, certoin cost elements should decrease
A3%/annum escolation for nucleor p oker cost was therefore utilized in comporison te o
5%/ lation for chemical p d p whose costs will more likely reflect the
inflation rate hoped for in future years.

It is probably also true that the ropid increase in hospital patient expenses over the
past yeors wos due fo large increases in “catch up" labor costs. Hupefully, this rate of
increase will moderate. However, in our own Stote of Maryland, the regulotory agency
governing hospital rates recently approved o further increase te most hospitals of over
9 percent for 1975. Neverthelew, in the cost comparison ple pr d herein, an
8 percent per yeor escolation rote for the next 10 yeors decreosing to o & percent per yeor
rate from thot point forward, wes assumed for hompital cost escalotion. Hospital costs ot
date of implont were assumed 1o be the some os those used in the "Droft Stotement, ™
i.e., $1200 for the initial implent and $500 for the replacement .

The trend in surgical expenses is more difficult to ascertoin. ilizig Consumer Price
Indexes published by the U.5. Deportment of Labor reloted to tonsillectomies and odencidectom~
ies, the surgicol costs were found 10 increase an average of 6.8 percent per annum from
1969 to 1975 We were not able to get useful data on historical pacemoker implont charges
and therefore used o 4.8 percent escalation foctor for surgical expenses in our example,
starting with the $800 surgical fee for original implont escalated to $850 for 1975 costs
and the $400 charge for re~implont used in the "Draft Statement™ as the 1975 starting
figure for this element of cost. We also assumed that the other “medicol™ expenses used
in the “Draft Stotement” would be escolated ot the same rate (6.8 percent per annum) as
the srgicol cosis.

We further assumed that the averr je patient receiving o long=life pacer would be
43 yoors of age (Yhe raidpoint of the 4510 50 range). At age 40, Lased on the life expecioncy
data previously presented on Figure 4, this patient would hove o ining life expectancy of
27 yeors. Even if thi: life expectancy is somewhot reduced, in view of the discussion pre~
viously presented, our example still would be essentially valid on @ comparative basis.
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Table | presents our tabulation of cumulative costs based on the assumptions stated,

o fol lows:

TABLE |
EXAMPLE CALCULATION OF CUMULATIVE
PATIENT COSTS OF LONG-LIVED PACEMAKERS
{Costs have been escolated in occordonce
with the assumptions presented in the text)

Initial implont, 1975 Pocemaker 5,500

Hospital 1,200
Surgery 850
Other medical 250
7,800
Nﬁcad mplant
ement | »
1982 : Pocemaker e
Hospitel Sew
Surgery L
Other medical -~
Chemicol
m‘um’“i:ﬂﬂ.
1989 Pocemaker oo
Hospital —
Surgery .
Other medical -
e
ant,
1990 Pacemaker 8.5
Hospital 1,748
Surgery 1,073
Other medicol __ 671
12,081 19,861
Chemical pocer
lm‘ l#“o
1996 Pocemaker i
Hospital -
Surgery -
Other medical -

-

Chemicol

Powerad
Nuclear Nuclear Cumu= Chem . Bottery  Cumulotive

Occurrence & Yeor ftem of Cost _Pocer,$ _lotive Cost,$ Powered Pacer,$ Cost,$

1,800
1,200

8,520

15,427

5,015
2,028
1,59

9,630

The difference in total dollar costs for the example cited it §5,196. Of course, this
amount to be expressed in 1975 dollars should be discaunted to reflect the 21-year overall
inflation rate over the period. This rate is difficult to approximate. If one ossumes that
such rate averages 4 percent, the sovings in 1975 dollon is $2,280. Assuming @ 5 percent
inflation rate, the sovings in 1975 dollars is $1,865.

If the nuclear pacer lasts for the entire life of the potient, as may be possible, the
savings is ($25,057 1o $7,800) = $17,256. This soving discounted of on average rots over
the 21 yeors of 4 percent is $7,573; ot o § percent discount rote, it would omount ta
36,194,

Conclusions

Based upon our studies, we conclude:

1. The benefits resulting from o ruclear pacemaker are primorily derived
from its long life and therefore any onolysis performed in this regord
hould consider the younger patient population (median oge 46 to 50
years) which will receive nucleor pacemakers.

2. The olternative long-lived power supplies have yet 1o be proven ond if
successful will not eliminate the need for the substantially longer life

nucleor powered pocemakers.
3. The rodiation emanating from nuclear pacemakers is very low and will
produce inconsequential effects on the b ond his closest iat
4. Possible terrorist acts using the very small amount of Pu=238 in nuclear
okers would be ol ible

” »

5. Based on arduous testing, the nuclecr pacemakers licensed for clinicel
use are highly sofe and will pose very little risk to the environment .

&.  Potient comsiderations have been largely neglected in all studies
performed and olthough somewhat subjective are very important .

7.  Present pocemaoker leods are prabably sufficient to lost for many yeors
and data to this effect is ovailoble from the pocemaker producers.

8. Further important technology innovetions are possible in pocemaken
ond other medical devices when idering ruclear powered systems .

9.  The monetary savings to a younger patient will be substantiol from o
| aker as compared to long-life chemical pocens.
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In summary, we ogree with the conclusion contained in the "Droft Statement® that
recommends the wide-scale use of pl ium por d cardioc p okers under certain
administrative and | ing Is. We olso consider it only fair that ofter the intense
testing program (more severe thon any conventional power supply was ever subjected to)
thot *Se NRC move os quickly os possible to oliow pacemaker patients to benefit from this
development. Further delay in reaching this conclusion would not only destroy the
capability existing for production of such devices, but unfortunately most probably stop
the whole base of technology and its benefits to mankind.
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ATTACHMENT *A*

VWHAT TO DO WITH USE
MERCURY BATTERIES?

Sales of slectnc and slectionic watches. alarms and
clocks are QIowing ves! Dy year, accounting today for
#n estimated 10% of 1o1al production, 3 hgure which &
expected 10 rise by one-thad by 1580 This growth s
paced by & comesponding incCrease n the use of
mercury batieses 0 keeping wah thes 1 1o 2 year iy
span Apant from us energy o orage funchion. mescury
3% 8 heavy Liguid metal has consdenbie drewbacks
in the lorm of vapor of altoyed with oiher metais 4 3 2

s and even hghly losic polivting agent
When sxactly does mercury become dangeous’ Nat
when it forms salt crysials of sponge Even under
condiions of extreme humididy. Only the electiclyte
wiil seep out. On the other hand, when Datieses shot

cwcunt wach other or recharge and nM when they
are spht open. misshaped of

i
s
4

7
¥

4

TEILERER

heat (as n gardage incineranon nw:u) untl they
burst, the mercyry becomes dangerous.
In Japan » countty where mercuty has caused
darage. o that
No person can o-ucnou » fresh mercuty  betiery
without handing n a used one N s Thewiore
imperative 1hat you mform your customers of Yhs
matter Mercury COntaming obecis must NotL simpiy be
hy n the ebasket But then what s 10 De
done with them 7
We ave ashed three major mercury battery maoufac-
1urers 1o answes this question.

Leclanché SA » don. S tiand. was ore of
the lust in the industry 10 take back used batienes.
For the last theee years \he company has

Stensurasse 1. 8036 Zunch (atv Mt Andress Movc)
Phone 01/358535

vs-v

Union Carbide Europe SA has been in Switzerland
for the last 25 years Since 1968, the company has
actively coopmated with the Swiss watch industry At
the time. Union Cadude supphed its fust-generation
mercury batienes 16 manufacturers only. Over the last
two years, disinbutors have begun supplying them
directly 10 retailers

I hus Jwiys Been the comparys policy to ake
Dack used battenes which are then stored in & suitable
location. When a large enough amount of them has
been collecied Union Carbide will tuen them over 10
the Swiss o Ewopean metal ndustry for re-use
Watch manufaciurers have been kept informed of
company pohcy regarding the return of used baneres.
Umon Carbide was the fust company in the U S end
especially i Japan 1o set up & collection network for
used mercury Lattenes.

2299
29¢¢
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Mallory Batteries has been represented 0 Swiger
tand since 1962 by Yua Mumt AG Zunch For the
last two yoars or 30 3l ep atives ard 4
have been tormad 1hat Mpiory takes Dack used
mercury batteries Abowr 200 wios of used banhenes
ate sant monithly from Zunch 10 3 recvc! A7 Gant st
up #t grest cost o Belgum Recyciul ratuy @
more expentive 107 the COMPany (Nan nes mercury
ut the cOmpany regards s HOICY 83 2 CCI1LDIDON 10
envionmental protechon

Three times 8 year Mallory Inm-u WBMM an
informanon bulietin for wholl and

Interested readers can obtan 8 cogy fom thew
whaolesale supahes From Aoed 1875 on Maliory »
providing used bDatery contangrs These will tust be
disinbuied 10 and 9 ®d stores. now the
largest users of mercury batleries. and 1 » laver date
10 walch stores.
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ATTACHMENT "8

THE NEW YORK TIMES
Janwary 11, 1975

Paris Newagaper Asserly
Reechory Uses Pacemars

et med 4 Bom it fuovEaas
Quotsg  wadical

WASHINGTOMN STAR NEWS - 4/10/75

Doctor Defends Her
Platoniom Heart

| wane to protest Ralph Nader's
recent oolumn headed .~ Plutomum
Makes the lican Bea

1 have often found myselfl deeply
sympaihetie with Nader « altempes
o protect (he consymer rom com
merpal esplotanon and (rom the
ssvocrated hazards 1o consymer
health and salciy Mowpves the
many respomsibile and dedicated
scentists wha are deveioping the
madical wses of asamac eavigy and
trysng o improve the gualisy of hie
for wdividual patenis should not be
sccused of exploting the publc |t
s serwusly brased reportng oot 10
name these men and Guole ther
considered statements. while cinong
only the numes and statements of
sorentiste who on general principles
oppose the use of Ouchear de wes in
peopic

At this point, | muat sdontify my
Iraming and eaporience a4 o the
Delds of cancer epdemmiogy and
the reiationstup of cancer to 1he
wnvironmant. Five monihs ago, |
had the eatirely cnanticipated ex
perieoce of having 8 cardiac pace
maker wstalled in my chest This
was & health restoring and sven
lifesavip messure 16 10y case

My chowe of a Pisooium O
pacemaker (lar which my case

Pellety of plotonium 238 power &
poceanaker trom this car tdes

fortunately proved eligible | was
Based on a modest understanding of
the desigm and manufacture of (lus
devicer The gualvty romrvel wasy
sitalar 1o 1hat demanded ol instry
ments fashioned for use of the
NASA space program High safery
wandards botk for ‘abricators and
wsers of the woiis were in ellecr
Just a8 for auciear powered instro
mears @ the NASA progam

shout (hat of 3 wngle dental X ray.
The exposure per year of my hus
Dand, relatives and [nends has

found to be mach loss than Qus. and

{

essentially neglipbie | be ¥
sources of the pacemakers are
protected ag sinst the effects of me-
chancal shuck, fire and eroson.

(Here | have another serious
quarrel with Nader article ws

but s wot actured or i use,
are presented as ¢ the artficial
bBeaurt might be & fact, s

paceinaker devices both
or their bearers and for future

(L) The plutonium powered do
wice &5 long hved This improves s
wsefuiness and the gorslert of the
patiert. Though the operstion for
TEANSETTIIN S Not usuaily Lfe (hreatr
ening, 1 15 often eapleasant and
always costly

when cxposed 1o electramagnetc
forces, as are th: strictly electronse
pacemakers “learby blasting. ow
crowave ovens, and somne devices
used m hosperal atng rooms
influences

0 which it » rerurned whea the
Deat no kooger aeods it cad
It might be recalled that there is
and bad wn all major phymcal
e, and that whet is really
important i how men use thees. For
example the sun, and fire. can be
among the most benefical of forces,

mless man's rel orshy
o carelessly handled If g0,

]
H

|
i
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ATTACHMENT "D . g o

INTERNATIONAL ATOMIC EMERGY AGENCY

AMERICAN HOSPITAL ASSCTIATION
B30 NORATH LAKE SHORE DRIVE

TO CALL WRITER PHONE 377 608

CHICA D AN 60511 TE 1§ PRONE

NI 1%

€ : e

400

AGENCE INTEANATIONALE DE L ENERGIE ATOMIQUE
MEBAVHATOAHOE ATSUTCIED MO aTOMMOR YHEPrUN

EARNTNES RING 1] PO BOX 593 A 10010 VIENNL AUSTR

Se fha2-2

R L
R L LL L L ET T

August 7, 1975 Dear Mr.Cunningham,
Thank you very such for your letter, dated 29 h&‘
the copy of the Draft Generic Environmental Statement on the Wide-Scale
M. J, Oriffin Uge of Plutonium Powered Cardiac Pacemakers.

Hittman Assoclates, Inc,
G190 Red Branch Road
Columbis, Maryland 21045

Dear Ms, Griffin

Here are the figures you reguested for bospital sxpenses per patient
day and per adlusted patient dsy, 1966-19T4. These figures pertain
to "nonfederal, short-term, general and other special hospitala”.
pasically, these hospitals are “community hospitals”, plus & few hos-

I find the report very interesting and most useful and [ do not have
any specific comments to offer. 1 would very much appreciste receiving
& nopy of the final version of this report when it becomes Available,

With kindes! regarde,

pital units of institutions, Sincarely
Rader of Expenses per
hoapitals Expenses per Percent adjusted Percent
Year included patient day increase patient day increase PN, Flakus
. Diviaion of Suclear Safety and
1969 5,853 $ 70.03 15.7% § 6h.26 1.7 fnvironmental Protection
1g70 5,859 81.01 73.713
13.9 13.2
971 5,865 .3 83.43
k.0 13.h
97 5,863 ws. oh.61
9.0 = 7.6
1 1k, 101,
973 5,80 69 1.6 0.2
19T 5,977 128.05 13.21 ::?Jﬁrmwﬂun -
clear Pegulatory Commimsion
Overall B2 76.2% Division of Materials and

"Adjusted patient days” are an sggregate messure of i{npatient care plus
an estimate of the volume of outpstient services in units egquivalent to
an inpatient day in level of effort. A complete definition is svallable

in the copy of Hospital Statistics you have ordered,
'.‘?ﬁl“'
David M. Kozak
Bureau of Research Services
o1

1

Muel Cycle Paeility Licensing
Waghington, D.C. 205%%
USA

95-v
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4506 Georgia Avenue, N M.
Washignton, 0. €. 2001

June 4, 1975

Mr. Bernard Singer, Chief

Directorate of Licensing

Materials Branch

Nuclear Regulatory Commission

United States Atomic Energy Commission
wWashington, 0.C. 20555

Dear Mr. Singer:
I understand that you are interested in comments about the
atomic pacemaker | thimk it 15 an excellent pacemaker as it
lets the patient go for years without the need for more surgery.
Yours sincerely,
P sy P. %" ey
Mrs. Mary P. Jackson

R
o8 Y00
A, G

THE JONNE HOPRINE UNIvERBITY 0 -
APPLIED PHRYSICS LABORA
8610 Gaomaia Avemot
BLVEN SPRNG MARTLAND 20910

RN )

U. §. Atomic Energy Commission
Washington, D. C. 20548
Attention Acting Deputy Director for Fuels aad Materials,
Directorate of Licensing - Regulation
feference "Draft Generic Environmental Statement on the
Wide-Scale Use of Plutonium Powered Cardiac
Facemakers " January 1975, U, 8. Atomic Energy
Commission, Fuels and Materials, Directorate
of Licensing

Gent lemen

This letter is in response to the Atomic Energy
Commission's letter, dated January 10, 1975, which sosicits
compents on the “Draft Generic Environmental S*atement on
the Wide-S ale Use of Plutonium Powered Cardinc Pacemakers.”
Since the Applied Physics Laboratory has had considerable
experience in the development of cardiac pacemakers and in
the development and use of plutontium powered, thermoelectric
generators for satellites, we feel that we are competent to
comment on the above referenced Draft Environmental Stateseant

L5~y

Enclosed for your information is a reprint of a receat
publication which describes in detail the design and many per-
formance features ¢f “he rechirgeable pacemsker that was
developed at this Laboratory. To summarize the sost pertinest
results: As of March 1, 1975 there have besn more than 1200
rechargeable pacers implanted in patients over a pericd of two
years, with only two failures of any kind, neither of which
caused a patient fatality There are no known patient deaths
due either to pacemaker malfunction or due to the patient's
fatling to recharge the pacemaker.

On Page 4.4 of the referenced Draft Eovironmental
Statement the following Is stated:

It bas been reported that some elderly patients 12
cannot be relied on to recharge their pacemakers
and that physiciass cannot, in many cases, burden
such a patient with thte so-pounnlu’ ot re-
charging his pacemaker. !



TSS8N-5008

s 7 March 1975

This Laboratory has obtained both references cited in this
quotation. The first of them (Ref 12) was writteo by a
group of doctors in the Washington, D. C. area who, to the
best of our knowledge, at the time of publication, had never
used or had any experience with the rechargesble pacemaker.
Contrary to thelr findings, none of ithe patients known to us
bas failed to recharge his pacer because of a lack of capa-
bility to do so. Since the publication of Ref. 12, one of
the doctors who was & co-author of that paper has now begun
to use, snd continues to implant the rechargeable pacer in
some of his patients. Ref. 13 from the above referenced
Draft Environmental Statement was found to be an extract from
& Wall Street analys’'s report. Presumably, it was written,
not by a person experienced in medicine, but rather by a
financial analyst. It is doubt*ul that a ficancial analyst
would Lave sufficient expertis. in the area of the psychology
of pace saker patients te be authoritatively quoted on this
subject. Furthermore, a study currently being performed by
& trained professional in the field of patient psychology
has indicated that in 47 patients who are using a rechargeable
pacemaker, the vast majority, 94%, either were unconcersed
about recharging. or actualliy looked forward to the process.
Many elderly patients have reported that the rechargiog pr
gives them a feeling of security that their heart pacers are
operating properly.

In the Opening Address to the IVth International
Symposium on Cardias Pacisg, held in the Netherlands in the
spring of 1973, Dr. Paul Zoll, of the Harvard Medical School,
who is regarded as one of the world's leading authorities in
the Tield of electrical stimulation of the heart, explicitly
stated a preference for rechargeable pacemakers in clinical use
as compared to those that are nuclear powered. In & February
1975 publication,! Dr. Zoll reiterated his perspective on this
matter by stating

Radioisotope-powered cells are being tried
clinically, but at present rechargeable nickel-
cadmium cells appear to offer more clinical
advantages.

Any possible objections to the rechargeable pacer ss
raised in Refs. 12 and 13 will, in the near future, be relieved
by a new rechargeable pacer that is now operating in the labors-
tory. This new design is capsble of being recharged by a

I - -
P. M. Zoll, “Countershock and Pacemaking in Cardiac Arrhytheias,
Hospital Practice, February 1875, pp. 125-132.

I ———

TSSD-5008
7 Marchk 1978
= Biw

medical technivian or nurse ip the doctor's office at six-

month intervals, with & recharge tipe of two to three hours.

It is expected that this device will be available to the

public in less than twoc years sn” should answer any objec-

tions relative to the alleged ioability of the patient to
recharge his own pacemaker .

In addition to the work on rechargeable nickel-cadmium,
battery powered pacemakers which is belng accomplished at this
Laboratory, Dr. O, Frask Tyers of the Hershey Medical Center,
nas developed a rechargeable pacer using a mercury-silver cell
which is able at the presest time to be recharged at six-month
or lopger intervais.? A February 1975 publication® indicates
that two of these pacemakers, with a claimed capability of
being recharged only once every three and a half years, bave
been implanted in patients at the Hershey Medical Center.

A significant coasideration is this saiter is the
additional medical cost that the public will have to besr 17
auclear powered pacers are allowed to be used extensively in
the United States. The average cost of a nuclear pacer system
today is $5200. (Some are s few hundred dollars less, some
n few hundred dollare more ) The cost of the rechargesble
pacemaker system is $2200 The difference in cost, therefore,
is $3000 per implantation. Sipce inflation has increased the
cost of all devices of this sort by approximately 10% a year,
it would not he unressonable to assume that the difference in
cost would increase in years to come by about the inflation
rate. However, even based on a fixed difference for years to
come of $3000 per implant, the additional cost to the Upited
States public ger ten thousand implants would be $30 milliom
per yesar— a most appreciable sum. It has been estimated that
there will be 75,000 pacers implanted in the United States is
18976. If half of these were nuclsar powered, as opposed to the
rechargeable pacer, and ever assuming no inflationary rise in
the cost difference, the additional dollar burder to the public
would be $112,8500 000 each year. In these times when the
medical costs are already excessive ¢his additional expense
does not appear to be warranted.

%0, F. Tyers, R. A. Foreman, Jr., H. C. Hughes, Jr., H. A. Toman,
"Comprehensive Studies to Achieve Long-Term Intersal Cardiac

Pacemaking Without Frequent Reoperation.,” The J 1 of Thoracic
and Cardiovascular Surgery. Vol 66 No. 5, Ev%r 1973,
b 4 - v

3"!- Pacemaker Goes On and Op,” Medical World News, February 10,
1975, pp. 26-27.
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Because there are alsc some potential risks in the
wide distribution of a radioactive and highly toxic material
such as Plutonium 238, and since there are viable alternatives,
it would sppear that the wide scale use of plutonium powered
pacers is pot in the publiic ilaterest.

If you would like any further information on this
subject, please contact Mr. Robert E. Fischell at this
Laboratory on Extension 3081

Very truly yours,
; s (.I.l . f PP
R. B. Kershner
Assistant Director

The following enclosure was submitted with letter No. iJ and is svailable
for examination in the Suclear Regulatory Commisslion Yublic Document Room,
1717 & Street, Washington, 0.C.:

i R, £ Pigchell, ¥. B Lewis, and J. W. Love, -

Lgcogmu Cardisc Pacemaker, The Johms Hopkins
laboratory, Silver Spring, Maryland, Decesmber 31, 1974.

65~V
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CARDIOLOGY ASMOCIATES, po

MARSMALL FRANELIN o 1oMD KNGS MIGHTAY SOUTH
MARTIN | KEAUTHAMEL M D DALEN. CONNBCTIOUT e
A RAZZAK TAL w. D —
BICHARD LANDESMAN, W 5. Tobphone 397 - #3014
JRSUS 3 YAR Jo. M. D

June 12, 197%

>

Suclear REgulatory Commission '

Washington, D. ©. 2054% S
Attent ion Acting Dewty Director

Materisl, "uel Cycle Facility Licensing

Dear Sirs:
It has come to my attentiocn that there is & rusor that negative comments have
been rece 4 by the Nuclear Megulatory Commission in regard the wider scale

usage of wuclear powered pacepakers. | would be interested in knowing if this
is actually true or if vhis qualifies as another “rumor”.

There is no question of plutoniue powered units have a definite risk. As &
physician very much invaelved ln implanting pacesakers, 1 think that sach case
has o be handled on its own mer:it 1 would be chortchanging my patients if
each one d4id pot get this kind of individuslized care Actcordingly, should a
person best be henifited, e my opinion, by an atomic powered unit 1 would
hope that such would be available ar some point tn the future should I wish to
utilize one Tie actual cost of such units may be a greater "deficit® in their
use on an ongoir’, basis than the "risk” of the atomic fuel

could assist in future involvement in relation
please do not hesitate to contact me.

Should there be any way that I
to the nuclear powered units,

fespectfully,

“nante

Martin J

5’ p <SG . ,"}: L

n.;m-n. LB

MK DYI (Signed by secretary to expedite mailing.)
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Nucleas kegulatory Commimion

Washingion, D, C. 20585

Attention: Acting Deputy Director
Materiolc Fuel Cycle Facility
Licersirg

Gentiamen.

After axtersive ond lengthy experence with clinical implantation of cardioc pece-

makers, rhis comment is sent to you ‘o encouroge tinved clinizol i

tigation

of the use of nucleor por d cordioc p akers. Particulorly in our ores, we

find mony patients who are unable of undepencable such that not unly do they fail

CT™ 0 retuen for follow up visits at prescribed intervols, they ore unoble to rehrn for

2 epl until symp return and it Iy highly doubtful thot they would be able
. mber to recharge when y. There is on incresting number of younger
patient in the teen oge or early adult age group which lead very uctive lives and
have need for o small long lasting pacer with which they can carry on Full activity
and travel without physical or mental concern with the porophernalio of rechorging
__.a Inmony potients, of course, an initicl nucleor pocemaker would outlast their life

span and never have to be reploced.

ey
> Your continued support for clinical investigation in nucleor po i
Sincerely,
o (.i_,é.«
Morion R, Lowler, Jr., M. U,
MR Tw

moged .

HERMAN B LEVINE M D
ST DO O™ & Qe
BN ANTONIO. YEXAS TOANS | |

Denuty Director for Puels and Materiale
Directorate of Licensing
United States Atowic Evergy Commission
Washiogton, D.C. 20545

Dear Sir:

Be:"AE.C. fssues Draft Gemeric Bovironmental Statement on Wide-scale use
of Plutonium Powered Cardiac P kers”. as rel d, E.RD.A,, weekly summary,
week ending January 22, 1975,

I, Paragraph 2 gives incorrect information. Contrary to what is etated, we
oow have conventionsl pacesakers with batteries that can bde charged in situ, with-
out perfodic surgical replacement.

1. The time-lag betwees exposure to radioactivity and cancer
could be 20 to 30 or more years. The hazard to young persons who will be receiviag
long term radiosctive exp te pl 1 & has not been researched for
long encugh perfods to comsider thia pecemaker & safn or desirsble substilute for
ional . .

3. The surgical procedure required for implanting pacemakers is & very simple
one and does Dot pose a riak to the health or safety of the patient cr to the
environsent. Any temporary discomfort from repeated transplants (if required)
certajuly sakes up for possible future derrimental radistion effects to the patiest
and the envircoment.

4. My personal foquiry of persows in charge of activities {n sortuaries and
crematories in San Antonio where ! reside, revealed a total lack of knowledge or
concern vegarding the need for special precautions required re: plutonius pacemakers .
The general sttitude was that the radicscrive materisl in plutonium pacemskers was
negligible and of no Teal consequence. However, | d1d senss that there was interest
in any precious metals that could be salvaged from pacemakers. This reveals o
temptation to strip such metals from the pacemaker. In view of the “"thoussads of
pacemakers”that have already been implanted in patients, this apathy towards plutontum
pacemaker hazards demonstrates that educationsl efforts by the A.E.C. have been
inetfectual.

In view of this record, the widespread use of plutonium pacemakers could compound
the problem of segligence.

The news media, with toformation provided by the A.E.C. and the plutontius
pacenmaker producers, is partly responsible for this sttitude, since they repaatedly

19-v
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reassure the public that the plutosius pacemaker is completely safe and innocuous.

5. 1In view of the above, it i in my serious judgsent, essential that preseatly
implasted plutonius pecemakers be researched for damaging health effects for the
sext 30 years, before licensing them for widespread use. Io the seantise, cooventioual
pacemakers may coutiors to give safe, effective help for cardiac patients.

< Medronic

March 10, 1975

U, S. Nuclear Regulatory Commission
(formerly U, S, Atomic Energy Commission
Washington, D. C. 20545

Attention: Acting Deputy Director for Fuels and Materials,

Directorate of Licensing - at
Gent lemen :
In response to the notice published in the Januar 5. 1975
Federal Register (V1. 40, No. 11, p. 2863), Med Ac submits
the .m[ou! comments on the "Draft Generic Enviy mtal Statement
on the Wide-Scale Use of Plutonium Powered Cardiac cemakers"

prepared by the Commission's Directorate of Licens:

Medtronic, a leading manufacturer of cardiac pacemak including
the Medtronic™ Laurens-Alcatel Model 9000 plutonium } :ed pulse
generator, agrees with the Draft Environmental Statem.. s con:lu-
sion that the benefits to be derived from the use of pl confum
powered cardiac pacemakers are substantially greater iian the risks
to the environment and that wide-scaie use should be authorized.

29-¥

Medtronic has been conducting a controlled clinical investigation
of its Model 9000 plutonium powered pulse generator under a 3Special
Nuclear Materials License (SNM 1156), Since July 18, 1972, 311
Model 9000 plutonium powered pulse generators have been implanted
in the United States under this clinical investigation.

Medtronic compliments the staff of the Directorate of Licensing
for the tremendous task of collecting, organizing and evaluating
the information presented in the Draft Envirunmental Statement.
The pacemaker industry and medical community which it serves
deeply appreclate all the efforts that the Statement represents.
Medtronic is hopeful that the results of the efforts of all con-
cerned will be the introduction of a superior product to serve
the needs of mankind.

Sincerely,
MEDTRONIC, INC

Bobby 1. Griff

Nuc lear Programs Manager
LS Pl ) N

.
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Coumencs by Medtronic, Inc.
on Draft Environmental Statement
March 10, 1975

‘1. Susmary and Conclusions

The Draft Ceneric Environmental Statement on the Wide-Scale
Use of Plutonium Fowered Cardiac Pacemakers, issued January, 1975,
("Statement”) represents an attempt to evaluate and set forth in
4 comprehensive manner the benefits and costs to the public and
pacenaker patients of plutonium pacemakers. Medtronic feels that,
overall, the Statement succeeds in making a feir and objective
analvsis. and Medtronic is in basic agreement with its conclusions
and recommendations. The comments that follow are intended to
assist in preparation of as accurate as possible finsl Statement
and not to detract irom the overall excellence of the Statement.

In addition to the General and Specific Comments submitted
below, Medtronic has attached an Appendix A with errata which
came to its attention in reviewing the Statement.

11. GCeneral Comments
A. Conservative Approach:

While Medtronic recognizes the needs in preparing an
Environmental Statement to take a conservative approach, it feels
that the Statement assumes a "worst case” analysis. That the
benefits still outweigh the costs under such an spproach only
demonst~ates the tremendous value that plutonium powered pace-
makers represent o pacemaker patients., Medironic wishes to
point out and emphasize that, {f more moderate assumptions were
made, the benefits from plutonium powered pacemakers in restoring
health and prolonging life in man would further exceed the environ-
mental and societal costs associated with their use.

In addirion, no attempt is made in the Statement Co quan-
tify the possibly most important benefits of reduction in pain
and suffering associated with replacement surgery and reduction
in anxiety associated with anticipation of repetitive surgery.

The monetary comparisons contained in the Statement may be mis-
understood because they do not reflect substantial intangible
beneiits such as these. Medtronic feels that these are signifi-
cant and substantial benefits.

B. Future Developments:

Although the Statement makes an analysis of slterna-
tive vacemakers under development, it should also point out the
poten.ial benefits of plutonium powered pacemakers resulting
from future research and {mprovements. The plutonium power
source offers the pctential for substantisl reduction in the
size and weight of pacemakers, for higher output units wirh long
service lives, and for the sophisticated circuitry that may be
needed in new applications of pacemakers in the fight against
heart disease. These potential benefits cennot be guantified
or predicted but offer another reason, in addition to the benefit-
risk analysis, why Medtronic supports the wide-scale use of plu-
tonium powered pacemakers, subject only to the requ'-=ments of
accountability, recovery and dispasal.

€. Jwnership After Death:

Upon the death of a plutonium powered pacemaker patient,
it is unclear under the various state laws who has title to the
device and who can convey marketable title. The next of kin,
heirs ar law, heirs under a will or the executor or administrator
of the deceased patient's estate may each claim some {nterest or
right in the device. Since there will be economic value to the
recovered device. the manufacturer may be willing to pay the cost
of recovery or otherwise pay value for title to the device. This
would assure proper handling and recovery of explanted nuclear
pulse _enerators, However, unless the regulatory scheme for
accountability, recovery and disposal of the device clarifies
the question cf ownership, the manufacturer will be reluctant to
attemp” to acquire title to the device because of the various
possible claims on the device that cloud the ritle and make it
uncertain, or at least difficule because of the numerous parties
involved, to acquire clear title.

Medtronic recommends that the regulatory scheme anticipate
this potential difficulty in recovery.

£9-v
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111, Specific Comments

A

P. iv, Section 2, lst paragraph, last sentence:

In order to be consistent with terminology recom-
mended by the Association for Advancement of

Medical Instrumentation (see Medical Instrumentatiom,
Vol. 7, No. 1, p. 22, 1973), the words "pulse
generator"” should be inserted in place of "entire
pacemaker', Medtronic recommends that all terms

in the Statemen” be consistent with the standard
definitions adopted by AAMI,

P. vi, paragraph c:

The second sentence listing the specific tests
for credible accidents should also include refer-
ence to the corrosion test to be complete (see
Table I, pages 2-6 and 7).

P, viii, paragraph d:

Public and worker exposure to transporting radio-
pharmaceuticals and radioisotopes may be consldered
by some to be unsafe and therefore not a valid com-
parison. The Statement should point out that the
exposure is well below safe levels and is allowed
under the Transrortation Safety Act of 1974 for
passenger carr .ng aircrafr as long as it meets

the packaging - 1d labeling requirements of that Act.

P. ix, paragraph e:

In order to clarify calculation of total costs to
the public of $295,000, it is suggested that the
following clause be added to the last sentence:

", . .and, at a risk value of $250 per man-rem,
is wvalued at $500 per year.”

P. ix, paragraph g:

This cost could be passed on to the patient by
requiring an initial registration fea. Therefore,
not all these costs need be borne by the pubiic.

P. ix, paragraph h-

This cost could be offset, in some cases, by the
recovery value of the plutonium pulse generator
and therefore is a conservative estimate.

P. x, paragraph &4:

Mention should be made in this summary that no
attempt was made to quantify the very substantial
benefits in reducing pain, suffering and anxiety
because of the less frequent replacement surgery
with plutonium pacemakers, Since the majority of
pacemaker patients are elderly (the median age of

a pacemaker patient is over €£6), even the thought

of minor surgery creates severe anxiety. The summary
of benefits should make reference to these intangible
benefits which were not quantified. Although these
benefits are difficult to quentify, Medtronic alse
feels toat an attempt should be male (see comment 7).

P, xi, paragraph 6:

The Food and Drug Administration should be asked
to comment on the Statement to insure that require-
ments for plutonium pacemakers are consistent with
medical device labeling regulation, Federal Avia-
tion Agency should also be requested to comment on
safety of transporting plutonium pacemakers on
passenger carrying afrcvaft 17 properly labeled
and packaged.

P. 1-1, Section 1.1, first sentence:
Medtronic suggests usirg "essentially normal” in

place of "normal” as & more accurate description of
the expectant state of health of pacemaker patients.

v9-v



P. 1-1, Section 1.1, Znd paragraph, last sentence:

This sentence describes an atrial synchronous pulse
¥enerator. A more common type of demand pacemaker
by far is the ventricular inhibited pulse generator.
Medtronic recoumends that this sentence be redrafted
to describe the more commonly used demand pacemasker
as follows:

"Depending on the electrical circuits used in a
paceraker, the pacemaker may sense the natural beat
of the lower chambers and time its electrical pulses
to concract the lower heart muscles only in the
absence of a natural contraction or the pacing pulses
may be delivered at a fixed rate, not synchronized
with the natural beat.”

P, 2-3, line 7:

-

In order to be consistent with the last sentence of
the first paregraph of Section 2.3.3.1, the word
"suggestions” should be replaced by "requirements".

P. 2-7, second footnote:
Example in parenthesis should read:

. . (8 oCi maximum from an initial 8 Ci plutonium
source that weighs 500 mg). . ."

P. 2-16, line 3:

"Experluental” should be replaced with the word
"investigational™,

P. 2-16, last sentence of first full paragzaph:

The definition should be clarified because a
pacemaker may be giving normal pacing pulses but
they may not be satisfactory tu the patient for
physiological reasons unique to that patient.
Medtronic suggests this read as follows:

"A pacemaker failure is indicated 1f, for any
reason, a pacemaker needs to be replaced due to
unavailability of normal pacing pulses from the
pacemaker "

P, 2-16, last sentence which continues on top of
p. 2-17:

Medtronic feels that the appropriate criteria
for failure rite should be "not significantly
greater than the norm" instead of "significancly
less than the norm."

P. 2-17, line 3:

Footnote to asterisk is omitted, Medtronic exper-
ience indicates that a random component faflure

rate of 0.15% per pulse generator month with a 90%
confidence level is a conservative standard for
conventional pulse generators. It {is recommended
that "0.15% pacemaker failures per month” be re-
stated as "a random component failure rate of 0.15%
per pulse generator month with a 90% confidence
level." (See "Medtronic Product Performance Report",
MC 74551, Medtronic, Inc., September, 1974, p. 6),

P. 3-5, 5th sentence:

59-v

Is it the conclusion of the Statement that no
restriction be placed on implantation of plutonium
powered pacesakers in women in their pre-child
bearing and child bearing years? Or that the puise
generator be located above the left pectoral muscle
in these cases? Medtronic recommends that the
Statement state that these are medical decisions
to be made by the physician and patient and that
the Statement recommend that no restrictions be
made on patient selection or pulse generator place-
ment in wide-scale use,

P. 3-23, Sectrion 3.5, last sentence:
Same comment as C above,



u.

P. 3-29, 8th line: X.
Should be clarified to read:

", ., .that 5% of the fuel capsules of the 0.3
pacemakers, . ."

There would be no release of radiocactive material
unless the fuel capsule itself was breached and
not just the pacemaker.

P. 3-34, footnote 14:

Medtronic suggests that this data be documented Y.
in written form.

P. 3-36, lst paragraph:

Since conventional pacemakers must be removed from
the deceased patient prior to cremation to avoid
possible bursting of the pacemaker or escape of
chemicals, the remcval of pacemakers should be a
familiar and routine procedure for morticians,
coroners and physicians, Medtronic i- aware of
only one incidence ¢f cremation without prior
removal of a pacemaker. In this case the titanium
can housing the pacemaker burst open to allow inter-
nal gases to escape. Some damage to the crematory
resulted, Medtronic's Model 9000 plutonium pacemaker
has been tested to show that the bursting of the
pacemaker during cremation will not breach the fuel
capsule and expose radicactive material. Therefore,
the bursting of the pacemaker actually acts as an
additional safety factor, warning and alerting the
crematory that sosething is amiss.

P. 4-1, lst paragraph, line 8:

The word electrode should be deleted.

P. 4-1, lst paragraph, line 12:

The random failure rate should read:

", . .0.15% per pulse generator moath. . ."

P. 4-2, Section 4.2.1, 3rd sentence:

Medtronic recommends that this sentence be
clarified by adding Lhe following statement .

“Medtronic recommends prophylactic replacement

of its hi~hest volume pulse generator (Model 5944)
depending « the type of lead used, at times,
ranging from 52 to 72 months. Its recently intro-
duced bipolar demand pacemaker (Xytron Model 5950,
January 1, 1975) has similar recommended replace-
ment times."

P. A-6, Section 4.3.1.1, lst paragraph:

The additional references contained in Appeadix B
also substantiate the rate of mortalities from
surgical procedures reported in the lite.ature and
referred (o in the Statement (References,k 4, 15-19).

The Van der Heide article also substaniiates that
the Statement's assumption of 1% surgical mortality
rate for reimplantations is conservative. This
article reports that in the 1961-1973 period,

547 reimplantation operations took place with 11
postoperative deaths; 11 .f 547 or a 2% rate.

The mortality rate observed by Medtronic in its
c¢linical investigation studies may be summarized
as follows:

Model 5842 5942 clinical study, Duke University:
188 implants, 4 deaths within one month; & of 188,
or 2%.

Model 5944/5945 long-term follow-up study:
185 implants, no deaths.

Mode' 9700 clicical investigation: 272 implants,
one death; 1 of 272, or a 0.4% rate,

Total for clinical studies: 645 implants, 5 deaths;
5 of 645, or a 0.78% rate.

99-v
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P, 4-11, Sectiom 4.3.1.3:

Medtronic agrees that the intangible benefits from
reduced pain, suffering and anxiety are difficult

to quantify, However, in order to properly evaluate
and compare the benefits of plutonium pacemakers,

an estimate in quanti{fiable terms should be made.
Juries are charged with quantifying such intangibles
regularly, and an analysis of jury verdicts would
provide a rough yardsti.k. Medtronic feels that
these benefits are substantial and failure to quan-
tify them does not accurately reflect the relative
advantages of plutonium pacemakers over conventional
pacemakers .

P, 4-16, last paragraph:

The Statement assumes an extremely conservative
value for measuring the economic cost of radiati-m,
This assumption makes the total value of risks - .
costs to the public appear greater than what they
actually may be.

P, 4-24, last paragraph:

Medtronic agrees that plutonium powered pacemakers
will become the pacemaker of choice for only a
limited portion of all patients. Since the history
of pacing with implantable devices goes back omnly
fifteen years, the only way to determine the per-
cent of pacemaker patients that will survive beyond
fifteen years is by extrapolation of data presently
available, Medtronic data indicates that between
207 and 40% of pacemaker patients survive 10 years
or more after receiving a pacemaker. Selection of
the most appropriate pacemaker, Medtronic agrees,
would be up to the physician's judgment of the
medical needs of each individual patient. Medtronic
would like to point out that concerns expressed by
some that all pacemakers in the future will be

plutonium powered are not in accordance with Medtronic's

evaluation of rhe market needs for pacemakers.

P-
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Reference
-39, 1. 23
3-40. 1, 2

3-48

. 3-49

4-5

4-6, 1, 12

4-5

4-20

4-27

. 4-27 and 28

Insert the word "be" between "not™”
and "inhaled".

Typographical error. Should read
“pulmonary”,

Reference € gshould read the same as
the second footnote on p, 2-1.

Reference 13, Proper spelling of the
name in the 4th line should be "Marie-
Francoise Le Febvre".

It is suggested that heading on Section
4.2.3.4. read "Other Bacteries".

Postoperative {s spelled without a
hyphen.

In last line, figure should be 373
lives, not 372,

Table 20, last section under "Benefits":
the "20 year" and "10 year" references
should be reversed.

Reference 24. Misprint, leaving "t"
out of "Smyth" in second line,

References 26 and 33 are identical.
Reference 3] may be omitted and the
text corrected to refer to Refer-
ence 26,

i,

L9-v

—

B T —



Reference
iv. 1, 20

xi11 and p. 2-17

xiv and p. 4-4

aks, 1. 22

=3 1. 15

1-5, last line

1-8, 1. 2
2-7

2-164, 1. 8

. 3-20, 1, 18

3-25, 1. 10

3-27, 1. 18

APPENDIX A
Errata

Comuent

“"widescale" should be spelled with
nhyphen, "'wide-scale"

it 1s suggested that heading for
Section 2.5.1 read "Manufacturing

of Nuclear Pacemskers”.

It 1s suggested that heading for
Section 4,2.3. read "Other Pacemakers
Under Development™,

Insert the words "from" before and
"who'" after the word "consultants".

“Nuclear powered” without a hyphen.

Last word of footnote should refer
to Appendix C.

"Plutonium powered"” without a hyphen,

Reference at to? of page should use
Roman numeral, "Table I",

"Follow-up" with hyphen.

Last word of third paragraph should
be "Table 11" - not “Table 10",

Typographical error. Should read
... right hand sice..."

It is suggested that the dash be
renlaced by a comua,

10.

107
APPENDIX B

Mascarenhas, Eugene and Sol Center.
therapy. in: Cardisc pacing.
New York: Crune & Strattom, 1973,

Resuits of permanent pacemaker
Edited by Philip Samet.
pp. 175-200,

Bello, Alexis, et al. Comparative experience with endocardial
and epicardial pacemakers. J Cardiovasc Surg 15:528-531, 1574,

Homan Van Der Hefde, J. N., et al. Results with pacemaker
implantations; is the transthoracic approach and implarcation
of intramural electrodes still justifieu? {n: Symposium on
Cardiac Pacing, 4th, Gronigen, 1973, Proceedings. Cardiac
Pacing. FEdited by Hilbert J. Th, Thalen. Assen, The Nether-
lands: Van Gorcum, 1973. pp. 253-267.

Conklin, E. Foster, Stanley Ciannelli{, Jr., and Thomas F. Nealon,
Jr. Four hundred consecutive patients with permanent trans-
venous ‘'+~emakers. J Thorac Cardiovasc Surg 79:1-7, 1975.
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MEMORIAI SLOAN-KETTERING CANCER CENTER
gg)\'ou AVENUE, NEW YORK, NEW YORK 10021 i$

March 31, 1975

Deputy Director for Fuels and Matertals
Directorate of Licensing - lation
Energy Resources Development

United States Atomic Energy Commission
Washington, DC 20545

RE: Draft generic environmental statement - plutonfum powered cardiac
pacemaker .

Gentlemen: M5 /nog

I urge you to delay licensing of the plutonium powered cardiac pacemakers
since the gemeric environmental statement is inadequate and there has not
been adequate time for the medical community as wel) as others to respond
to this statement. Since this will represent the first general Ticensing
of plutonium and such action may set important precedents, it is important
that the environmental statement and related informatior be fully discussed
by interested individuals.

In the case of a plutonium powered cardiac pacemaker where there are
excellent alternatives, it would appear that the case has not been made for
Ticensing a plutenium powered cardiac pacemaker. The aternatives avoid
the hazards of plutonium both to the patient and the environment.

It shuuld be emphasized that cardiac pacemakers are generally implanted in
patients of 60-70 years of age. With the limited 1ife expectancy of such
patients for whom pacemakers are indicated, it would appear that the present
battery powered pacemakers are more than adequate. The generic environmenta)
statement suggests that the plutonium powered pacemaker would be particularly
indicated in the younger patient. however, it is the younger patient who would
be more subject to somatic and genetic risks of radiation. Since the surgical
mortality is essentially zero and even 1i it were necessary to have a second
implantation in the younger patient, it is obvious that this is more desirable
than implanting a plutonium powered pacemaker.

Additionally, it is obvious that the follow-up on pacemaker patients s most
difficult. With 0.15 - 0.5 grams of plutonium in these pacemakers, the
commynfty should be assured that each and every patfent and his emaker

can be completely followed from the point of view of environmental contamination.
The possibility of contamination, to an accident of the patient, or disposition
of the pacemaker upon death are very real ones. Since plutonium 1s a known
carcinogen in animals and would very 1ikely be so in man, it is most important
that the toxicity of this material be further established.

3 0 Since tm:c cnluim bens
B are significantly overshadowe
A % which have significant benefi.
Ll - . stated in the generic environmental statement, | think 1t most

that there fs a wider discuss‘on and dissemination of information about
*his development.

-2

& plutontum powered pacemaker and these
risks and because 2lternatives are available
ithout such risks or other alleged risks as

Sincerely yours,

Martin Sonenberg, M.D., Ph.D.

Member, Sloan-Kettering Institute for
Cancer Research

Professor of Medicine, Cornell University
Medica)l College
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m UNIVERSITY OF MINNESOTA  scmool of Pubiic Attairs

lmcmu

'

7 March 197%

Atunic Energy Commission
Washington, D.C. 20545

ATTN: Acting Deputy Director for Fuels and Materials

Directorate of Licensing-Regulation

RE: Oraft Generic Environmental Statement
Plutonium Powered Cardiac Pacemaker

Dear Sir:

Enclosed are my comments on the above.

Youps cmg:\ *6_ T{;
. g\
mmﬁav.a«ii.;éil '

Associate Professor
DPG/ lam
Encl.

‘(_(,4,, a

COMMENTS ON THE
DRAFT GENERIC EINVIRONMENTAL STATEMENT
ON THE WIDE-SCALE USE OF
PLUTONIUM POWERED CARDIAC PACEMAKERS

March 7, 1975

Donald P. Geesaman

Schoo) of Public Affairs
University of Minnesota
Minneapolis, Minnesota 55455

0L~V



xS 1109
SUMMARY AND CONCLUSIONS

Ie summary, the Draft Generic frvirvnmental Statement on the Wide
Scal, Use of Plutonium Powered Cardiac Pacemakers is inadequate in its
Justification of that program because:
1) It does not establish an absolute need (or a long-l1ived
pacemaker power source (see Comments #1, #2);

2) even given that such an absolute need does exist, it does
not establish the superiority of nuclear power sources
over chemical power sources (see Comments #3, #4); 2

3) even given that such an absolute need does exist, and
even given that nuclear power sources are relatively
superior, then it does not establish that a nuclear
power source will, in fact, result in reduced mortality,
morbidity, anxiety or expense for the patfent (see
Coments #5, #6, #§7, 98).

By not establishing these critical bases for proceeding with this
program, the residual impression is feft that the draft statement simply
describes a technology in search of a meed. This in itself is not objectionable.
Even in the case where the need is contrived, there is still considerable
precedent for support of technological weifare projects. Unfort-=ately in
this instsnce, the program runs contrary to the more profound tradition of
axacting control of the material flows associated with radiologically toxic
nuclear fuels, such as Pu-238, What ¥s implicd by toe wiue scale usage of
plutonfum powered pacenakers is that some tens of thousands of plutonium power

sources will move in a relatively noisy uncontrolled manner through society,

g

containing & few curies of Pu-238 tndividually, and some 10° curfes in the
aggregate. This is a far cry from the rigidly constrained material flows of
the nuciear fuel cycle, and such a situation becomes a pracedential action
gravid with social implications when one recognizes that there are varfous
other devices utilizing much Targer inventories of Pu-238 which may then be
advanced for similar public dissemination.

To emphasize the significance of a faw curies of Pu-238 (half-1ife
89 years), such as would fuel a nuclear powered pacemaker, 1t is sufficient
to indicate that current standards prescribe 3 saximum permissible Tung burden
(general public) of ~ w0?
at that level. In addition, the only existing governmental guidelines for
s0i] contamination by plutonium have been imposed by the State of Colorado,
the acceptable level being ~ 102

curies and are of very doubtful conservatism even

curies per squary-kilometer. These numbers
give the scale for the disruptive potential associated with the release of
the contents of one nuclear pacemaker power source, and point up the
crematorium plume calculation (3.7 Accident Analysis) for what it is, a

As has been sald elsewhere, the primary
causal agent for technological events in our society is human intelligence.
When people decide to steal a nuclear pacemaker and disperse its contents it
will happen. The disruptive potential 1. substantial and disruption may be
politically appealing.

morbid exercise in irrelevence.

In conclusion, neither absolute, nor relative need have been established
for the nuclear powered pacemaker, nor have relative benefits. The adverse
implications are real and chvious. In tiis context, @ decision to proceed
with the wide scale usage of nuclear powersd pacemakers would be an arbitrery
ard irresponsible exercise of bureaucratic authority.
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COMMENT #1: T le of

The design objective for the lifetime of the pacemaker power source
should be determined by the time scale of need. This time scale wili be
determined both by patfent's needs, and by the component performance of the
pacemaker, the power source excepted. HKowhere is this issue explicitly
addressed in the Draft Gereric Environmental Statement.

One can infer from the cited random failure rate of 2% annually for
conventional pacemakers (p. 4-8) that the pacemsker components, exclusive of
power source, comprise a relatively stable system. Considering only random
fatlure modes, the fraction of functionfng devices after N years would be
(0. o, airer YO Jaass STSghALy mere Thin 05 wanid ke Aenttiowing.

If instead the random failure rate were 5% annually, the fraction of devices
functioning after N years would be given by the expression (.95)", and after
10 yea s slightly more than 50% would be functioning. Also, 1f the random
failure rate were to exhibit some time dependence associated with a rapidly
increasing failure mode after <rveral years, such as, perhaps, electrode
degeneration, then the fraction uf functioning devices could be much less
than that predicted by the sbove expressions. The point {s that a sine qua
non for the demonstration of need of a long lived power source is that the
ancillary components of the pacemaker have a similar functional lifetime.
Therefore, to demonstrate that this requirement is roughly satisfied it is
important to document the accuracy of the 2% random failure rate, and to
argue that the failure rate can not increase substantially at times a

few years ¢ ter implantation. A long lasting power source vould have little
utility 1f pacemaker systems decayed to a small fraction of functioning
devices in less than the power source lifetime, thus necessitating reimplantation,

independent of power source lifetime,

. 1109

Mor.over, it is not clear from the text of the Draft Generic Environmental
Statement, what sort of failures are included in random failure. Would it
include broken leads, or torroded electrodes, for instance? Does it, In fact,
include all ma)function modes, excepting power source failure, that might lmit
the lifetime of the pacemaker?

In addition, what are the time scales imposed by the clinical responses
and needs of the patients. If one considers the very young, will 2 pacemaker
implanted at age two be adaptable to the growth of the child over the next 10
years without some surgical adjustment? The pacemaker is not a part of the
body and has no organic adaptability without surgical intervention. It would
not be surprising, if Tong term tissue response to a foreign system (pacemaker,
electrodes, leads), or changing of the patfent's cardiac pathology with time,
or physical changes in the patient's size with time would impose & natural
time scale of need much less than the patient's expected lifetime. This
point is not addressed in the Draft Generic Environmental Statement. It
should be, if need of a long Vifetime power source is to be established rather
than assumed.

COMMENT #2: MNuclear Pacermezker lrplantation in the Young

Because of the projected long lifetime of the nuclear-powere!
pacemakers, y.ung patients are often identified as the most likely recipients.
On p. 3-22 the radiation rate at the pacemaker surface is cited as "only
5-15 mrem/hr.* This converts to 40-120 rems/yr or 1200-3600 rems over a
30 year period. By any standard this is a very large dose to the contiguous
tissue which will be several square-inches in cross-sectionail extent. When
a protracted dose of this magnitude is delivered to a localized and disturbed

L=y
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tissue region in young patients, a substantial incidence of cancers should
be expected unless the contiguous tissue has no carcinogenic potential.

Implantation of nuclear powered pacemakers in the young also rafses
the issue of genetic damage Figure 4 (p. 3-9) and Figure 5 (p. 3-10) show
the 10 year dose to the ovaries for pectoral muscle and abdominal implantation.
For a mature woman the doses are ~ .3 rem and A 2 rem respectively. A child
during the period 4-14 years would suffer an exposure 2 to 3 x larger. A
pacemaker with 8 curies instead of 2 1/2 curies would increase this dose
agother factur of 3. A source materia) containing .6 ppm of Pu-236 instead
of .26 ppm would increase the dose by ancther factor of 2. Hence as a rough
estimate the possible 10 year genetic doses to a female child would be in
the ranges 1-5 rem for pectora) muscle implantation, 6-30 rems for abdominal
fmplantation. Doses of this magnitude are recognized as producing significant
genetic damage.

The two preceding considerations are likely to limit the widespread
use of nuclear powered pacemakers in the young; in the first case, because
of the significant risk of local cancer induction, in the latter case because
of the socia) implications assoclated with constraints on childbearing.

COMMENT #3: Chemica) Batteries
The follewing statement is made in Appendix C (p. C-12):

“The output of the nuclear battery is in the range
of 230-600 micro-watts..."

Hence the electrical erergy provided by a nuclear battery over & period of
10 years is 20-50 watt-hrs. Oxidation of an ounce of chemical fuel produces
500 watt-hrs, which demonstrates that energies available in chemical reactions

e

do scale like the energy requirements of the pacemaker. This is obvious anA
has been obvious from the first recognition of the need for a pacemaker.

Hence many tens of thousands of chemically powered pacemakers have alroady
been implanted. This should be remembered when evaluating the nuclear powered
pacemaker because the alternative to nuclear is, in fact, the proven techmology,
the chemically powered pacemaker. Moreover, it seems probable from the brief
discussion in 4.2.1 and 4.2.3 that market pressure in this technology has
already upgraded chemical battery (including rechargeable) lifetimes to the
range 5-10 years, which if so, makes very arbitrary, any distinction between
chemically powered and nuclear powered pacemakers on the basis of power source
Mifetime.

Moreover, the following remark s made in 4.2.3.2 Rechargeable Nickel-
Cadmiun Battery (p. 4-4):

"It has been reported that some elderly nunﬁ
cannot be relied on to recharge their pacemakers

and that physicians canmot, in many cases, burden such
2 patient with the responsibility of recharging his
pacemaker. ”

Two points: 1) This is a long-lived pacemaker, and 1ike the nuclear powered
pacemaker would not be particularly suggested for elderly patients, and

2) many elderly patients with cardiac disorders are on far more complicated
pharmaceutical regimens. than the regimen implied by inductive charging of

a pacedaker. The cited remark therefore seems of questionable relevance and
of doubtful general validity.

COMENT #4: Clinical Invectigation of Muclear Powered Pacemakers Reliability

Section 4.5 Results of Clinical Investigations (p. 4-19, 4-23)
evaluates the clinfcal experience with nuclear powered pacemakers during their

eL-v
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remarkably large considering the nature of the surgical procedure, and the
level of sophistication in current surgical practice.

COMMENT 47: Pain, Suffering and Anxfety
The following statement is made in 4.3 BeneZits (p. 4-5):

"The major advantage of long-1ived pacemakers are
medical berefits to the patients. They are: 1) a
reduction in patient deaths due to refmplant surgery,
2) a reduction in surgical and medical complications,
and 3) a reduction in pain, suffering and anxiety.”

Reduction of pain, suffering and anxiety (3 above) are real benefits
for the patfent, It should be recognized, however, that 1), 2) and 3) are
not .ndependent, and, in fact, the most substantive portion of 3) derives
directly from 1) and 2), i.e., anxiety over reimplantation mortality and
morbidity is the most real basts for anxiety and suffering, both to the
patients and to their family. Therefore, the questions raised in Comment S
and Comment & about the validity of the assumed mortality and morbidity rates
for reimplantation, bear directly on the issues of pain, suffering and
anxiety. Should mortality and morbidity rates prove to be much lower than
conjectured in the Draft Generic Environmental Statement, then the issue of
suffering and anxiety will do 1ittle to discriminate between nuclear powered
and chemically powered pacemakers, especially against the significant
residuum of anxiety associated with the patient's given situation of having a
pacemaker.

COMMENT #8: Cumulative Cost of Pacemaker to Patient

Table 18 (p. 4-14) purports to be & comparison of the cumilative

-10- 1103
costs to 2 patient for a nuclear powered and a periodically replaced chemically
powered pacemaker. The tabulation as shown §s misleading because it does mot
demorstrate the sensitivity of this calculation to factors such as replacement
time, discount rates, etc. How would 2 more specific tabulatfon read 1f it

were based on the assumption of a 6 year replacesent time and a 7% discount
rate? This is a minor defect in the discussion, but 1t Is one that should be
corrected, since 1t would be improper to create the illusion that in the long

run the nuclear pacemaker will necessarily or even probably be cheaper for

the patient.

COMMENT #9: Benefit-Risk Calculation

ine economic benefit risk calculus employed in 4.4 Benefit -Risk Balance
(p. 412 to p. 4-19) and tabylated in Table 20 (p. 4-20) is morally of fensive.
The assignment of & value of §15,000 for each year of 1ife is a blasphemy, and
an arbitrary blasphemy at that. [t would suggest a particularly sordid
extension of the calculation in which the benefits wore maximized by preferential
implantation in those of greatest econ mic worth.

The designated equivalence between $250 and & man-rem of exposure
{p. 4-16) is a more convoluted, but similar and equally despicable technique
for placing a price on human life,

There are irreducible classes of human experience into which economics
and systems analysis can not properly intrude. The policy lesson of the 1960s
was that quantification was not a necessary condition for existence. Custom,
history, ethics are the unreckoned sums that will remain uncountable.

The good purposes espoused by this program are desecrated by resorting
to these degenerate numerical machinations.
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He: Draft Genertic Envirommental Impact Statement
Plutonium Powered Cardiac Pacemaker
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On 9 March 1976 | sent you my comments on the above draft
impact statement.

When, after the rush of completing the statement before the
final date for conment was past, we again read the statement, several
minor errors were found

These have now been corrected. | am enclosing the corrected
copy and ask that the first copy sent to you be discarded and replaced
by this one. There have been no substantive changes, just correction
of typographical and transcription errors.

Thank you very much.

A/ e

cc: J. 6. Speth, Natural Resources Defense Council, Inc.
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ABSTRACT

The following comment: are made in response to the issuance of a

dratt onviroomental ispact statement on the AEC's proposed action of 1icensing

for wide-spread use of the plutonium vowered cardiac pacemaker,
These comments demonstrate that:
® There are environmental and social hazards associated

with the radiation exposures which would result from the
use of plutonium powered ca~diac pacemakers

That official guidance requires that any exposure to fonfzing
radiation be regarded as harmful, that any unnecessary
exposure to fonizing radiation should be avoided, and that
exposure to radiation shall result from a real determination
of its need

® That there are no significant benefits that would be derived
from the use of the plutonium powered cardiac pacemaker

¢ That there are alternative pacemakers availabie having
operational 11fe at least as long as the proposed
3~ plutonium powered cardiac pacemaker
J

il

o That these alternatives not only avoid the hazards which
are unavoidably associated with the plutonium powered
pacemaker but alsc have no environmental or other hazards

of thelr own
c—
o ® That there are grievous errors of commission and omission
Co in the draft impact statement

® That the draft impact statement does not satisfy the
criteria specified in the guidelines of the Council on
Environmental Quality

It is demonstrated that the only appropriate conclusion which can
be reached is that the approval for wide-spread use of plutoniue powered
cardiac pacemakers must be denied.

-
TABLE OF CONTENTS
SECTION |

There are hazards associated with the use of plutonium powered
cardiac pacemakers

SECTION 11

Official guldance requires that “exposure to radiation shall
result from 2 real determination of fts necessity”

SECTION 111

The berefit claimed for nuclear pacemakers does not exist
The AEC's "benefit" computation 1s susmarized
The AEC's "benefit” computation is subjected to review

Surgical mortality associated with pacemaker
replacement is virtually zere

The age ¢istribution for nuclear pacemaker recipients
would not be that of the general population of
pacemaker recipients

The 1ife 2xpectancy of pacemaker recipients s not
equal to that of the general public

Alternatives to the plutonium pacemaker have an
anticipated operational 1ife well in excess of

six years and may well exceed that of the plutonium
pacemaker

Plutonium pacemaker 11fe of ten years has not
been demonstrated

The operational 1ife of a pacemaker system is not
necessarily imited by power supply 1ife

It is inappropriate to assign a value of $15,000
per year of unrealized 11fe expectancy

Sumary of “public Serefit” analyiis {r the iraft impact statament
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SECTION IV
There are alternatives to plutonium powered pacemakers
lmproved non-rechargeable chemical batteries
Rechargeable chemical batteries
Surmary
The alternative of “taking no action®
Conclusion

SECTION ¥

Other significant errors of commission and omission in the
draft statement

There is no discussion of the toxicity of plutonium

There is no discussion of the effects of human exposure
to tonizing radiation

Human exposure to fonfzing radiation may be wuch greater
than that stated in the draft

Genetic effects of radiation exposure to pacemaker
patients cannot be fgnored

The discussion of the costs and tmplications of a
plutonfum spill is inadequate

There is insufficient discussion of the “reasonable and
effective regulations” that would be necessary were there
general licensing for the plutonium pacemaker

it is unrealistic to expect that the stringent requirements
for patient registration, monitoring, and followup required
by & plutonium pacemaker program would be met

The assumed costs 7)r inventory control, retrieval, disposal,

and related monitoring costs are meaningless

The possibility of disruption of the pacemaker by gunshot
is not discussed

The draft statement overstates the complications resulting
from pacemaker replacement

It has not been shown that there is monetary benefit to
the patient

The proposed method for plutonium pacemaker patient
identification is 1nadequate

12
13
“
15
16
w

18
18
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SECTION V1

The draft statement does not satisfy the guideiines of the Counci)
on Envirommenta) Qualtty

Cumulative impacts, related Federal actions, and further
actions contesplated are not discussed

The relationships of the proposed action to other
related Federal actions is not discussed

Adequate information to permit an assessment of
potentisl environmenta) impact is not provided

Sourzes of data and availability of deta are not provided
Secondary or indirect consequences are not included

Alternstives to the proposed action are not adequately
discussed

Views from appropriate Federal agencies were not solicited

The existence of the draft was not made known to groups
known to be interested in the proposed action

No effort was made to discover and discuss all sajor
points of view on the environmental effects of the
proposed action

Conclusion

References and footnotes
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SECTION |

ASSOCIATED WITH USE OF PLUTONIUM P

The draft generic environmental statement on the wide-scale use of
plutonium powered cardiac pacemakers (hereafter referred to as “the draft*)
acknowledges that there are environmental and other hazards which would
unavoidably result from the wide-spread use of plutonfum powered cardiac
pacemakers. Among the hazards acknowledged in the draft are:

i T

Radiation exposures to hospital personnel

Radizlion exposure to the pacemaker patfent
Radiaticn exposure to the patient's family
Radiation exposure to the general public
Environmental releases of plutonfum from various
accidents and from cremation of pacemaker-containing
bodies.

Other hazards certain to be associated with the plutonium pacemaker
program were it to be undertaken, but not considered in the draft, include:

Occupational exposure to radiation during preparation
of the plutonium

Occupational exposures to radiztion during fabrication
of the plutonium power source

Ervironmental releases of plutonium during normal

and accident conditions during preperation of the
plutonium

Environmental releases of plutonfum during fabrication
of the plutonium power source

Environmental releases and/or occupational exposures
to radiation associated with collection and processing
of used radioactive pacemakers and disposal of the
used plutonium.

SECTION 11

f 1 THAT " IAT A

REAL DETERMINATION OF ITS MNECESSITY*

Al official standarss and guidances emphasize the desirability and
importance of minimizing human radiation exposure. The Federal Radiation
Counci) has made the following policy statement (ref. 1):

There can be no single permissible or acceptable level

of exposure without regard to the reason for perwitting
the exposure. It should be general practice to reduce
exposure to radiation, and posftive effort should be
carried out to fulfill the sense of these recommendations.
It 1s basic t ure to radiation should result from

8 rea] determination of its necessity. (emphasts added)

The United States Public Health Service has used the following language (ref. 2):

The effects of human radiation exposure are viewed as
harm’y) and any unnecessary exposure to fontring
radiation should be avoided. (emphasis added)

6L~V



SECTION 111

THE BENEFIT CLAIMED FOR NUCLEAR FACEMAKERS DOES NOT EXIST (1.E. 1S FICTIONAL)

The draft asserts 'hat [page x and elsewhere):

The ipal nefit of Al {
lives saved by the decreased surgical mortality
associa with reased need for 1
operations. If the useful 1ife of plutontum
pitteries is 10 years and the random failure rate
of plutonium powered pacemakers s the same as
the random failure rate, exclusive of battery
depletion, of conventionally powered pacemakers,
£.9 (stc) Yives will be saved per year per 10,000
pacemaker patients. (emphasis added)

Altnough called the "principal benefit", the AEC in fact claims no other benerit
{Table 20, p. 4-20) for the plutonium powered pacemaker. This 15 the sole
benefit against which must be weighed the monetary costs of the program, the
monetary costs to the patient and to society, and the hazards mentioned in
previous sections of this comment.

Let us examine this purported “benefit” in some detatil. The
wdvantage claimed for the plutonium powered pacemaker is its assumed Tong
battery life. It is argued that "if the useful 1ife of the plutonium
batteries 1s 10 years” and if certiin other conditions are assumed, then
there will be fewer surgics! procedures for replacement of the pacemaker tha»
with pacemakers having alternative batterfes. The assumptions include:

{a) that the plutonium battery !ife is indeed 10 years or more; {b) that

battery 1ife determines the operational 1ife of the pulse generator;

{c) that other components of the pacemaker system — principally the electrodes —
have at least as long operational lifetimes as the pulse generator;

ard /d) that the 11fe expectancies of pacsmaker prtionts is such tiat Toager
lasting pacemakers have significance.

Each of these assumptions is examined in later sections of this

L

comment. If for the purpose of further discussion in this section we join
the AEC In assuming that pacemaker replacement intervals are determined by
the theoretical Tife of the pacemaker power supply, then what are the
implications? Are the values claimed by the AEC as benefits in the cost
venefit analysis (summarized in Table 20, page 4.20 of the draft) as
“Lives saved by reduction of surgical mortality" and the associated
“Estimated monetary value of the above shown lives saved” valid? By the
AEC's own calculus of decision making, the justification for the entire
plutonium pacemaker program rests solely upon those values.

THE AEC'S “BENEFIT" COMPUTATION IS SUMMARIZED

The method used in the draft impact statement to determine “Benefits
to the public” because of “lives saved by reduction of surgica) mortality®
is summarized below:

(&) An age distribution for pacemaker recipients was
determined (Table 6, page 4-10).

{(b) It was assumed that the average remaining |ifetime
{age specific mortality rate) was the same for
pacemaker patients as for members of the genera!
public of the same age.

fc) It was assumed that the operational Tife of 2 plutonium
powe-ed pacemaker would be at least ten years, and that
plutonium pacemakers would be replaced each ten years.

(d) Using the data produced by steps (a) through (c) above,
the number of replacement operations was computed,
apparently assuming that patients in all age classes
would receive nuclear pacemakers.

(e) For comparison with "conventional pacemakers” a six yer~
service 1ife was assumed. (No comparison was made with
non-conventional aiternatives to the plutonium powered
pacemaker. Some of these alternatives have at lTeast the
service life of the nuclear option (see below Section IV)).

(f) 1t was assumed that there was 2 one percent (1%) mortality
rate associated with pacemaker replacement.

08-v
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(g) It was assumed thet associated with each surgical mortality,
fourteen years of “)ife expectancy” would be lost.

(5) A monetary benefit to the puslic of $15,000 per year of
unrealized 11fe expectancy was assumed.

The result of this series of operations (detatled in Section 4 of
the draft) is zald to be a “saving” of 5.8 (sic) lives per year due to the
assumed four year differential service 11fe between the nuclear pacemsker and
the “conventional pacemaker”. Assuming then a “saved” 11fe expectancy of 14
years per "saved’ life, and a "value of each 1ife saved of $15,000 per year™,
the “estimated monetary valus of the above shown 1ife saved® 1s:

(5.8 "saved Yives per year”) X (14 years “"saved life expectancy
per life "saved") X ($15,000 “public benefit" per year of 1ife
expectancy "saved”) = §1,218,000 per year “benefit to the
public from the use of plutonium powered pacemakers®.

The compytation contained in the draft impact statement, and reproduced
in outline form atuve, is fiction., The evidence is driefly outlined delow.

THE AEC'S “"BENEFIT" COMPUTATION 1S SUBJECTED TO REVIEW

The remainder of this section of the comment is a step by step review
of the AEC's "benefit” analyis. Beginning with a review of the surgical
mortality rate, which appears in fact to be zero percent, each assumption used
in the AEC's analysis is shown to be unsupported and/or unsupportable.

Surgical mortality sssociated with pacemaker replacement is virtually zero
The draf! statement assumes a surgical martality rate of one percent.
The available clirical reports show that this mortality rate fs zero.

Conklin et al (ref. 3) report on 400 consecutive patients with
permanent transvenius pacemakers. Their serfes includes 400 inftial implantations
and 326 replacements. There was one death associated with the inftial implanta-
tion (caused by perforation of the myocardium associated with electrode
placement) and no deaths associated with the replacements. [n additfon,
there was only cne infection (the most serfous surgical complicatior) assoclated
with initial implantation (and that acknowledged by the authors as being

s

associated with “1)1-advised efforts to aspirate @ pouch hematoms with large-
bore needles”) and no Infections associated with the 326 pacemaker replacements.

Sowton, et al (ref. 4) report ten years of experience with implanted
cardiac pacemakers. This series includes 374 patients and 233 pacesaker
replacements. There were no deaths associated with efther inftial placement
or replacement of the pacemakers.

Abrahamson and Trigg (ref. 5) have reviewed the past three years'
(1972-1975) experience st the University of Minnesota Hospitals. During that
period there have been a total of 159 pacemaker replacements with no deaths
associated with the replacements.

It might also be noted that nowhera in the several articles which
could be found reviewine clinical experience with nuclear-fueled cardiac
pacemakert have the authors claimed as benefits a reduction in surgical
mortality associated with pacemaker replacement. A typical statement, from
2 1974 review article (ref. 6) is:

In addition to expense and anxiety, pacemaker replacement
constitutes a small byt finite risk of infection and/or
prolonged hospitalization.

The conclusion must be that in the absence of surgical morts .
sssociated with pacemaker replacement, the bemefits, as defined by the AEC in
the draft impact stetement on the plutonium powered cardiac pacemaker, are
zero. The AEC's entire analysis is ficiiom.

Although the above discussion, by itself, is sufficient to demonstrate
that there is no justification for proceeding with the proposed licersing of
the plutonium powered pacemaker for wide-scale use, other of the assumptions
and data used in the AEC's "benefit” amalysis are also unsupported and/or
unsupportable. A brief review of these other points follows.

The age distridbution for nuclear pacemaker recipierts wouid not be that
of the general population of pacemaker recipients

There is a large literature dealing with long 1ived cardiac pacemakers,
nuciear and non-nuclear. Throughout this literature reference is made to the
short 11fe expectancy of the averuge pacemaker patient at the time of
initial implantation. The I1terature is not uniform, but the average age
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at fsplantation is typically near 70 years with the vrst majority of pacemakers
fmplanted in patients in excess of 60 years of age.

As would be expected, discussions in the medical literature of
the need for long lasting pacemaker systems “ocus on the relatively small
fraction of tota) pacemaker patients who are sufficiently young so that
severa] replacements would be anticipated during their 11fe expectancy. A
representative statement is that of Muffman et al (ref. 6):

For those patients with relatively short longevity
expectations, improved chemical batteries will probably
be used. The primary application of nuclear pacemakers
is likely to be for the younger patients in whom they

«~ most cost effective.

The assumption apparently used in the AEC's Denefit analysis — namely
that the age distribution of nuclear pacemaker patients would be *he same as
that of all pacemaker patients — would appear, at first glance, to be blased
against the nuclear pacemaker. This 1s because were a younger patient population
postulated, more pacemaker replacements would be expected, more surgical
"mortality”, and hence increased “public benefits” as defined in the draft
statement. MHowever, the bias 1s in fact in favor of the nuclear pacemaker when
radiation exposures to the patient are considered. As will be discussed in
greater detail below (Section V) the radiation doses to the plutonium pacemaker
recipient are quite large. Radiation exposure involves somatic risk (fnduction
of malignancies) and genetic risk. There is a several year latent period
associated with the production of cancers due to radiation exposure. This is
of lesser importance in the older patient whose 1ife expectancy is probably
not sufficiently long for cancer production to be manifert. Such fs not the
case for the younger patient. Likswise in theolder patient there is relatively
Tittle chance that the genetic effects of radiation will be manifest. Such
is not the case with the younger patient.

The 1ife expectancy of pacemaker recipients is not equal *o that of the general public
Patients who receive cardiac pacemakers have serious cardiac or cardio-

vascular disease. While the record clearly shows that patients who meet certain

criteria do bettrs if they receive a pacemaker than i they do not (see e.g. ref. 7.

-8

no evidence could be found to support the draft statemen” that (p. 4-9):
The mrrtality rate from natural attrition for each age
subgroup was assumed to be the same as the U.S. mortality
rate for the Subgroup. [emphasis added)

The only evidence offered in the draft 1s (p. 4-9):

This appears to be a valid assumption. Physicians have
reported that meny patients for whom pacemskers were
implanted return to & relatively normal Vife... .

Casual reports of physicians' impressions are notoriously unreliable and can
hardly be taken as sufficient documentation for input in what purports to be

a sertous, statistically significant, benefit-risk amalysis. This is particularly

true when the assertion rums counter t5 common sense expectations. This is

a point that would be so abvious to the physician that one would not expect an
extensive medical literature. There is, however, some documentation in the
1iterature, for example the 1974 review of Svendsen, et al (ref. 13). A
pacemaker is palliative at best, und its implantation does nothing to correct
the serious underlying disease processes that necessitated its use.

The draft statment analysis has been biased in favor of the longer
lasting pacemaker systems.

Alternatives to the plutonium pacemaker have an anticipated operational life
well in excess of six years »)d may exceed that of the plutonium pacemaker
The benefit “analysis” purports to show the differsntial benefits
assoc ated with a plutonium pacemaker having an assumed operational i1fe of
ten years Contrasted with a "conventions] pacemaker” having an operational
Tife of six years. As discussed below, there is m evidence to support the
assumption uf a ten year operational )ife fur the nuclear pacemaker — ten
years is simply the design chjective of the promoters. On the other hand,
six years is the anticipated )ifetime of conventional buttery powered
pacemakers which have undergone years of development and clinical use.

At fssue here 15 a caparison of aiternativ.. to the nuclear powered
pecemaker and these alternmatives include a variety of battery powered pacemskers
and also a wgriety of technical changes involving raduction of the energy per

R ——
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Pulse delivered by the pacemaker As fs discussed in greater detai] be'ow
(Section IV} there are severa) alternative chemica) batteries, some of

which are rechargeable, which promise a 11fe expectancy far fin excess of

six ysars. It is completely unrealistic, and a blatent attempt to subvert

the very purpose of the discussion of alternatives ir an environmenta! impact
Statement, to compare the nuclear pacemaker with readily available conventional
pacemakers. The appropriate comparison, and that required by the Natiome!
Environmental Policy Act, 1s with all alternative pacemaker systems — whether
Or not they are commercially available.

1 1 ker 1ife of ten years has not been demonstrated

Citnica)l and operational experience with plutonium powered cardisc
pacemaker s wev, limited, The draft attempts, through elaborate statistical
machinatic. s, to demonstrate on the basis of very little data, that the
failure rate wil, not exceed 0.15% per month. The assumption was made that
failure rates are not time-dependent — an assurotion that is of doubtful
validity for any pacemaker system. In addition, ther= 15 at least one failure
mode that is unigue to the nuclear pacemaker and which, if operative, would
lead to time-dependent failure rates. More information on neutron fluxes,
pacemaker geometry and electronic design than is provided in the draft would
be necessary to fully evaluate this time-dependent failury mode. However,
rough computation shows that the electronic components of the pacemaker could
be exposed to Io" or 10'2 neutrons over the projected ten year life. In
addition, there 15 2 high gamma :rradiation of components. These neutron and
gamme wxposures may well be sufficient to cause serious deterioration of the
pacemaker circuitry. These deleterious effects are not dependent on dose rate,
are cumulative, and would lead to increasing fatlure rates with time.

Much more operational experience is needed to demonstrate a ten year
11fe for the plutonium pacemaker and much more information than is provided
in the draft is needed to support the assumption that failure rates are not
time-dependent .

1 life of a tem is not sarily limi

supply life
While 1t is true that the reliability of all components of pacesaker

~1o-

systems has shown fmprovement with time (see e.g. ref. 8), 1t 1s by no msans
clear that battery life limits the operational life of the system. The
Titerature 15 replete with discussions of failures of electronic components,
electrode fallures, infections/erosion and other failures assoclated with
patient/pacemaker system interactions, and other system failures (see ¢.9.
refs. 9, 10, and 11). System faflure retes approximating one per cent per
month from other than battery faflures are reported. Several authors have
speculated as to whether or not electrode 11fe will limit pacemaker system
life given the new longer lasting power sources — nuclear or non-nuciear
(see e.g. refs. 3 and 12).

Hence, 1t is not valid to assume that the frequency of replacement
surgery, or surgical intervention equivalent to the procedu-es necessary for
pacemaker replacement, is only determined by pacemaier power supply longevity.
The benefit analysis ‘n the draft s again  hased on unsupoorted and
unsupportable assumptions.

It fs inappropriate to assign a value of $15,000 per year of unreslized
1ife expectancy

Even were it to be agreed, which 1t is not, that the method used to
assign value to 11fe is valid, the value used for public cost of life lost
(or public benefit from lives saved) 1s grossly inappropriate. The draft
statement supports the figure of "315,000 per year of 1' ‘e expectancy® with
the glib and totally fallacious cosment (page 4-15):

based on average annuel earnings of individuals in the

work farce an. used here as » value of 11fe even though
many pacemaker patients are of retirement age or other-
wise not in the work force.

This is ridiculous. The vast majority of pacemaker recipients are past retirement
age and ancther large fractios are sot in the work force for other reasoms.
The average per capita income for in¢ividuals in the U.S. s less than a third
of the value assumed by the AEC and even that figure is substantially ir ercess
of the average net fncome for individuals of age characteristic of pacemaker
patients.

Once again the analysis has been biased to a point that no semblance
of credibility or objectivity has been preservedt,

£8-v
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1ic it 1ysis in the t S

The computatior included in the draft impect statement fs totally
without valuye., Considering the surgical mortality rate alcae shows that
the benefits as defined by the AEC are zero. In addition, virtually every
other parameter used in the analysis 15 either . unsupported and unsupportable
assumption blased to favor the nuclear pacemaker or is 2 misrepresentation of
the data presented in the medical literatuyre. The CEQ guidelines for the
preparation of environmental impact statements (discussed more completely in
Section V1) contatin the following language (Sec. 1500.7):

In particular, agencies should keep in mind that such
[draft] statements are to serve as the means of
assessing the environmental impact of proposed agency
actions, rather than as a justification for decisions
already made.

-i2-

SECTION IV
THERE ARE ALTERNATIVES T0 PLUTONIUM

The CEQ guidelines for preparation of environmenta! impact statements
require that the draft and final statements include a full discussion of
alternatives to the proposed action, whether or not these alternatives are
within the existing authority of the responsible sgency. A high stendard is
specified for consideratior of altermatives (CEQ quidelines, 1500.8 (a){4)):

A rigorous exploration and objective evaluation of the snvironmental

impacts of all reasonazb’e altermative actions, particularly those

that might enhance envirommental quality or avoid some or all of
the adverse environmental effects [of the proposed action] is
essential. (emphasis added).
Section 4.2.1 of the draft statement (pages ¢-2 through 4-5) includes brief
mention of “slternative pacemakers”. There 14 no mention of other alternative
actions. There is no mention of any environmenta! implications or impacts of
any altermat .

The LEG gui ' "nes are also cuite specific in stating the various
alternatives which must be oo« ““~ed. They include:

~The alternative of (awn.., no action or of postponing action perding

further sludy

-Alternatives requiring actions of & sigaificartly different nature

which would provide similar benefits with different environmenta)

impacts
~Alternatives related to different designs o details of the proposed
action which would present different environmental impacts.

These requirements have oeen larcely ignored in the draft statement. .

The advantage <laimed for the propused plutonium powered cardtec
pacemaker derives from 115 presumed longer operational life. Given the
advanced age of the majority of pacemaker patients, longer lasting pacemakers
than those presently available are of interest only for the younger class of
potential pacemaker recipients, This is recognized in the draft statesent:
“The 1ife expectarcy of some patients is such that all pitients 49 ot need
a pacemaker of improved longevity ™ (page 4.24).

There are several possible approaches that could lead to longer

8-V
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lasting pacemaker systems: lmprovements in apparatus and technique that would
lead to fewer adverse pacemaker system/patient interactions necessitating
surgical intervention (see e.g. ref. 8); improvements in electrodes and pacemaker
circuits that would pers 't lower energy per pulse (see e.q. refs. 26 & 27); end
The development of longer lasting batteries, Only the latter approach was
discussed in the draft statement.

There are three alternative methods being “ursued tuward the goal
of longer lasting pacemaker power systems., The first is improvements in
non-rechargearle chemical batteries. The second is the development of
rechargeable chemical batterfes. The third fs the development of radioisotope
powered power systems, one of which is the plutonfum-238 powered pacemaker.

improved nonrechargeable chemical batteries

Improved vercury batteries are discussed in the draft (page 4-2), and their
operational life represented as: “...most of the pacemaker systems implanted
have recommended pulse generstor replacement times near the middle of the
time range, or from 60 to 76 months.” This statement appears to be the basis
for the assumed 1ife of alternatives to the plutonium pacemaker of 6 years.

There is no discussion of the environmental impact of the improved
mer< . ry battery alternative,

As is indicated in the draft statement, several alternative chemica!
batteriec have been, or are being, developed. Foremost among these is the
commercially avsilable Lithium-lodide battery pacemaker (ref. 28). Although
the draft s ‘knowledges that it "is in clinical use in over 3,500
patients™, nas lergoing clinfcal tests “since 1972%, and that this
experie " ‘ed.operational life “out well beyond the six year

object: ve - was not included in the benefit-risk analysis
in the dr e it

e sy cBoene [, sshed review of clinical experience with the
Litns e pacamgxker (rof 79) indicates that a ten year )ife s
asnticyp Its wsg 1 o2 eral thousand patfents is testimony to 1ts
acceptan e weaical community. The authors of ti > 1974 review (ref. 29)
indicete

This circuitry [thar of the CPI pacemaker ] combined with a
Tithium iodide power source, which has shown no failures in
vitro or in vivo, gives close to an fdeal pulse generator.

-..even § years of in vive 11fe is the goal of most physicians
treating patiunts with complete or intermittent [heart] block,
since this is about the average |ife expectancy of the patient.
By these statistics,if a CPI [Lithium-lcdide] pulse generator s
used, the majority of patients requiring a pacemaker might never
require a change of the unit.
These authors al-o have the reservation about unnecessarily exposing their
patients to fonizing radfation which is characteristic of fnformed physicians:
...we 0 a0t know the long-term effects of the irradiation [which

wou!®  galiversd to patients using nuclear-powered pulse generators],

even though small, on bone marrow and lymph tissue, or on the gonads

if imglanted in the abdominal wall. This assessment cannot take

place for 20 years or more 1f we are to judge from the remote
effects of low-dose radiation elsewhere in the body, such as to
the tonsils, thyroid, and thymus. These are potential problems

of the future. More pertinent to the present are the high costs

of these nuclear-powered units.

It should be noted that this last point, i.e. the high cost of the plutonium
powered pacemakers, has not escaped rotice elsewhere. The authors of a 1974
review of plutonium pacemakers take pains to note that (re’. 6):

In our institutions, third-party insurance carriers have

assumed their Tthe plutonium pacemaker's] cost.

There 1s no discussion in the draft statement of the environmental
impact of the Lithium-lodige battery powered pacemaker.

In conclusion, it has been established that conventional mercury
batteries have a recognized operational life of at least six years and that
the commercially avatlable Lithium-lodide battery powered pacemaker have
& Tife “out weil beyond the six year cbjective®.

Recha le ical i

At least wwo rechargeabie chemical battery pacemaker Systems are
being used. One of these systems, the rechargeable Nicke!-Cadmium battery
developed by a Johns Hopkins University group, is briefly discussed in the

S8-v
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oraft statement. A report on clinical experience with these pacemakers s
now available in the medical literature, and 1t supports the anticipated
advantages of this rechargeable system (ref. 30). At least 1,000 of these
pacemakers are now in use (ref. 31). The draft siztement discounts the
rechargeable systems with the comment (page 4-4):

...50me elderly patients cannot be relied on to
recharge their pacemakers and ... physicians
cannot, in many cases, t -den such a patient with
the responsibility of recharging Lis pacemaker,

While 1t cannot be denied that “some elderly patients” probably camnot
themselves recharge their pacemakers, 1t fs doubtful that such patients can
care for their other needs either. This problem is not different from that
imposed by cnronic treatment with insulin, digitalis, or other drugs and
presumably could be nandled in the same manner. Also, as has been repeatedly
noted in the draft statement, in the medical literature, and in these comments,
the major use of any long-lasting pacemaker system will be in the younger
patient group.

The AEC in the draft statement acknowledges that the operational
1ife of the nickel-cadmium rechargeable pacemaker system will be '0 years.
The draft contains no discussion of the environmental impact of rechargeable
chemical battery pacemaker systems.

A new Mercury-S1lver rechargeable pacemaker battery system has
recently been develuped and is now undergoing clinical testing. This system,
which is not mentioned in the draft statement, ’s said to require recharging
“only every 3-1/2 years,) »-. have an "ex #cted 1ife span of more than 20
years”. (ref. 31)

The commerciaily available Nickel-Cadmium rechargeable pacemaker is
reported to have a cost of $2,200, including charge~. This s about twice
that of conventional, non-rechargeable, pacemakers, but less than half that
of the proposed plutonium powered pacemaker,

16~

Summary

Non-rechargeable, chemical battery pacemakers have recommended
pulse generatur replacement times ranging from 60 to 76 months. Commercially
available, rechargeable Nickel-Cadmium pacemakers have an expected life of
at least 10 years and are sold with a warranty of ten years for the pacer
and three years for the charger (ref. 31). A new Mercury-5ilver rechargesble
pacemaker system is now undergoing clinical tests.  This system is safd to
have "an expected l1ife span of more than 20 years” and "may need a recharge
only avery 3-1/2 years”.

The AEC draft impact statement on the plutonium powered pacemaker
includes an inadequate discussion of these alternatives. In addit'on, It
tncludes no discussion of the envirommenrtal impacts associated with these
alternatives — because there are none:

The alternative of “taking no action" or of "postponing action pening
further study”

As noted above, the (EQ guidelines, as well as common sense, ruquires >
that the alternative of not approving the plutonium powered pacemaker be |
considered. That this alternative 15 not discussed 1s not pnly a violation g
of CEQ guidelines, but also stands as mute testimony that this draft fmpact
statement is intended as a justification for a decision already made by the
AEC rather than as part of the assessment process of proposed agency actioms.

It has been established: that longer lasting pacemakers would be
desirable for at least some pacemaker patients; thac the proposed nuclear
powered pacemaker may have & longer battery 1ife than some other commercially
available pacemakers, that the proposed nuclear powered pacemaker carries
with it significant enviromnenta)l impact in the form of exposure to fonizing
racdiation; that altermative long lasting pacemakers are available; and that
these alternatives not only avoid the adverse environmental impact of the
plutonium pacemaker hut 2150 that they have ro adverse environmental impacts
at all.
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The only reasonsble conclusion that can be reached 1s that the AEC
should "take no action”. That is, that there be no approval for wide-spread
use of the plutonfum powered cardiac pacemaker.

SECTION ¥

OTHER IF 1CANT OF COMMISSION AND OMISSION IN TA

The purpose of the environmental impact statement, as stated by the
Council on Environmental Quality Guidelines (CFR 40, Chapter V, Part 1500,
section 1500.2) is:

The purpose of this assessment and consultation process
is to provide agencies and other decisionmakers as well
as members of the public with an understanding of the
potential environmental effects of proposed actions, to
aveid or minimize adverse effects wherever possible, and to
restore or enhance envirommental quality to the fullest
extent practicable. In particular, agencies should use
the environmenta) impact statement process to explore
alternative actions that will avoid or miniwize adverse
fmpacts and to evaiuate both the long- and short-range
implications of proposed actions to man, his physice) and
social surroundings, and to nature.”

The balance of the CEQ guidelines, and the body of case Taw resulting from
various National Environmental Policy Act (NEPA) cases, combine to fmpose upon
the agencies stringent responsibilities for candor, completeness, and rigor
in evaluating the implications of the proposed action and of alternatives to
that proposed action.

This draft statement faiis far short of this noble purpose. In
preceding sections of these comments the inadequacy of the "benefit" analysis
and of the consideration of alternatives was shown. In addition, there are
throughout the draft statement a large number of errors, amissions, blased
discussions, and technical shortcomings. A few of these are discussed below.

(8-Y

Thore it no d*scussior of the toxicity of plutonium
Nowhere in the report is there any discussion of the toxic nature
of plutonium or of plutonium standards. This 1s a serfous omission, particularly
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Without this fnformation, 1t s impossible to evalusta the significance
of the radiation exposures which would result from wide-scale use of the
plutonium powered cardiac pacemaer.

Human exposure to fonizing radiation may be much greater than that stated
in_the draft

The draft statement includes o rather long section dealing with
radiation exposures to the individual pacemaker bearer {p. 3-1 £F). This
entire discussion appears to be based on measurements with a single pacemaker
containing 173.2 mg of plutonium of 90.14% by weight plutonium-238 and 0.26 ppm
plutonium-236,

Although the draft fs ambiguous on this point, 1t appears that the
entire discussion of radiation exposures to the patient, the patient's family,
and the general public is based on this single set of measurements. To base
these determinations on measurements done in a single laboratory, with only
one pacemaker, hardly inspires confidence in the statistical significance of
the results

Further, the reported results can not represent the probable radiation
levels associated with pacemakers other than the one tested even were the
measuraments valid for that pacemaker. The specifications for medical grade
pacemaker plutonium are included in Apgendix C (p. C-2). Th's plutonium may
contain various contaminants, isotopes other than plutonium-238, and alse
may contain up to 0.6 ppm plutonfum-236. As the gamma dose resulting from
2 pacemaker s critically depe dent on the plutonium-236 concentration, it s
possible that a “real” pacemaker could emit (0.6 / 0.26) = 2,31 times the
gamma dose as the sample tested.

The pacemaker tested is reported to contain 173 mg of plutonium.
Other available pacemakers contain up to 500 mg. of plutonium (p. 2-5), Hence,
due to the varfation in plutonium content & "real” pacemaker could emit (500/173)=
2.89 rimes as much *otal vadiation as the sampl~ tasted,

Were, then, a pacemaker to include the maximum permissible concentra-
tion of plutonium-236, and be of the 500 mg variety, the radiation doses that

would result could be (2.31 x 2.89) » 6.68 times those reported in Section
3 of the draft impact statement.

in addition, the neutron emissions arise primarily from spontaneous
fission of the piutonium in the fuel and (alpha, n) reactions with Tight
elements present either as contaminants fn the plutonium or as other components
of the pacemaker system (ref. 17). There is no indication in the draft
impact statement as to the contribution to the total neutron doses from
these two sources.

The discussion of radiation exposures to pacemaker recipients is
inadequate. In the absence of further information, it must be assumed that
radiation doses to the patient and the general pubiic can be severa! times
those represented in Section 3 of the draft impact statement.

Genetic effects of radtation exposure to pacemaker patients cannot be fgnored

The draft statement dismisses genetic effects of radiation by
noting (p. 4-18):

With respect to the radfation exposure tc the pacemaker
patients, the effects, if any, would be predominantly
somatic rather than genetic. Most pacemaker patients are
unlikely to reproduce because the mean age of pacemaker
patients is over 66 years and over 90% of patients are over
50 years of age. Therefore, the patient’'s subjective
value of the radiation risk compared with is subjective
value of the expected benefits, and the physician's
medical judgment value of the risks versus benefits in
his selecting a pacemaker for the patient, are more
appropriate than a hypothetical value which might be
placed on the radiation exposure recefved by a patient
frum his pacemaker.

The draft statement is in substantial agreement with the appropriate literature
regarding the age distribution of pacemaker patients. That, however, is beside
the point. The principal beneficiaries of nuclear pacemakers — or any other
long-1ived pacemaker system — are not likely to be the elderly, who comprise
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the vast majority of pacemaker patients, but the relatively few young pacemaker
patients.

The medical literature leaves no doubt whatsoever that physicians
considering the nuclear pacemaker recognize this explicitly. Typical of the
statements found are:

For those patients with relatively short longevity
expectations, improved chemical batteries will probably
be used. The primary application of nuclear pacemakers

is likely to be for the younger patients in whom they
are most cost effective. (emphasts added) (ref. 6)

...There are certain other problems with the use of
these power sources [nuclear pacemakers]. The
radlation dose at the surface of the Medtronic 9000
generator is stated by the manufacturer to be 3.7
mi1lirem/hr at the beginning of 1ife. The radiation
Tevel increases somewhat with time. This radiation
dose in one year would give the patient's skin a dose
approximately equal to that recelved during one
diagrestic chest x-ray. However, the radiation dose

to the skin is not really relevant, The radicactive
energy absorbed by the bone (rib) and the bone marrow
may be higher. If the generator is implanted in the
abdominal wall, the dose to the gonad must also be
considered. Comparisons with “"allowable” doses of total
body radiation are not valid. It may be argued that 1t
1s the younger patients who need a very long-life

P ker. 1t can also be argued that {t 1s the youngster
who s most sensitive to the deleterious effects of
radiation. It is precisely in the juvanile age group
that ore vil] hive the 'onjest poscible %ire to develop
potentially lethal alterations such as leukemia or genetic
defects which may follow into later generztions. Other

-24-

problems that exist include the cost, which is not
inconsiderabie; “he necessity for licensure to handle
the generators; the difficulty of storage and trans-
portation and the generally politically sensitive
nature of radioactive substances. Although nuclesr
sower gives graat promise of being reliable, long-11fe
pacemaker power source, their development may be
associated with the development of new — and perhaps
less desirable — problems. (emphasis adcad) (ref. 18)

The impact statement (tables 9 and 10, pp. 3-18 and 3-19) indicates
ovary or uterys doses of about 0.25 rem for the tested pacenaker were it
implanted above the left péctoral muscle and between 1.4 and 2.6 rem were it
implanted in the left abdomina) wall. As was demonstrated above, these doses
appear to be based on 3 single series of measurements, in a single laberatory,
and with & single pacemaker and hence must be regarded with suspicion. In
addition, because the tested pacemaker 1S not necessarily a typica) pacemaker
(either in the total amount of plutonium present or the plutonium-236 contam-
ination) the measured doses - even were the measurements accurate and
representative of that type of pacemaker — could well be between six and
seven times greater. Mere this the case, then the ten-year dose to the
ovaries and uterus might be as high as ten or fifteen rem. The doses to
the testes are lower, but genetically significant.

Lederberg (ref. 19) has summarized the genotic fmplications of
expusure to fon'2ing radiation as follows:

The Atomic Energy Commission's standards of permissible
exposure Cthe 170 miitlirem per year exposure |im!¢ to
the general public]...would ‘ncrease the natural rate of
mutation by about 10 percent.

The gonad doses which would result from the plutonium pacemaker, were
they to be received over the reproductive period, are significant, Pacemaker
patients woula be well advised not to become parents and the regulations
regarding plutonium pacemakers should probably require that all male patients,
and all pre-menopausal female patients, be sterilized upon receipt of a
plutonium powered cardiac pacemaker.
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[t s difficult .o assess the significance of the exposure to
fonizing radiation b- viduals other than the pacemaker bearer on the
basis of the inform _..; provided in the draft statement. The entire
discussion of radiation exposures to other than the pacemakes bearer
appears to derive from a single unpublished, draft report [cited as ref. 4
on page 3-20). The draft statement itself includes no discussion >f the
methodology, assumptions, assumed source terms, mor any other of the
Information that is necessary to evaluate the data presented under the

heading “Radiation doses to critical groups from cardiac pacemskers” (Table
1, s 21

Further, it is not the average expusure to “critical groups® that
must be assessed, but rather the exposure to Individuals . Faflure to include
this information renders it impossible to assess the significance of these
exposures . It is not improbable, however, that genetic doses to specific
fndividuals, for example children living fn the household of a pacemaker
bearer, are important. In addition, it s quite possible that pacemaker
bearers might be excluded from particular activities which could lead to
exposure of critical population groups, for example employment 25 elementary
or secondary school teachers,

The discussion of the costs and implications of a plutonfum spill is inadequate

The draft impact statement includes (pages 3-44, 3-45) a brief
discussion of the costs to clean up plutonium epille. The only refersace for
the value used for these clean-up costs 15 a "Conference at the University
of Chicago”™ (p. 3-49, ref. 18), a reference that is rather difficult to
check or evaluate,

A value for “probability of breach [of the pacemaker capsule] per
year” 1s assumed, multiplied by the number of pacemakers considered and by
$250,000. The value of $250,000 is taken as the "cost to clean up an
industrial spil1” of radium, not plutonium.

There have been instances of environmental contamination with

plutonium, and these instances are well enough studied to permit discussfon
of the costs associated with a real environmental spill rather than some

-26-

hypothetical industrial spil] which, in the first place, involves radiem and
not y  onium and, in the second, is totally unrepresentative of the
sttusty . for 3 spfl] into the unrestricted environment.

To adequately describe environmental spills, these actual experiences
must be svaluates. Some of the examples that should provide more realistic
values would be:

* Costs %0 clean up the fraction of a millicurie said
to have been involved in the contamination of the
apartment of Ms. Karen S1lkwood in Oklahoma in 1974
(ref. 21)

* Costs to clean up the few curies of plutonium raleased
to the environment from the Rocky Flats plutonium
plant in Colorado fn 1971 (ref. 22)

Costs to clean up the (probably) approximately 1000
curies of plutonium released in military accidents
in Palamares, Spain in 1966 and Thule, Greenland ir
1968, (Refs, 23 and 24)

An evaluation of the costs to clean up these real plutonium spills should
establish a much more realistic cost estimate for the clean-up costs were a
plutonium-powered pacemaker to breach and :lso would give some indicatior of
the relationship between the quantity of plutonium spilled and the clean-up
costs.

There is insufficient discussion of the “reasonabl and effective regulations*
thit would be necessary were there general licensing for the plutonium pacemsker
The draft impact statement contains (pages 2-17 ff) a general
discussion of "regulation of wide-scale use”. It contains statements such as,
"A regulatory framework will be needed for reasonable and effective regulatory

con*trol if such wide-scale use 's authorized” and ", .ar enutvalent (%o *he
Investigationa! program] level of control and recovery by means appropriate to
wide-scale use of plutonium powered pacemakers would be developed.® (emphasis
added )

16-v
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It is apparent that the genera) use of plutonium pacemakers would
impose stringent requirements for licensing, record keeping, monitoring, on
patients, hospitals, physiclians, morticians, operators of crematorts,
mecical examiners, individuals and organizations (e.g., police, firemen,
ambulance crews) commonly assiciated with dealing with accidents and
emergencies, and other individuals and institutions.

In this regard the draft statement is totally inadequate in at
Jeast two respects: (1) its failure to include concise descriptions of
these regulatory and other constraints sufficiently detafled so that the
affected persons and institutions can meaningfully evaluate their impact;
and (2) the fatlure of the AEC to actively inform these groups and individuals
of the proposed action, to circulate the draft impact statement to them, and
to solicit comments.

It is ynrealistic to expect that the stringent requirements for patient

registration, monitoring, and followup required by a plutonium pacemaker
ram 1d t

The draft contains several sweeping statements about the extraordinary
requirements for patient follow-up, recovery of devices, and record keeping
that are inconsistent with clinical pacemaker experience to date. The
experimenta) use of nuclear pacemakers has been carried out under constraints
quite atypical of the usual pacemaker situation. Yet, “experience to date®
(pages 2-4, 2-15) is presented as proof that the stringent controls necessarils
associated with the general use of plutonium pacemakers will be met.

The situation which appears to be more typical of general pacemaker
conditions is described, for example, by Goldman, et al in a 1974 review
of pacemaker replacements (ref. 9):

At present an estimated 100,000 people in the United
States and Canada are living with implanted pacemakers.
Almos® 190 aew pitiants per mi'lion populetinn will
receive pacemakers in the coming year, and an equal
number will undergo replacement of exhausted units.

As cardiac pacing assumes increasing fmportance in

-28-

health care delivery, the logistical problems of patient
volume, data management, and pulse generator replacement
accunylate. [n addition, there 1s a marked contrast
between the casual attitude of the medical communtty

in ral _to cardia cing and the | i
exhibited by patients, hospital administrators, health
insurance programs, the press and the electronics

industry. To ¢ e lems, foll on
patients with pacemekers is often inadequate, sporadic,

or_at best unrealistic. (emphasis added)

With that situstion existing for conventional pacemaker systems, what .: the
potential for realization of the incredibly more demanding “follow-up on
patients” with plutonium pacemakers?

The_assumed costs fur inventory control, retrieval, disposal, and related
monitoring costs are meaningless

As discussed inmediately above, section 2 of the draft statement
purports to discuss the regulatory framework and constraints that would be
required were there general licensing of plutonium pacemakers. This dis-
cussion is vague and general but includes the establishment of various
registries, identification programs, systems of perfodic contact and
monitoring, collection of used pacemakers, licensing of hospitals, and other
regulatory programs. None of these programs are described in any but the
most general manner.

Yet in section 3 of the draft statement we suddeniy discover that
the totality of these costs will amount to approximately $23.10 per pacemaker
year. It is obvious that either: (1) these programs have beer. fully described,
evaluated, and realistic budgets prepared which form the basis for the
above mentioned cost estimates, or (2) the cost estimate is fictfon. |
suggest that alternative (Z) 15 the more lfkely.

In addition, there is no discussion of licensing faes that might
be required of hospitals, physicians, and other individuals or institutions
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that would come into contact with plutonium pacemakers, no discussion of
monitoring, no discussion of the regulatory obligations of the state and
tocal health and safety authorities, or related matters.

These are grave omissfons. Without these discussions 1t would be
fmpossible for the various affected individuals amd institutions to meaningfully
evaluate the plutonium pacemaker program and make informed comments on the
draft statement (even were they to be informed of fts existence.)

The possibility of disruption of the pacemaker by gunshot is not discussed

The "interim safety performance tests for plutonium powered cardiac
pacemakers” are presented on page 2-6 of the draft statement. The ability
of the plutonium capsule to withstand the impact of the bullet from handguns
or rifles, or other such missiles 1s not mentioned.

It is known that several persons per year in the U.S. are fnvolved
fn guashot incidents ind it must be presumed that at least some of these
might be bearers of pa_emakers. In this regard it should be noted that

among the first reports of clinical experience with nuclear pacemakers (ref. 25):

One [of six patiants In the control group] was shot to
death as an innocent bystander in a service station
holdup.

Failure to describe the effect of missiles such as bullets would
have were they to fmpact the pacemaker and failure to discuss the resyltant
potential for environmental plutonium contamination must be regarded as a
serious deficiency.

The draft statement overstates the complications resulting from pacemaker
replacsment

At several points in the draft statement comments are made regarding
*he alleged hish incidence of non-fatal complicaticns ascociated wi*h nacemsker
use and an attempt is made to imply that these complications would be eliminated
were long-lived pacemaker power supplies available. The draft statement
develops the argument as follows:

-30-

Non-fatal medical/surgical complicatfons occur following
the impiantation cr refmplantation of & pacemeker with
rates as high as 41% being reported in the 1iterature.
(page 4-11)

The use of plutonfum powered pacemakers would reduce the
complications associated with replacement surgery. (page 4-11)

and

Patn, suffering and anxiety are subjective and quantifi-
cation of the value to the patient of reducing their
occurrence is not attempted in this assessment but, to
the patient, these benefits may be more significant that
(sic) the reduction of surgical mortality and the
reduction of complications. (page 4-11)

If it fs assumed that complications occur in 33% of
reimplantations and that the average medical cost of
treating a complication is $500, the saving for each
reimplantation avoided by the use of a longer service

life pacemaker would be $133. (emphasis added)(page 4-15/16)

While it is true that there is a high incidence of complications
observed in patients who are pacemaker users, the )literature does not substantiate
the implication given above that a significant fraction of those complications
is associated with pacemaker replacement. Rather, the complications are
associated with the presence of a pacemaker system or the underlying disease.

The medical literature overwhelmingly supports the conclusion stated
by Conklin et al (ref. 3) in a 1975 review of pacemaker implantation and
reimplantation experience:

. tne few compiications [of pacemaxer Implantation and
reimplantation] are easily corrected and appear to be
largely avoidable with careful technique.
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1 $ that there is monetary benefit to the patient it might prove to be the case that the tatoo is also inadequate
Section 4.3.2 ( 4-12 #¢) pur s 0 show that *Th o identification, but it would be more 1ikely adequate than to “carry a card”
or to “wear a bracelet”.
monetary savings to be gained for patients who use a plutonium powered
pacemaker for a perfod longer than the 1ifetime of two conventiona)
pacemakers. "

The analysis in Section 4.3.2 is faulty. In the first place, the
draft statement acknowledges that the operational lifetime of conventional
pacmakers is at least six years, compared to the postulated ten year 1ife-
time for the plutonfum pacemaker. Hence "the lifetime of two conventional
pacemakers"” exceeds that of the plutonium pacemaker and even were the analysis
otherwise correct, which it is not, there would be no benefit to the patient.

Second, the cost data used in the analysis is unsupported. The
only justification for the costs assumed in the draft 1s (page 4-12):

Information on pacemaker and fmplantation costs
were obtained from physicians' responses to
inquiries.

This is hardly an adequate data gathering procedure.

Third, the analysis which purports to show, "Cumulative cost of
pacemaker to patient” (Table 18, page 2-14) assumes a zero discount rate, the
result being that future costs and benefits are directly equated with present
costs and benefits, This form of analysis is totally without precedent.

The proposed method for plutonium pacemaker patient identification is inadequate
1 share the opinion expressed by one cf the other reviewers of this

impact statement (comment of Prof. Karl 7. Morgan, dated February 26, 1975)

that 1t is insuffi ‘ent for the plutonium pacemsker bearer to "carry at all

times an identification card" !page 2-11) and "to wear at all times a ...

bracelet or other approved form of jewelry” (page 2-11). Prof. Morgan

suggests that the bearer “should have tatooed on his body near the groin

something like 'radicactive pacemaker — phone 202-408-6616'". The phone number

being some uifice in the Nuclear Regulatory Commission that would be staffed

24 hours per day to provide instructions.
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SECTION ¥I

THE ORAFT STATEMENT DOES WOT SATISFY THE GUIDELINES OF THE COUNCIL ON
ENV IRONMENTAL QUALITY AND WENCE 1S INADEQUATE

The preparation of environmental impact statements and the procedural
requirements on an agency preparing an environmental fmpact statement is
governed by the guidelines established by the Couacil on Environmental
Quality. These guidelines appear in the Code of Federal Regulations fn
Title 40, Chapter ¥, Part 1500. In addition there fs a large body of
applicable case law.

A very disturbing feature of this situation is that the draft
statement has been prepared after the expenditure of several million dollars
on the plutonium pacemaker by the AEC and after the agency has granted Interim
Ticensing for clinical testing. These activities, engaged fn before the
preparation of an impact statement, reveal contemge for the spirit of the
National Envirommental Policy Act and specifically violate the CEQ guidelines
(Sec. 1500.7):

In particular, agencies should keep in mind that
such statements are to serve as the means of assessing
the environmental impact of proposed agency actions,
rather than as a justification for decisions already
made. This means that draft statements on administra-
tive actions should be prepared and circulated for

comment prior to the first significant point of decision
in the agency review process. (emphasis added)

The purpose of the environmental impact statement process, as stated
by the CEQ guidelines (Sec. 1500.2) is:

. to provide agencies and other decisionmakers as well as
members of the public with an understanding of the
potential envirumntal eriects of propused actions,
to avoid or minimiz. ~“verse effects wherever possible,
and to restore or enhance environmental quality to the
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fullest extent practicable. In particular, agencies
should use the environmental impact statement process
to explore alternative actions that will avoid or
minimize adverse impacts and to evaluate both the
Tong- and short-range implications of proposed actions
to man, hls physical and social surroundings, and to
nature. Agencies should consider the resulits of their
environmental assessments along with their sssessments
of the net economic, technical and other benefits of
proposed actions ...

As has been discussed in considerable detai! above, this draft
statement does not ¢“equately identify environmental impacts, expiore alterna-
tives, or assess the economic, socfal, or health implications of the proposed
action,

In several particular respects, this statement does not meet the
other requirements as specified in the CEQ guidelines. Some examples follow.

Section 1500.6 (a) wct statement discuss, ... the
overall, cumulative impact of the action proposed, related Federa) actions
and projects in the ares, and further actions contemplated.*

Nowhere does the impact statement fnclude mention of the oversll
tmpact of the action proposed. Insufar as the plutonium pacemaker s
concerned, the statement does not include environmental, orcupations] health
and safety, or accident considerations during the preparation of the plutonium,
the ‘abrication of the plutonium source, or the disposal of the plutonium.
A1l of these are passed over w.th the note that:

The production of plutonfum and controlled disposal

of any associated radicactive wastes are conducted

as part of other licensed or AEC-contract operationms ...
this statement does not consider their environmental
fmoact (draft p. 1-8)

The failure to include a complete and candid assessment of these phases of the
production cycle is & serious deficiency.

S6-Y
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Nowhere does the fmpact statement include mention of “related
Federal actions and projects in the area” yet there are other programs
invoiving the use of plutonium-238. One closely related {s the proposed
plutonium-powered artificia) heart. Several others have been described in
the 1iterature. To not discuss these related actions and projects is a
serious deficiency of the draft statement. The Impact statement also falls
to discuss the precedential significance of licensing the general use of
plutonium-238. The proposed action, general licensing of plutonium-238 use
for cardiac pacemakers, would be the first general approval for widespread
utilization of plutonium-238. By not considering the precedential implications,
the impact statement is deficient.

Related to the above comment, the draft statement does not discuss
“further actions contemplated”. As was mentioned, there are several other
proposed uses of plutonium-238 which would require licensing 2f one sort or
another. These other “contempliated” action® must be fully and completely
disclosed and discussed. In this context, ihe existence of a resea :h and
development program involving these other uses of plutonium-238 must be taken
as de facto evidence of “further actions contemplated”.

Section 1500.6 (a) requires that “... agencies should bear in mind that the
effect of many Federal decisions about a project or complex of projects can
be individuaily limited but cumulatively considerable.... In all such cases,
an environmental statement should be prepared if it is reasonable to
anticipate a cumulatively significant impact on the enyironment from Federal
action,

Hence, in this case it is not only necessary (as noted above) to
describe and discuss individual cumulative total impact of the total fuel
cycle as involves the artificial pacemsker, other related Federal actions
and projects in the area, and further actions contemplated, but it is also
mandated by the CEQ guidelines tnat the cumulative impact of this complex
of artivities be considered. The present d-af® statement dos 70t even 1.t
the related activities, say nothing of attempting to assess thefr cumulative
fmpact.

3=
ion 1500. ires "A ription of
statement of its purposes and riptt il ironment affected,

including information, summary technical data, and maps and ¢lagrais where
relevant, adequate to permit an assessment of potentia) environmental impact
by commenting agencies and the public.®

The draft statement, by not including a discussion of plutonium-238
toxicity, chemical and physical properties, the appropriate standerds, and
the current controversy surrounding the adequacy of those standards, does
not satisfy this requirement.

The statement does not include a sufficiently detailed description
of the regulatory actions, licensing requirements, and other procedural
matters which are acknowledged to be necessitated were the proposed action
undertaken.

The draft “tatement does not include any discussion of the deleterious
effects of exposure to jonizing radfation. Yet, one of the environmental
impacts consfdered in the draft statement is the exposure to fonizing radiation
to the patient, his family, those he comes into contact with and the general
public. Without a discussion of the applicable radiation standards, the
guidance furnished by the responsible »_thorities regarding the need to
minimize radiation exposure, and _he effects resulting from the exposure to
fonizing radiation, it ts impossible to assess the significance of those
acknowledged radiation exposures. The failure to include this “information ...
adequate to permit an assessment of the potential environmental impact by
commenting agencies and the public” must be regarded as a serious defictency
of the draft statement.

96-Y

Section .8 {a){1) also notes, "...it is essential
used to identify, quantify or evaluate any and all environmental consequences
be expressly noted.” Further, Section 1500.8 (b) requires, "In the case of

documents not 11kely to be easily accessible (such as internal studies or

reports), the agency sheuld indicate now such inforuation may Le vbtainad.”
There are numercus instancas where reference is made to personal

communication, and other source material that has not only been inadequately
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issues are analogous. Hence, the failure 1o solicit comments from agencies
such as those listed above must be regarded as a serfous deficiency.

Section 1500.9 (d) requires that, “Agencies should devise methods for publicizing
the existence of draft statements, for example, by publication of notices fin
local newspapers or by maintaining a 1ist of groups . . known to be interested
in the agency's activities and directly notifying such groups of the existence
of raft sta t or sending them a ¢ as soon as it has been L®
The AEC knew, or should have known, of a large number of environmental,
pubiic interest, medical, and cther groups having interest in this proposed
action. Yet, insofar as can be determined, no effor: was made to inform those
groups of the existence of the draft statement or to publicize the existence
of the draft statement. In ,articular, the medical community appears to have
been totally, and one must assume deliterately, exciuded from any notice of
this statement.

Section 1500.10 (a] requires that, “"Agencies should make every effort to discover
and discuss all major points of view on the environmental effects of the proposed
action and fts alternatives in the draft statement itself.”
Although it is well known that there are sharply conflicting points
of view on the environmental effects of the proposed plutonium pacemaker
program, there is utterly nc recognition of this in the draft statement.
These conflicting points of view have been voiced not only in the discussions
of other nuciear programs, but alsc are evident from even a superficial search
of the medical literature.

Again, the AEC has not even attempted to satisfy this CEQ requirement
for adequacy of a draft impact statement,

Concluston

The draft statement on the plutonium powered cardiac pacemaker does
not, in severa] fundamentd respects, comply with the CEQ guidelines. Should
the NRC (successor to the AEC) elect to persist in the promotion of this

-40-

program — with full recognition that, quite apart from the legal defictencles
of the draft environmental statement, it has been conclusively demonstrated
that there s substantial risk associated with the program and no benefits —
a totally new draft environmenta! impact statement must be issued. In the
preparation of the new draft statement, one would hope that the CEQ guidelines
would be consulted.
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| Twan CImiEs | 130% Mayo Memorial
l Minneanolis, Minresota 5545
|

March 31, 1975

Actiug Deputy Director for Fuels and Materisls
Directorate of Licensing-Kegulation

U.5. Atomic Energy Commission

Washington, DC 20545

Dear Sir:

With the strongest possible means, [ should {ike to protest the
proposal to license for general use plutonium powered cardiac pacemakers.

Although the AEC chould De avare of the Inhevent dangers of the use
of plutonius which is probably the most toxic material known to san which
sight be considered for commercial utilization, somehow this factor seems
te have been lost when {r comes to the consideration of plutonium powered
pacemakers. Admittedly, this {5 a techanical feat desoustrating that a small
quantity of plutonium can be harnessed to power a pacemaker.

On the other hand, the very slight potential advantage in having a plutonium
povered cardiac pacemaker is movre than offset by not only the actual but the
theoretical dangers in the indiscriminate use of plutonium.

The preseat battery powered pacemakers are serving adequately and can be
replaced without a high degree of diffic ity. The risk that plutenius sight
escape or slight and the consequences of suck plutonium relesase are (00 avesone
to comprehend at the present time.

I would, therefore, strongly urge that no licensing of plutonium povered
pacemakers be permitted at anytime now or in the foreseeable future.

Yours sincerely,

. Y )
55 e N

W. Albert Sullivan, Jr., M.D.
Associacte Dean

and

Associate Professor of Surgery

NAS (ope

Charman Si Brian Wingeye:  Directon Or A § Mcleon  Secretary L O G Bichings

Richard E. Cunningham
Assistant Director fer

Fuel Cycle

Division of Materials and
Fuel Cycle Facility Licensing
United States Nuclear
Regulatory Commission
Washington DC 20555

USA

Dear

A,[{ ,i,nnx;7l(,4~.’

Ouxfordshire OX11 ORQ

Telephone Rowstock (023 583) 600

10 April 1975

0GL-v

Thank you for sending me the draft
environmental statement on nuclear cardiac
pacemakers. I hope you find the enclosed
commentary useful.

Yours\ sincerely

F N\
/ SRl o«.gfa
L.D.%. Richings

Secretary

\



Drate Generic Environmental Statement on the
Wide-Scale use o utonium Powered ac
Pac

——_—

USAEC Fuels and Materials, Directorate of Licensing
January 1975

Comments by NRPB Scaff

We feel that the Statement devotes too little attention to the major
question of performance comparison between nuclear and ional p kery
and too much attention to the lesser problem of essessing the relative costs
and benefits of nuclear pacemakers, particularly the directly dose-related
COStSs.

As the Statement is presented the major bene. it of nuclear pacemskers
lies in their longer operating lifetime so that if a conventional battery with
a similar lifetime and no off-setting detriments is developed there will be
8o benefit from the nuclear pacemaker to offset against the radiation-related
costs. In view of this the dismissal of Lithiue-lodide Batteries, Sodium-
Bromine Cells and Rechargeable Nickel~Cadmium Batteries in 21 lises on pages
&4 to 45 seems arbitrary. The dismissal seems even more arbit .y when it
is admitted that a'l three types have potential lifetimes of th  'der of
10 years.

It will certainly be pointed sut in this respect by critics of the
nuc lear pacemaker that the nuclear batteries have yet to demonstrate a routine
service lifetime of 10 years. It is hardly fair ctherefore to dismiss Lithiue
Todide batteries out ~f hand when the clinical tests on these indicate an
extrapolated life "well beyond the six year objective' (para. 4.2.3.1).

In particular the statement iun 4.3 'The plutonium powered cardiac
oacemaker has 4 THEORETICAL (our capitals) battery lifetime of at least 10-20
years, sn incresse of several fold over units deriving their power chemically'
is open to serious criticism. This statement forms the basis of the 'cost-
benefit comparison’ carried out later

The conclusions stated in para 2 on page 4-24 do not seem to be
supported by the detailed and more carefully qualified statements earlier
in the text.

Conclusion 3) 'they (plutonium powered pacemakers) have a reliability
(random failure rate) equal to or better than conventional pacemakers' seems
to be based on th: one failure in 2700 device months for Nedtronic Model 9000
pacemakers. Whar this in fact demonstrates is 90T confidence that the device
it & good as conventional pacemakers. Tne result for the ARCO NU-5 of no
failures in #50 device months is insufficient to demonstrate even this.

Conclusion 2) 'Their life saving benefits weild exceed the eavirommental
and societal risks and costs associated with their .se' is entirely dependent
on the truth of Conclusion 4) 'they have a projected service life longer than
the available conventional pacemakers'. This dependence should be clearly
stated. As shown above there are grounds for doubting the unequivocal truth
of Conclusion 4).

In view of these doub  of the basis for the 'cost-benefit comperison’
the conclusions of the report seem tou firm and the inclusion in these of
precise monetary values not useful. The major omission from the concle ions
is & caveat stating something like 'If a conventional pacemaker with a lifetime
of 10~20 years is developed the ¢ aclusions of this study will need to be
reviewed' .

We do not wish these comments to be interpreted as meaning that we
are opposed to the use of nuclear powered cardiac pacemakers. We do, however,
still consider that they are in a developmental and proving stage of their
lives and further that improvements in onventions) pacemakers may ch age the
situation entirely in the next few years. In view of this we consider “he
Statement to be too definitrive and final-sounding énd that s more 'inte im'
attitude is appropriate at the present time.

NRPB
Harwell
Dide ot
Oxon
T
10 il 1975 —
Apr o
e



Natural Resources Defense Council, Inc.

g1y 15TH STREET, N.W.
WASHINGTON, D.C. RO00§
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Mr. Roward Larson

Acting Deputy Director for Fuels
and Materials

Nuclear Regulatory Commission

7920 Norfolk Avenue

Bethesda, Maryland

Re: Draft Generic Environmental Statement
Plutonium Powered Cardiac Pacem kers

Dear Sir:

The Nacur: i Resources Defense Council stronaly protests your
q y's prop d determination to permit the commercial use of
plutonium powered cardiac pacemakers. Given the toxicity and per-
sistence of plutonium, and the a ailability of preferable alterna-
tives, we find it incredible that this proposed use of plutoaium
is still being sericusly considered.

We have examined the draft impact statement and the comments
of Dr, Dean E, Abrahamson on that draft and would like to adopt
the comments of Dr. Abrahamson as those of NRDC. For the reasons
stated by Dr. Abrahamson, we believe that the draft statement is
fundamentally de icient in its discussion of both the environmental
impacts and alternatives, that it fails to conform to the minimum
standards set out for draft statements in NEPA Guidelines of the
Council on Environmental Quality, and , according.y, t the draft
should be reissued in a form consistent with these standards. We
urge that you take this action immediately.

Sincerely,
s %m
F: ) J.G. Speth
——a JGS/pa
Tt
OO0 oo Recycled Paper

DEAMOT A. NEE
SCIS LOGAN DRIVE
POTOMAD, MARYLAND 30884

reo sooweNeNER 299-517)
May 13, 1975

Mr. Bernard Singer

Chief, Materials Sranch
Directorate of Licensing
Nuclear Regulatory Commission
Atomic Energy Commission
washington, D. C. 20555

Dear Sir:

Because of the ‘omplete and remarkable recovery which
I have made, due to the nucl. ar pacemaker which was inscalled in
me by Doctors Smyth and Bacos »f Washington Hospitai Center, I am
prompted to write to you about it, and to express the gratitude I
feel.

After a long period of deterioration, my heart beat
had reached an average of less than forty beats per minute, and
I knew that the end was not far away. Through a happy circumstance
and Dr. Henry Ecker, 1 went to Doctors Bacos and Smyth, and after
extensive tests, the nuclear pacemaker was implanted. My recovery
was almogt instantaneous, and even though this took place on
December 5, 1975, I am feeling more normal every day, and onca
again I am a part of the community. My beat was set at a minimus
of sixty-nine per minute, and every subsequent reading has shown
it to be exactly at this rate.

201~V

My relief is so much greater because I don't expect to
have hattery troubles or a regular eighteen month change in batteries.
The apprehension of a hospital visit during which the batteries are
replaced grows as the patient finds it more and more difficult, pain~
ful and expensive to keep the battery pacemaker operative. I have a
number of friends w.ih battery pacemakers, and everyone is gratefal
for their pacemaker, but are always worried about their batteries. I
have one friend who has had six such battery changes in the last four
years. For many of these battery pacemaker patients, there is a
constant fear that it will fail, and the dread of continuous hospitali-
zation and surgery for the battery replacements every so often.

Since my own nuclear pacemaker was implanted, I have had
no approhension zisat my haart beat, nor have I had any worry about
the need to replace this miraculous instrument. 1 do not even feel
it. I don't even know it is there; in fact, I forget about it. This
is not possible with the battery pacemaker. For myself, the relief,
both mental and physical, which comes to me from my nuclear
is worth many times ite coOst.
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[ hope that the day comes, very soon, that all
pacemakers will be nuclear-powered, thereby providing averyone

with this wonderful advantage.
51}3 erely your
/(Q/i;c.'tﬂégizztie

Dermot A. Nee
DAN/ Lm j

/ Telephone (201) 926-

April 7, 157§

Nuclear Regulatory Commission
Washington, D.C. 20545

Attn: Acting Deputy Director for
Fuels and Material

Directorate ot Licensing - Regulation

Dear Sir:

I have reviewed the recent environmental § t statement of the Nuclear
Regulatory Commission, and have heard that there have been adverse comments
about the usefulness of plutonium powered pacemakers because there are now
rechargeable pacemakers and chemical cells of great longevity and potential,

It 1s my personal opinfon that there will remain, for the forseeable
future, a rea! place for nuclear pacemakers, probably for 10 to 15% of
all patients,

€0L-v

Rechargeable pacemakers are interesting, but require an action on the
part of the patient at Jeast once a week, and this takes the responsibility
from the doctor %5 the patient, In 2 survey that | have conducted, very
few patients given the choice of a programmable nuclear pacer, a ten year
Tithium pacer, or & rechargeable pacer, will choose the rechargeable unit.
Therefore, such units can be recharged fully once every six months or
once a year, and have a 1ife expectancy that compares te other pace-
makers, | do not see them as a threat to the position of nuclear pacemakers.

As for other long 1ife cells, there is no doubt that they play a very
substantial part in pacing, and obviously will become the standard
of the future. However, there is as yet no chemical cell that has potentia!
life as great as the plutonium cells. The manufacturers speak of ten years
life, but if the nuclear manufacturers weve to exhibit the same degree of hope-
fullness, they would be speaking of 20 to 40 year life. (None of the man-
uhctu;‘!ﬂ ere taking into account deterioration of other components and
wires,

Pacemakers with nuclear cells are particularly well suited to young
Fealth, adults whe hove otherwize normal lcng 11%e sxpactancy. Froe the
point of view of economic feasibility and relfability I cannot see how this
area of usefulness will change in the near future.

@ Attiiate of College of Medicing and Dentistry of New Jersay
Mamber of Jewish Community Federation of Metropotitan New Jersey
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Therefore, thermonuclear pacemakers have a ro*! place fn the field o

of pacing and their use continued should be encourayed for selected

patients.
Sinces o
Victor Parsonnet, M.D.
Director of Surgery
VPiwn

cc: Dr. Thomas Bustard
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April 16, 1975

Mr. Bernard Singer

Chief Materials Branch

Directorate of Licensing

Nuclear Pegulatory Commission

United States Atomic Energy Lonmission
Washington, D.C. 20545

Dear Mr. S'nger:

I have been sending perildic missives to you about the receant state-
ment on the extension of licensing of nuclear pacemakers. As you know, I
feel very strongly about it, and believe that at lesast for the present
there is a real place for nuclear pacing.

I am in the process of preparing a review of this subject that
will be presented at the Society for Vascular Surgery and the Inter.
rational Cardiovascular Society Meetina in Boston on June 20th. If
you would 1ike me to send you a preliminary copy of this manuscript,

1 will be glad to do so. | believe the facts will speak for themselves,

voL-Y

I am also concerned about the pressure put upon you by manufacturers
of long 1ife non-nuclear pacemakers. On the basis of past experience
none of these companies can show that their pacemakers will be equal
or superior to nuclear pacers, and until such time, we should proceed
as planned with limiled licensing of the auclear units.

Thank you very much for your attention.

Sincerely Q ;
%}A&_\\ ~1M.,..;.‘k
<
Victor Parsonnet, M.D. | o
Diractor of Surgery
YP/na
Enclo.ure: Reprint of article thot ~pprared in Newar' Star Loedgor, Apeil 14, 1975,

cc: Dr. Nicholas Smyth, Or. L. Gilbert, Dr. 1. R, Zucker, Mr. A. Efckhoff,
Dr. G. H. Myers.

@ Attilate of College of Medicine and Dentistry of New Jersey
Member of Jewish C F of Matropolitan New Jersey




The following enclosure was submitted with letter No, 43 and is available
for examination in the Nuclear Regulatory Comsission Public Document Room,
1717 E Street, Washingtom, D.C.:

L. J. ¥hitlow, "Atom-Powered Pacemaker Test Called Success,” Newark Star
Ledger, Newark, N.J., April 14, 1975.
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201 Lyons Avenue, Newark, New Jersey 07112 / at Osborne Terrace

/ Telephone (201) 926-7000

June 11, 1978

Mr. Bernard 59

Materials Br Section
Direcwurste of Licensure

U.S. Nuclear Reyulatory Commission
Washington, 0.C. 20555

Dear Mr. Singer

1 have prepared the following manuscript for presentation at the Soctety
for Vasculer Surgery on June Z1st. Because this 1s in a3 way responsive to
the "Draft on Generic Enviromiental Statement,” | am sending it to you for
that specific purpose.

If there fs any other way that [ can be of assistance in this matter,

please Tet me know.
Sincerely r
{
: 4’-‘8§ \‘wv..b—*.

Yictor Parsonnet, M.D.
Director of Surgery

VP:cd
Enclosure: (Manuscript) Clinica) Experience With Nuclear Pacemakers
*Signed in Dr. Parsonnet's absence.

@ Affiliate of Coliege of Medicir + and Dentistry of New Jersey
of Jewish C ¥ Fooeration of Metrogoinan New Jersey
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The following enclosure was submitted with letter No. 60 and 1s available
for examination in the Nuclear Regulatory Commission Public Document Room,
1717 B Street, Washingtos, D.C.:

1. V. Parsonnet, G, H. Myers, and others, "Clinical Experfence with Nuclesr
Pacemakers' (processed), The Department of Surgery and the Pacemaker
Center, Newark Beth lsrael Medical Ceoter, and the New Jersey Medical
School, Newark, N.J., June 11, 1975,
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September 9, 1975

Bernard Singer, M.D., Chief

Materials Branch

Division of Materiale and Puel
Cycle Facility Licensing

U.5. YMuclear Regulatory Commission

Washington, D.C. 2055%

Dear Dr. Singer

I have had the opportunity to review the comments oo the Draft Envirommeat
Stecament on Plutonium Pacemakers. Although I have already written

tvo letters to you, and sent you & manuscript on the worldwide use of
adlo-1sotope pacemskers to date, further amplification is indicated.

My confidence in the program has not been shaken by the adverse state-
ments. A brief tabulation of my own of the statements received so far
gives a definite nod to those against the nuclear pacemaker. Ounly &
fev of these comments have any serious impact. Most of the writers who
are against the unit were e¢ither manufacturers or physicians associated
with manufacturers who have a clear personal bias, often because thay
advocate use of other types of batterles that are competitive with the
nuclear units. Favorable notes were often from satisfied patients,
equally blased. Still other potes, which 1 must veject, are from semi-
authorities whose comments were ao sarcastic that one wonders ahout the
objactivity ot the auther,

Also of considerable interest to me was the differing viewpoints of the
clinicians and the engineers. This difference is similar to the proverbial
problem that confronis medical school faculties vhere there 1s often a
conflict between basic scientists and cliniciacs. Basic sclentists and
enzineers tend to look at things in & statistical, if not cold blooded
fashion that is quite distinet from the viewpoint of the cliniclan. The
latter group tends to see the problem from the point of view of the patieat.
My associates and 1, who for 15 years have experienced contact with
patients who have been faced with the nuisance of repested operations,

can alvays see the huge advantage to any patient of one operation that
requires no subseq ker mai

The entire point, it seems to me, is that the pacemaker industry ia
combination with the physiclans {nvolved should have as an objective
the development of a lifetime pacemaker system for every patient.

With regard to rechargeable cells, 1f & pacemaker could be recharged

® Arfiliate of Coliege of Medicine and Dentistry of New Jersey
Mamber of Jewian Communily Faderstion of Metropolitan New Jersey

901~V



" | 201 Lyons Avenue, Newark, New Jersey 07112/ at Osborne Terrace

201 Lyons Avenue, Newark, New Jersey 07112 / at Osborne Terrace

@l 7

/ Telephane (201) 926-7000

Dr. Stoger - Page 2

@very six sooths to & year, my attitudes might change, although even
then wouldn't you agree thar it weuld be preferable to wear a pacemaker
that would last the rest of a lifetime with no maintenance!

Proponents of rechargeable systems have repeatedly boasted of patient
acceptabilicy. All climicians know that acceptance by a patient pop-
ulation cannot be in feself o proper criterion for widespread use.
Patieats will sccept almost anything when persuaded by their ducters.
For example, at one time patients were persuaded to wear an external
radto-frequency power source, obwiously a poor alternative, one that
the proponents defended bv saying that the patients ltked {t. They
liked 1t despite the fact that they could not remove the external

power source, to bat..e, exercise, swin, travel, ete. On the other
hand, we questioned a group of non-pacemaker wearers of all ages on
their choice of pacemaker should they need one (see my recent manuscript).
These choices included the nuclear and rechargeeble pacemaker, and the
lithium units, each described ip as unpredjudiced & fashion as posaible.
Not one of the respondents selected the present rechargeable pacemaker
as his first choice.

There were a mmber of corments, by both cliniclans and basic scientiste-
that the nuclear pacemaker offered only a very slight g;ggtu; over
other alternatives. 1 can answer this by asking, very slight for whom?
Certainly it may be very slight for the elderly person, but for the

very young, the advantage way be quite palpable.

With regard to the wires, several respondeats implied that there was no
point {n making long life pacemakers {f the wires broke frequeatly, as

if to ask why one should develop any long life pacemaker system, recharge-
able, chemical, miclear or other as long as the wiree contisued to break.
Obviously, if wires break frequently with one system they will continue
to bresk frequently with another - the power source s irrelevant. If
one applied this type of logic to any development of mankind, there

would be no progress at all. There s always & veak link in a chain.

Although wires remain a problem, it is an And + In our
hands, an understanding of how to handle the wires has eliminated
fractures at the point of fixation of the wire Lo the tissues, at the
so-called "butterfly” as described in my original article on the subject
two vesrs age. Since urias a newly d<sizned butterfly thore have becn
1 to S fractures during the last 2 years. Other improvements, such as
using absorbable ligatures around the wires, rather than non-sbsorbable
ligatures, has eiiminated another source of wire and {nsulation breaks.
In actual fact, in the past 2 years, of 688 wires at risk, there were
17 fractures, or 1.27 a year, a clear improvement over past performance.

It Is true that efforts sust be made to improve the durabilicy of the
@ Attiate o1 Collage of Medicine snd Dentistry of New Jersey
Member of Jewsh Com munity Feoeration of Melropoiitan New Jersey

br.

/ Telephone (201) 926-7000

Singer - Page )

electrode vires, anl I know that every msnufacturer is working hard
on this problem. Whether or not an improvement over the helical
coil configuration, using wires of steel alloys or platinum-iridium
will be found remalus to be seen. Approxi 1y 5% of re-op i
each year are to correct wire fractures, but 70 are for battery
fatlure. Where then is the problem? Obviously, the major task is

to improve the battery.

Finally, were we to develop really superb alternative power sources, the
ouclear pacemaker would pass by the wayside, having served its purpose
as an interim development. For the moment, however, I am absolutely
convinced that the plutonium pacemaker in its %_tg is absclutely
safe, and objections to the contrary have been el emot or
scientifically unfouaded.

1onal

Victor Parsonnet, M.D.
Uirector of Surgery

VP:irt
CC: Mr. Mason

@ Atfilate of Collage of Medicine snd Dentistry of New Jersey
Momber of Jewiah Community Federation of Metrop. iRan New Jersey
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Mr. Bernard Siager

Naterials “ranch Section
Jirectorate of Licemsure
U.o.Nuglear Hogulatory Commission
washingtom, D.C, 20555

Uear Mr, Siager: ey
1 ax 63 years of age, & Compliance Officer, Cospliaace Staff, Meat

and Poultry Inspection Service, APELS, United States Uspartment of
igriculture. 1n my position 1 am responsible for compliasce with the
Meat & Foultry Imspection Acts, by t ose in the seat snd poultry
industries. In @y work, 1 cover the Greater New York/New Jersey Met-
ropolitan ares, often driving upwrds to 100 miles and interviewing
upwards of 20 people or plants per day, I am sctive ir religious and
fraternal eamd charitable organizaetions, giviag of ay tise and energy.
These things in thesselves are uot remarkable, but were it not for my
having & Pacemaker, 1 don't beliewe that I would be able to operate as
effectively.

! am » Pacemaker since 1967, baving had 3 standard pacemakers and,
monce April 11, 1973, 1 became the recipiest of asnuclesr pacemaker
Made by Areo Nuclear Co,, Leechburg, Pa,

¥r. Jinger, could you have sny ides of what a recipient of a battery
energised pacemaker thiaks of when thefrunit becomes 20 or 24 months
0ld? They are worried? Not in the least; they are actually scared, not
knowing when the batteries will stop giving that little gecessary 1ifok
giving elsotricity to Keep their pacemakers going. 1 and many people 1
know have unfortunately sbhared that feeling, severa) tises,

Now that | have a nuclear pacemaker, with the knowledge that medical
kvowhow and engineering believes it should last 1@ perbaps 20 years,

I sleep better, 1 do not worry about ~r looxiag forward that my batt-
eries will conk out in about 2 years, that another pacemaker has to be
isplanted, resulting in time lost from my work and family, another
surgical proceedure with the always attendant danger of iafection, plus
the additiopal high hospital costs.

! bave a very close relationship with approxisately 15 people who have
suclear pacemakers. I know and share with them the feeling of security
they now have as opposed to the hundreds of pecple wearing battery
pacesakers, that I bave spoken to or answered their letters to me, re-
gardless of agg, all wanting to know with that unsure scared feeling
that is never openly expressed "how long will their Lattery pacenakers
last?™,

page 1 of 2
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I have never before writtesm to any policy making or licensiog group
trying to explain my feelings, but this time 1 as & case in poimt.

1 feel secure, therfore 1 as sble to function as & normsal deing,
without those little,annoying and sometimes scary doubts in the back
of sy mind as to “when «1ill my pacemaker stop?”. I, and others like
se who are fortunate to have Nuclear pacemakers are haypy. Ask Us!

If I can de of service to you to honestl] answer any noamedical or
nentechinal juestioms, just the actioms, thoughts and feelings of aa
individual feeiing confidant in the life-giving energy of a nuclear
pacemaker, feel free to call on me,

Respectfully submitted for your consideration

Max Spieler
195 Shepard Flace
Nutley, New Jersey 07110

page 2 of 2

12740 San Fernando Road + Syimar Caliorne 91342 « US A« (213) 36791 » Cadle PACESETTER

PACESETTER SYSTEMS INC.

March 14, 1975

Atomic Energy Commission
Mater als Branch

Fuels and Materials
Directorate of Licensing
Washington, D. C. 20545

Attention: Mr. Bernmard Singer, Chief
Gent) emen

1 have just yesterday received a copy of your draft Environmental Statement
on the Wide-Scale Use of Plutonium Powered Pacemakers. In spite of ny edu-
cation as a nuclear physicist and my experience in certain areas of such
technology. 1 am not directing this letter specifically to the technical
feasibility and safety of nuclear powcred pacemakers. Instead, I intend to
emphasize in this letter several aspects of the proposed sie wherein I
beiieve my background particularly qualifies me. Part of my reason for
avoiding certain of the issues (s that it msust be recognized as President
of Pacesetter Systems, Inc.. manufacturer of the rechargeable pacemake , my
comments might be dismisse’ on the basis of partiaiity. On the contrary,
although the nuclear pacemaker might command a small part of the market,
such diversion would i my opinion not be significant.

1 therefore write this letter as 2 responsibie citizen and taxpayer who
feels that con*inued expenditure of government funds in the subsidy of
sanufacture of plutonium for applications such as pacemakers is unwarraated
and, further, that the substantially increased costs in use of such &
product would add materially to the cost of our Medicare and Medicaid
programs and to the price of independent medical insurance, which is borne
by most of our citizens. Moreover, -he BEIR Report (Report of the Advisory
Committee on the Biological Effects of IonAzing Radiations) for the Nationsl
Academy of Sciences and the National Research Council published by HEW and
EPA in November, 1971, maintains that "No exposure to ionizing redistion
should be permitted without the expectation of commensurate benefit.® With
sovesal viable altarnat.ve. tu naclea. puwesed pecesakers, the baef.ts
from the ionizing units are hardly significant. Thus, the extensive Sistri-
bution of devices containing the highly toxic plutonium cannot, in my
opanion, be justified by any cogent argument.

An Associate of G D Searle & Co.

601-Y
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Aside from such techni w1 ard soclologic factors, oy concern lies in the
unscientific, self-sa: ng app h ssed to p the use of nuclear
snergy for pacemakers. Regardless of che technical and safety considers-
tions or the justification of need for such devices, it is not 30 such the
decision, whatever that may bs, but the methodology auployed that troubles
me. Should not the govermment play & neutral, or in this case even &
consecrvative role, with Jegard to saking this decisian?

There is certainiy no doubt that the technical preblems in desiygning a
long~lived pacomaker powered by Plutonium 238 can and may already have

been solved. [ am not, however, persuaded that extended exposure to 5-1%
milliremss per hour of radiation at the pacer surface is safe and further-
more, such radiation sxposure increases with time - typically by a factor

of four in ten years. Even the lower initisl level is above your own

Atomic Energy Cosmission industrial safety standards. The BEIR Report,
referenced -bove, recormends even lower standards. Although their sain
concern was with irradistion of the general population, they point out that
the mutation doubling dosage for man from chronic radistion falls in the
range of 20 to 200 rem and they juggest that exposure should be su tantially
lowe? than this lgqvel to sinimize the incidence of genetic defect: nd cancer.
If the doubling dose werw 20 rem and if 208 of the i1l health arises from
mutations (estimated between S8 and 50%), ‘hen fron a S rem per generation
general exposure there would eventuzlly be an incroase of 5% in the 111 health
of our population. One can arque that 5% of the pacemaker patient population
is not significant, and that these results do not apply since the radiation
is localized, not general. On the other hand, for fuel with a four-foid
increase in ionizing radiation in & device having an initial 15 srem/hr.
level, a 5 rem dose would he incurred in only 34 days! Also, though

local zed, the radiation commonly affects critical tissue and bones. Thus,
we must continue to guestion how the long term effects of such local radiation
to critical boady tissue and bones can be assessed without the passage of
decadss. The guestion becames 2l] the more important when it is considered
rhat the primary market that might effectively use such a device consists

of younger people, where the integrated dosage would be highest. One of

the mest significant object lons must also be the proliferation of all the
radicsctive fuel and particularly the toxic plutonium throughout the world.
The virtual certainty of failures and real dangers cannot be lightly dies-
wmissec .

The mmber of pacemakers to be used in 1975 worldwide will probably exceed
160,000 and this nusber -ontinues to grow at a subs:tantial rate. Of course
many of these are replacssents but nevertheless almost 100,000 new patients
will receive their implants this year. Somewhat over half will be used in
the United States. Neglecting the low market projections of only a 3%
penetration for nuclear devices by the end of this decade as determined in
A recent very extensive su'vey, it would seem that for the program to have
any real significance the surely the abjective must be to control of the

Atomic Eneryy Comsission
Page Three
March 14, 1975

order of 100 -7 the total market as a minimum. Producing 16,000 such devices
will present a significant challenge. Although your has iaposed
very clearly defined standards and safeguards for manufacturing it should be
recognized that these requirements are DESIGN SPECIFICATIONS AND NOT NECESSARILY
PRODUCT SPRCTIFICATIONS It is one thing to design and construct & ssall
number of capsules thar will survive almost any anticipated environment.

it is yet another thing to build hundreds of these devices; and to build
thousands with wt a significant number of failures is extraordinarily opti-
mistic. To produce 10,000 or more per year without a significant statistical
fatlure rate is in my opinion beyond any r 3 £ ing congs .
Even {f all manufactu ~rs of such devices were to match the enviable re-
l.ability recor of Pacesettar Systems, there would still be a number of
failures. Thus, in addition to the normalized effects of the irradistion,

a full release of nuclear pacemaker manufacture and distridution undoubtedly
will lead o a substantial number of cases in which highly texis Plutonius 238
will be dispersed.

Pacemakers represent z . interesting and virtually uiigue commercial device.
The success of these products conjures up a spacial interest by the media so
that a oreat deal of publicity avcompanies any even moderately significant
pacemaker news. Considering the anxiety of peofle about nuclear radiationm,
there is little doubt that even a modest number of nuclear pacemaker probless
would receive extensive mﬁlluum. 1 would anticipate that the dangers

even though real would be substantially exaggerated to the extent of causing
great social opposition and serious political impact on the antire Atomic
Energy program. To me the risks attendant from such | ressures, which

inciude possible curtailment or even demise of worthwhile aspects of other
applications for nuclear energy, would be far too great to justify wide spresd
use of nuclear pacemakers. ! personally would find distressing any increase
in opposition to nuclear power for the significant needs of our energy
resources program because of problems associsted with pacemakers, particularly
when alternative technigques are available for meeting any need for such long
erm devices.

oLL-v

on the contrary, however, there appears to be a continuing effort to justify
this guestionable application. I see a repetition of my experier e with
proponents of atomic energy over the last two decades for anot® .r [urpose.
Prior to my association with Pacesetter Systems, ! was the presiden. of the
two divisions of Textron, Inc. that were the primary suppliers of solar
cells and arrays for spacecraft. In this capacity ! became very familiar
with the persuasive but usually inaccurate arquments used to promote nuclear
power sources for spacecraft. Continually throughout that period over-
optimistic projections and even blue sky fantasies wers proposed relative
to power-to-weight ratios and costs that would be achieved by expenditures
of laige sums of taxes for the development of such secondary power Systems.
To support these proposals, a reference standard for solar photovoltaic
conversions systems was based on experience that was archaic history. Newsr
was a moving target of solar power used as a comparison standard for the
muclear proposals. Thus two or three year old experience in solar power
systems was compared with optimigtic forecasts for nuclear power five years
into the future so as to indicate that nuclear power might be competitive
and even provide an advantage. Asgt turned out, the nuclear programs
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never attained their goals, while great strides were being made in photo-
voltasc systems. With the substantially reduced system weights and costs,
nuclear power never became a viable alternative except for a few isola
cases, gensrally for travel to planets in the far reaches of our solar
systen. Unfortunately I believe the arguments for funding of the nucliear
programs were consciously made by both industry and government to further
4 cauxe which could not be justified by realistic objective evaluation.

What disturbs me st this time is that I see the same type of strategy
enployed again relative to cardiac pecemakers. In reviewing your draft
statenent, Paragraph 4.2.3.2, har Nickel-Cadmium Battery, it
reads, "A pacemaxe: is now being manufactured with battaries that can be
recharged by the patient on a weekly basis. Results of bench tests, animal
studies, and clinical investigation indicate that approximately 958 of

the rechargeable pacemaker batteries may last 10 years. The use of this
type of pacemaker, however, may be constrained by the recharging operation.
"t has been reported that some elderly patients cannot be relisd on to
recharge thelir pacemakers and that physiclans cannot, in many cases,
burdesn such 8 patient with the responsibility of recharging his pacemaker.
Over B0O0 of these pacemakers are now in clinical use.” The refersnces for
this information were listed as Pacesetter Systems, Michael C. Seremitis,
M.D., and Richard E. Emmitt, Cyrus J. Lawrence and Sons. The reference of
Pacesstter included a conversation and & letter 14 and 14 years old,
respectively. The twoe communications reflected early experience with only
4 fow patients and our desire tc maintain a conservative image. No recent
efforts vere made before publishing your draft to ascertain the later
results of our sxperience in the approximately 1500 patients to date and
thus to update the information. Moreover, the "guotation” appears to be
incorrect and the conclusion false., The only information in the references
to the 5% ar 958 numbers was in our evaluation of patient suitahility. We
Selieve that about 5% of patients may not effectively or reliably carry
out the recharging regimen. On the ocher hand, you Quote that results of
hench tests, arimal studies and clinical investigation indicate approxi-
mately 95% of our batteries may last 10 years. That is just not true and
we are at a loss to understand where you could have obtained such false
information. Without benefit of our data how could you possibly make such
4 statement. We have avery veason to believe based upon extensive acceler-
ated and real-time testing, analysis and measurement, that our cells will
ilast 40 vo 50 years or more. In fact, the conservative design life of our
entire pacemaker - not just the battery - is 30 years and we have yet to
detect from extensive investigstion any life limiting componsnts even in
such & time frame, No wear-out processes have been detected from such
testing and analysis that would conflict with this projection, PReliability
avaluations of our system indicate a considerably longer probable life.
The most cunservative study based on our experience to date, even incorpor-
ating infant wmortality into our statistics projects that 91V of our
pacemakers will last longer than 30 years. Separating random from process
related problems, analysis of the data shows that 97% of our pacemakers
should last longer than 20 years. Thus, not only is your statement an
assumpt ion made without benefit of our data, but it is also inaccurate

Atomic Energy Commission
Page Pive
March 14, 1978

You also quote an isolated doctor who is clearly negativ  © our systes and
is not sxperienced with its use and a financial analyst oclated with a
company involved with a competitor, both of whom are not competent to make
& generalized judgment as stating that elderly patisnts cannot be relied on
to recharge their systems. Unfortunately this argument, actively pursued
by our competition, has been accepted by some physicians on

in other cases repr s a isant for rejection of our long
life device As a matter of fact, extensive surveys of petients using the
recharjeable pacemaker contradict this cbjection. There are a number
doctors using our systen for the majority of their pstients. In one
instance a doctor has employed our device in 60 out of a to Al of 63
“n two patients (I8) he rejected the people as being unsuitable candidates
Locause of mental deficiencies. When presented with the choice the third
elected to have replacement with a conventional unit. Thus over 958 of

his patients, ranging in age from 41 to 90 years, with a median age of &5
years, are satisfied with tha Pacesetter rechargeable systas and in not

one single case has thare ever bean & problem with vecharging nor has any
patient ever complained about the regimen. In all cases these patients

have oxpressed satisfaction with the system and approval of its use after
their experience. This is not an isclated example, althouyh this particu-
lar doctor has used our system in a higher proportion of his patients than
have others. In a study being made of patients of a number of physicians

we find virtually no negative reaction and a significent number who express

A positive attitude about recharging. Thus your guote of a single prejudiced
investigator and an analyst who both have negative attitudes based not on
fact but on fiction is hardly unbiased. It would have been more appropriste
to either make an independent anslysis or to also inguire of users and of

the manufacture:r as to their exparience and as to independent surveys. The
approach that was employed would be expected from a salesman from & cospeti-
tive company. not from a representative of our government, and brings to aind
arguments raised in previous times about other applications of nuclear snergy.

L=y

In challengin” vour presentation, I do not contradict the existence of the
conviction large nusber of physicians that recharging is undesirable
or unsccepta . There are a number of opinions underlying this feeling
and it will be a matter of time, education and social and peer pressure
and patient demand before this argument will be put into proper perspective
and cease to be a factor. In the seantime one approach to elisminating the
objection is the extension of time batween charges and the reduction of

the charging time. Significant progress is being made in both of these
areas so that much of the opposition will ultimately be laid to rest.

For example, in an extensive market survey of this subject some 758 of the
physicians indicated that given a six-month recharging interval, they
would consider the system suitable for their entire patient population.
This resuly cumpares to only 258 of the jaysicians wao would consider our
system for the majority of their patient population with the present regimen
of weekly or monthly recharging.
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The Pacesetter systes which will soon achieve 2,000 implants has clearly
established a new standard in product reliability and is designed to last
and will last beyond the ! fetime of most if not all patients. Purther-
more, the sole argument of patient dependence and involvement on recharging
will vanish with product refinement so that this system will in fact meet
the objectives of a reasonably receptive physician interested in the best
medicine for his pacient. For scae conservative physicians and those with
gther interests, we believe that no long term pacemaker will gain acceptance
for many years.

In addition to our rechargeable xar and its evolutionary improvements
there is the effort of Dr. O. F. Tyers of Pennsylvania State University
using & rechargeable mercuric oxide-zinc-silver vell to achieve long charge
intervals. Although thelr present experience is based upon a short interval
regimen, they claim that they will ultimately be able to offer a 20-year
1ife and be able to charge once every ¥y years. From infuiries and investi-
gations on this program we would have to conclude that such claims wight be
premature, but there is certainly merit in pursuing the research. Other
alternatives include the solid state 'ithius .odide, lithium bromide and
sodium bromide batteries. At least five companies are already selling such
cells and the first of these types is already in devices produced by several
sanufacturers, In fact Arco Nuclear, the successor company which was
heavily subsidized by the Atomic Energy Commission for several years in
development of a nuclear pacemaker is now pursuing a lithius iodide powered
device which they overtly indicate to have more market appeal than their
auclear model. Thus even the most vocal commercial proponent of nuclear
powered pacemakers is already pursuing alternative primary chemical cells
as & better alternative. Although many claims o! longevity are made for
these newer chemical batteries, it is premacure o really predy ¢ the ultimate
truth. Suffice it to say that there is little question such pac. ‘akers could
certainly last over five years and in the next docade 1 predict th t chemi-
cally powered primary cells may be able to power pacemakers for s long as
10 years or perhaps even more. I couch my proje tions carefully since it

is difficult to accelerate tests of such primary cells so that the ultimate
life of these pacemakers must be demonstrated by the passage of time.

To quote one of the physicians surveyed .n the noted independent market study,
%y think nuclear pacemak~rs are already obsclete and have no place. . . . "
While the need for research in this field may have been justified five to ten
years ago, the consensus of the 139 physicians interviewed in the survey is
that there are several viable alternatives that are more appropriate. 1
thersfore see no real need for a nuclear powsred pacer and with all the
Aistribution and control problems inherent in such & product it would be
foolhardy to expose our entire nuclear program to the social outrage which
would result from any probiems. In any case, regardless of your aecision

on licensing wide scale use of such device 1 do not believe it is in the
public interest for any subsidy whatsoever to be provided to manufacturers,

Atomic Energy Cosmission
Page Sever
March 14, 1975

who should bear the full and complete cost of manufacturs of the plutonius
fuel INCLUDING ALL COSTS OF ADMINISTRATION AND CONTROL. Even 80, we a8 &
nation will pay the high prices of such products since almost all pacemakers
are reimbursed by Medicare, Medicaid or bv insurance carriers who factor

such costs into their premiums.
==
L o e, ~ -
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Acline Deputy Director for Puels and Materials February 17, 1975
Mrectorate of Licensing - Regulation

U 5. Atomic Energy ‘ommission

Washington, D.C

Dear Sirs

I urge you 1o reject the idea of using radioactive materials for fuel in
cardiac pecemakers Though this is a most cosmendable msdlcal adwance and
undoubtably & tresendovs bhoon to the individual with heart irregularity,

tha rotential srread of such highly toxic material through the activities of
desentad ‘ndividuals, terrorist groups, or crimimals for the purpose of
political or financial extortion stromely indicates that this use of such
saterial 1s definitely not justifi-4

It Yehooves the Nuclear Regulatory Commission to insure that a sintsal or no
asount of nuclear material that can o fashioned into crude weapons, or, as
in this rase, dlspersed for extortion purposes, 1s sade avallasle, even with
some difficulty, to terrorist or crisinal eloments,

to place dispersion-sized asouns of this material inside wulnershle husan
hodies 15 to negate the security which it desands.

Sincereiy yours,

& Frrdtl 1‘ /
e b S yar s
3 Steshen R, Parcher, Loctor of Science
ol 1603 3tockton Avenue
-

Bakeraiield, Californta 97308

1005 WEATROO0 SLVD . LOS ANGELES Ta %008 (1N o130
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Nuclear Initigtiv

W0idem A, Anders, Cheirman, WRC

PEOPLE
FOR PROOF

¥r, Bernard Singer, Chief
Materials Branch

Mrectorate of Lt

0.5, Wuclear Regulatory Commission
Washington, B, C. 20555

Dear Mr, Singer:

le for Proc” condemn the use of plutonium
for the batteries o; Em!m as contemplated in the
"Draft Generic Bavironmental Statement o2 the Wide-Scale Use of
Flutonium Powered (.iliac Peieseln e, ® D5ASC, January 1975,

Sual usen of axtrewily dangerous radioisotopes
appoar to be proposed ia & etlitude profoundly insensitive to
the soclal climate of our times, Any such widespresd use of
plutoniae would of fer irresistible opportunities to extortionists
and other public enemies, In order to hold the center of s city
for ransom, or to force its evacustion, ruthliess criminale oeed
only proceed as follows: "Pind and kidnap James Seagren, s 52-
year-old roofing contractor in St, Paul, Winnescts, Holding him
incommunicedo, claim that you asve extrycisd his plutonium pece~
maker and have dissolved it in acld., Twrewtom to biow up the scid
sclution in the center of town urlers all your disands are met,®

se for Proo” have ‘uet Jualified the
enclosad initiative stetule for the Juse 3570 Zeiifornis bellot,
by gatheriop rearly S00,000 signatures rigtewide, Be assured
that 17 the plutevium paremaker progris is not decisively termin-
ated, we gha'’ clis it in our election campaign as & prime example
of the lmmatur . »d recklessness which continues even under the
new Suclear Neg ieovory Commission,

ELL-Y
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The following eoclosure was submitted with letter No. 44 and is svailable for
examination in the Nuclear huhmry Commiasion Public Document Roow,
1717 W Street, Wachingtos,

m “athedral Ave.

Wastington, D. C.

a2

June 1%, 197%

1. "Land Use, Nuclear Power Listility and Safeguards Act,” proposed Title 7.8,
GCovernment Code, State of California, initietive messure to be submitted
directly *o the electors, reproduced on petition circulsted by Pecple for
Proof, Loa Angeles, California.

Mntoria 8 Branch, Nuclear Regulatory Comm,
U. 3. Atomic Enerzy Comzission
Wastington, D. C. 20555

Dear Mr. Singer:

I am a patient of Dr. Nicholas Swmyth, and a
nuclear paceraker recipient.

I am not up to dete re the criticienm
of the nuclesr pacemakers versus the othsrs , or
the prorosed lericlation to control ell, I am in
favor cartainly of protecting the individusl., To
my knocwledge tre percentage of n uclear pacemakers
that ha e proved satiafactody is higher than that
of the non-nuclesr. 1T only wish the cost of the
nuclesr ones could be brought down so that more people
would be sble to afford them. I had three hattaries
between Jsn. 1958 “nd June 1975 when wy nuclear one
was im-lanted. YNow I have, ‘opefully, 2 1C-year pericd
before neeiin: 2 naw one. The mental resce-of-mind
that comes from not 'sving to rlan your 1ife around
sntering the hosrital %o ave a new battery every couple
of years is trevendous. I heove not detected any change
in the operation or reliability of my new one and am
looking forward to e long-lived unit with fewer op.r‘7
tions, Here's *o mwore and bettor nuclear pacemakers.

slncndy%
Juliet £h{

F.3. I would be interested to ses any a-toriil re
pacexakers vs. environments]l impact?

pLL-Y
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MEDTRONIC, LAU .
ROGER and CHARLOTTE POWERS mmlmmmwnm

4411 38th Street
MARYLAND 20722
JUNE 2, 1975

MR. BERNARD SINGER, CHIEBP,

NATERIALS BRANCH,

NUCLEAR RECULATORY COMMISSION,

UNITED STATES ATOMIC ENERCY COMMISSION,
WASNINGTON, D, C., 20555.

Dr. Howard J. Larson

Acting Director

Office of Nuclear Material Safety and Safeguards
Nuclear Regulatory Commission

Washington, D.C. 20545

DEAR MR, SINGCER:

IN VIEW OF TME CURRENT CONTROVERSY CONCERNING PACE-MAKERS, Dot Fi:
I SHOULD LIKE TO EXPRESS My CONPIDENCE IN THE NUCLEAR POWERED
TYPES, ONE OF WHICH I RECEIVED IN PEBRUARY 1976, SINCE THAT Enclosed are comments on the Draft Generic Environmental
TIME, 1 HAVE PELT MUCH MORE SECURE THAN I DID WITH THE CONVEN- Statement on plutonlum pacemakers. It is our conclusion that
TIONAL PACER WHICH I HAD PREVIOUSLY. nucleAr pscemakers are not needed, There anxn?nnuchu -
pacemakers under clinical investi{gation with l!fetimes comparab
PROM WMAT I MAVE READ, I PEEL THAT MOST CF THE OBJECTIONS te or greater than thone of nuclear pacers. The claimed benefit
ARE DUE TO MONETARY CAUSES RATHER THAN PHYSICAL AND SCIENTIPIC. of the plutontiam parer, reduction in operative mortality, 1s

very small because the cperative mortality in pacer replacesent
is very small. The potential risks of the plutonium pacer are,

- E
g 8 on the other hand, significant.
\,-Lf Canuing_— '
« POYERS

There 1a therefore no reascn Lo permit commercial use of
nuolear pacemakers. We strongly recommend that the NRC refrain
CCsDR, N. P. D, SHYTH from licensing nuclear pacers Tor commercial use and from
supporting any further clinical evaluation of nuclear pacers.

SLL-v

Yours truly

Phone 301 9279210

Sidney M. ife, M.D.
Public Citizen Health Research
Group

-*

./ John Abbotts
Public Interest Research Group

LCG

HEALTH RESEARCH GROUP » 2000 P STREST. NW  WasinGron, DO 20036 « (202) 8720320
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Comments on Draft Generic Environmental Stat on
de- Use to Powared dlac

R
Washington, D.C.
Summary and Conclusions

As one of its last a ts of nuclear power promotion to the
detriment of regulation, the Atomic Energy Commission (AZC) recently
anncunced its intention to allow widescale use of nuclear powered
heart ucmhcrl.l This will commercialize a nuclear gadget which
will provide little, if any, value. The Generic Environmental
Statement (GES) which proposes wide-scale use of the plutonium
pacemaker suffers from the following inadequacies:

1. The GES omits an evaluation of the €ffects of production
and disposal of the pacer units, and does not adequately Justify
the omission.

2. The treatment and analysis by the GES of the dose to the
patient carrying a plutonium pacer appears tc underest imate the dose.
The dose to younger more susceptible patients is not evaluated.

3. In its benefit-risk comparison, the GES ignores as alternatives
two conv.ntional pacers which have lifetimes comparable to the
plutonium pacer. These conventional pacers have undergone clinical
investigation more extensive than has the plutonium pacer.

Even 1f conventional pacers have lifetimes no greater than six
years, electrcdes and wires may become the limiting components for
pacer lifetime. In this case there would be little advantage to the
plutonium pacer.

4. The benefits of the plutonium pacer are overrated bv the
GES. A major ju.tification for the nuclear pacer is reduction of
operative mortality. Recent studies indicate operative mortality

from pacer implantation may be negligible or, in some studies,

i - P S S—— T— A RN = .

nonexistent .

The case of the nuclear-powered artificial heart provides an
1astructive precedent for the nuclear pacemaker. The artificial
heart, an implantable plutonium powered pump, was finally &ssessed
for the National Heart and Lung Institute by an independent panel
after it had been in development for several years. At the time of
tise vane! review, there were no viable nonnuclear alternatives to the
plutonium powered heart. Nevertheless, the panel recommended against
the experimental use of the nuclear powercd heart in mf and
recommended that “"every effort" be spent in developing & nonnuclear
alternative. 3

Theie is experimental and observed evidence that plutonium
concentrations in the lungs of animals as low as 0.2 micrograms
produce cmcer.. The plutonium pacemaker will carry up to 500
milligrams (mg) of plutonium, The GES belleves the chances of
plutonium dispersal from a nucs =a; pacer to the general population are
small. Admittedly, the plutonium pacer will carry about one-hundredth
of the 50 grams of plutonium in the artificial heart. Nonetheless,
risks are still present.

A dangerocus consequence of commercializing nuclear pacemakers
is that it could establish a precedent for the proliferation of
other nuclear "gadgets”. The nuclear establishment has a host of
such gadgets waiting to be developed. Msms describes the plans
for auclear-powered wrist watohes, plulorius-heated diving susts, and
plutonium powered coffee makers. Such gadgets have even less
justification than the nuclear pacer. Thelr benefits are dublous and

nonnuclear alternatives already exist.

9iL-Y
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The commercialization of these nuclear gadgets would develop
8 whole subindustry dependent upcn the byproducts of nuclear rezctors.
Perhaps the justification for this subindustry is a pactial “"soiution”
to the waste problem by putting the byproducts to use. This scheme
would hardly solve the waste problem, It would merely disperse the
waste and increase “Yie potential for each individual of being

directly affected by nuclear reactor byproducts.

The inadequacies of the GES are discussed In greater detatl
below. This discussion will 4« -~ trate that the benefits from the
plutonium pacer are negligible or nonexistent, While there was no
alternative to the artificial heart, there are alternative cardiac
pacers which obviate the need for the plutonium pacer. There is
therefore no reason Lo pursue widescale use of the plutonfum pacer.
Because of the additional risks imposed upon society by a nuclear
pacemaker, 1t would be illoglcl] to promote that gadget's
commercialization.

The Nuclear Regulatory Commission (NRC) has the opportunity to
rectify the dying-gasp mistake of the AEC. The NRC should not
license the plutonium pacer, or any other nuclear cardiac pacemaker,

for widescale use.

Discussion of the GES
1. Omissions

The GES does not investigate the effects of production and
disposal of the plutonium pacer. The reason given for this is, "The
production of plutonium and controlled disposal of an)y associated

radloactive wastes are conducted as part of other licensed ¢ AEC~

contract operationgd’,and the amounts generated "would be small

compared to that which is produced for other m."‘

But the plutonium pacer will introduce production and disposal
effects that would not exist without the pacer. Widescale use of
the plutonium pacer will cause occupational exposures, which
otherwise would not have occurred, during j.oductlon of plutonium
and fabrication of the units. Eventual disposal of the plutomium will
be complicated by the retrieval of pacers throughout the country.
Disposal of nuclear waste from pacers will therefore be qualitatively
different from disposal of plutonium waste from other existing sources.

If the cost-benefit analysis of the GES 1s to be comprehensive,
it must include the occupational and environmental effects of
plutonium production and disposal. If these effects are negligible,
the OES must demonstrate they are negligible. It cannot minimlize
the potential ¢ffects by fiat,

2, Patient Exposures

The GES reports that pacemakers may contain as much as 500 mg
of platonium fuel.’ The calculated dose to a patient from a nuclear
pacer is based on a Battelle m;nnnn study with s unit containing
173.2 mg of plutoallm.. There are no statements that the 500 mg pacer
contains extra shilelding to reduce its dose to that equivalent from
the 173 mg pacer. Nor is there any indlcation that the calculated
patient doses have been corrected for an expected pumber of 500 mg
pacers. It must therefore be inferred that the 500 mg pacer has been
ignored in the ceomputation of pa*ient dose.

If the 0 mrem/yr whole body dose calculated by the GES applies
only to the 173 mg pacer, then the whole body duse for the 500 mg
pacer would be 200 mrem/yr, all other things assumed oqul., This
dose is greater than the recommended whole body dose to the "average”
person of 170 mrem per year. The GES should therefore indicate 1f its

L~y
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estimated patient doses reflect the commercializaticn of 500 mg pacers.
It is objectionable that the GES should evaluate the dose from

the plutonium pager by comparing ihe dose to background radiation.

There are few known ways to eliminate background radiation; while

man-made radiation can be reduced. The Artificial Heart Panel ouud:m

Potential public apprehension about the nuclear-powered
artificial heart must be considered in the context of existing
apprehension about the »xposure to radlation from nuclear power
plants, other atomic energy applications, and medical and dental
x~rays. Indeed, the radiation effects from the artificial heart
¢ not be considered 1n isolation, since the effects on 1ife are a
function of cumulative exposure to radiation from all sources.”

By the same token, the radiation from the plutonium pacer
cannot be viewed in isclation, and it 1s not soothing that the dose

from the pacer may be less than background. A more ressonable

perspective fov the pacer dose comes from comparing it with other

man-made radiation sources Similarly, the evaluation of the

pacer dose should examine how its contribution, along with the
contridbutisns of medical x-rays and other sources, will move the patient
toward the 500 mrem maximum nonecccupational dose or the recommended
170 mrem dose for the "average"person.

As an additional matter, Drs. Friedberg and Lilleheil have the

following comments on dose to susceptible patients from the plutonium

mt‘l

"The radiation dose in one year would give the patient's
skin a dose approximately egual to that recelved during one diagnostic
chest x-ray. However, the radiation dose to the skin is not really
relevant. The radicactive energy absorbed bty the btone (rib) and the
bone marrow may be higher."

"Lomparisons with 'cllowable' doses of total body radiation are

not valid. It may be argued that it is the younger patients who need

» very long-life pacemaker. It can also be argued that it is the
oungeter who is most sensitive to the deleterious effects of radiation.
t is precisely in the Jjuvenile age group that one will have the
longest possible time to develop potentially lethal alterations such

a8 leukemia or genetic defects which may follow into later generations.”

The GES does not address the apprehenatons of Dre. Friedberg and
Lillehel by evaluating pacer dose (o younger, more susceptible
patients.
3. Alternatives

The GES does not adequately address the nonnuclear alternatives.
The GES acknowledges that conventional pacemakers under clinical
investigation have potential life.imes of 10 years or more, The
clinical investigation of these allzrnatives has been more extensive
than ¢li~ical investigation of the plutonium pacer. bBut in.its
benefit-risk analysis, the OES ignores the longer-lived alternatives
and compares the plutonium with a hypothetical six-year coaventional
vattery. If the comparison had been with the lithium-icdide or
rechargeable batteries, the JES might have reached the scientifically
supported conclusion that Lhe plutonium pacer 1s unneCessary.

a. Lithium-iodidy battery

The lithium-1odide pacemaker is an attractive alternative for

12

several reasons. The pacer has a salt crystal, not a corrosive

liquid as its electrolyte. The.reaction which generates electrical
power does not generate any gas, which allows the unit to de
hermetically sealed. The chemical capacity of the lithium pacer is
roughly 4 times the capacity of a mercury battery. The lithium pacer's
efficliency 1s also increased at body temperature.

The principal problem with the lithium pacer is a gradual
buildup of internal reristance. Pallure of the cell will therefore
occur gradually, which could be viewed as yet another advantage over
other cells which can fall catastrophically. At the extreme buildup
that has been observed, elective replrcement of the lithium cell will
occur at 87.5 months (more than 7 years) for a demand pacer, and at

125 months {more than 10 years) for anasynchronous (fixed-rate) pacer.

8LL-Y
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The elective replacement point 1s based upon replacement at a
battery voltage of 1.9v, which voltage would sti1ll allow the battery
to operate effectively.

The extreme internal resistance buildup, on which the projected
1ifetimes above are based, is 400 ohms per month. The Zverage in
earlisr cells is 150-250 ohms per month, and & more recently developed
cell has a bulldup of only 50-150 ohms month. It is therefore more
than reasonabi:s to expect that the lithium pacer c¢ould have a
lifetime of ten years or more. At ths time the GES was written,
the 1ithium pacer was under clinical use with 3500 p-tunu.n which
represents a greater investigation than has been undertaken with the
plutonium pacer.

Another alternative which would reduce the requirement for
reimplantation operations would be 8 rechargeable pacemaker.

As the 083" acknowledges, one rechargesble model ts 1n
clinical use in over BOO patlents. The GES also acknowledges that
95% of the rechargeable units nay last ten years. Another advantage
of the rechargeable pacer is that its size and design allow an easler
implantation operation., The rechargeable unit is small, and the
connection between the lead and the pulse generator can be made with

a 720-degree twist. The connection does not require tools,

lubricant, or ties as do other units.15

The GES apparently dismisses the rechargeable pacer as an option
because of the contention that elderly patients cannct be expected
to recharge thetr urits., Vhile it 135 foubtless trge that some patlents
might be so senile, to extend thie tu a generalization for all elderly
patients would be nonsense. Elderly persons routinely adrinister

digitalis and variable self-calculated doses of insulin to themselves.

There is little reason that they could not be expected Lo recharge their

pacers.

According to persons involved with the rechargeable pacemaker,
experience has not supported tiiz GES contenticn on the inabilities of
older patients to recharge their pacers. 1200 Pacesetter rechargeable
units have been implanted thus far, and there supposedly has been
"o known problem™ with patients recharging their units on n-.“
Moreover, the Pacesetter unit actually contatns £:8 geoks oF Chauge.
Recharging 1s recommended weekly, at home, for a 90 minute period.

It would take an extremely irresponsible person to neglect weekly
charging for a time sufficlent to endanger himself.

Even if experience showed that patients could not be expected
to recharge their buiteries, there are other measures that could be
taken. There are jresently pecemaker clinics in several locations
around the country. These clinics were set up to check on the proper
functioning of pacers. At & regular interval--typically 1 month
to & months, depending on the age of the pacer, a patient reports
to the clinlc to have hls pacer’s functions examined. This practice
18 reduced the number of operations for emergency reimplantation,
and Lis allowed implantation operations to be delayed until the
beginn ng of pacer malfunction are indicated, 17-19

For patients in remote areas, a telsphone pacemaker monitoring
system has been used. The pacer discharge and pulse are monitored by
a sound-gsensing device connected to the telephone system. A periodic

cali allows the clinic to check the pacer operation over the M.M

It should be expected that a telephone system could be used
to meet the problem of forgetful patients., The cliniec could by
telephone remind the patient to reocharge his pacer and then monitor

6LL-Y
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the pacer to insure it was operational. Alternatively, existing
clinics could be expanded to reguire that the weekly recharging be
performed at the c¢clinic. Another measure could be to reguire the
patient to recharge his pacer at the offices of his doctor or hospital.
o. Hardware
Ancther area that offers much potentlal for increased
conventional unit 1life i1s the improvement of electrodes and leads,

23-26 _nich show how improvements in

There are several references
electrode design and placement can reduce the drain on the battery
unit, therefore increasing battery life.

On the subject of hardware, it appears that with longer battery
lives, the limiting factor in replacing pacemaker units could become
fallures of leads and electrodes. Although this problem does not

27

appear to have bheen evaluated in detall, one reference SugFests

that leads and wires may not last as long &s ten years. Another

nhm«”

goes so far to state that leads and wires will not be
durable enough for 5 and 10 yel, batteries.

If electrodss and wires will in fact become the lim'ting factor
for batteries of greater than 5 years life, then there 1s no rea. ~
to use the nuclear powered pacer until there is a substancial
improvement in the technology of this limiting hardware. The
Justification for the plutonium pacer, which is a reduction in
smplantation operations, will vanish. Limits in wires and electrodes
will result in the same operation frequ ncy for & plutonium pacer as
for a coaventiocna. pacer of spprosinately six years 1ife. While
the patient with a piutonium pacer will not reduce his operation
risk, he will subject himself to significantly greater radiation
risk, Widescale use of the plutonium pacer in preference to the six

e i e - e,

10

year conventional pacer would thus re foolish without an improvement
in wire and electrode lives. The time necessary to bring about
these improvements might also result in conventlonal batteries which
would make the plutonium pacer even more ohsolete by comparison.

The great strides recently made in the 1ifetimes of conventional
pacers are striking. The lifetimes of older mercury batteries were
generally in the range of 18-36 months. Only recently, mercury
pacers with 5-6 year lives have been developed. The past few years
have also brought the development of the rechargeable and lithium
pacers, which have great promise of ten year lives, It is entirely
conceivable in the next few years, the so.ae L'me which will probably
be necesgsary to develop more durable wires and electrodes, that andther
breakthrough in conventional pacer lifetime may occur.

In fact, the dramatic breakthrough in conventional pacer

lifetime may have already occurred. Two patients have been implanted

ozZL-v

with a hermetically sealed, low-draln, recharpeable mercury-silver
battery. Although recharging [ kes place every two weeks, the battery
should last J years without recharging, and the projected life span
of the unit is 20 years.23+?9:30
In summary, the GES has not adgquately considered the
conventional cardiac pacemaker units available. Had the GET done so,
it would have concluded that the plutonium pacer 1s unnecessary.
4. Cost
From the standpoint of cost, it makes more sense to use &
nonnuclear pacer. The GES shows that initial implantation of the
plutonium pacer costs $7250. Cumulative costs of conventional
pacers are $5800 Lhrough the first replacement and $8150 through the

second replacement. 31
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with the transthoracic metnod would be lower.

In summary,an experienced surgical team using modern techniques
can perform the pacemaker reimplantation operation wiith very low
risk to the patient. The benefits of the plutonium pacemaker in
reducing operation frequency are similarly very low. It can therefore
be shown that the beneflits of the plutonium pacer relative to other
pacemakers with non-nuclear energy sources are practically zero.

The risks- even those admitted by the GES-are significant. It thus

makes no sense to permit commercial use of nuclear pacemakers

e e T
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173 mg pacers are the same.

10, Heart Panel, p. 131

11. “"Progress in Pacemdker bongovu ",b. Friedberg
R.C. Lillehei, J. Electrocardiol. 97-!00 {Pet l’?.!

12. The general iInformation on the lithium iodide pacer
comes from ™A New Solid-State Long-Life, Lithium-Powered Pulse
Generator”, R.C. Lillehe! et al, Ann. of Thor. Surg. 18: §79-489
(Nov 1974) and from the reference in footnote 11,

13. OES, p. -4

14, OES, p. U-4

15, "Early Clinical Experience with the Rechargeable
Cardiac Pacemaker™, K.B. Lewis et al, Ann., Thor. Surg. 1
30-403 (Nov 1974)

16. Communication with Dr. R.E. Pischell ,The Johns

Hopkins University Applied Physics Laboratory, Silver Spring,
Maryland, March 3, 1975,
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17. "Prediction of Impending Pacemaker Pallure in a
Pacemaker Clinic®, V. Parsonnet et ai, Amer. J. of Card.
25: 311-319 (March 1970)

18. "A Decade of Permanent Pacing of the Heart™,
V. Parsonnet, Cardiovascular Clinlecs: thmias, Vel. .2,
No. 2, F.A. Davis g.. Fﬁl’hﬁ%min. 1955. P ﬁl-l”

19. " A Regional Network of Clinics for Analysis of

Implanted Pacemakers", V. Parsonnet et al, ca&u;e Arsg*thlggg,
L.8. Dreifus and W. Likoff, eds, Grune & Stra on, ork and
London, 1973, p. 635-649

References 20-22 describe the telephone monitoring systams:
20. ™ The Actual Lifespan of Pacemakers”, D.P. Morse et al,
Chest 64: 458-458 (October 1973)

21, " The Pacemaker Polluw-up Clintc®, S. Purman et al,
Prog. in Cardiovas. Diseases, 14: 515-530 {March 1972)

22. "The Pacemaker Clinic", H. Mond et al, Cardiology
57: 262-276 ( 1972)

23. "The advantages of transthoracic placement of permanent
cardiac pacemaker electrodes", G.F.0. Tyers et al, J. Thor.
and Card. Surg 69: 8-14 (Jan 197%)

24. "Clinical evaluation of new pulse generator with narrow
pulse width for conservation of battery ensrgy", N.P.D. Smyth
et al, J. Thor. and Card. Surg. 68: 471-478 (Sep 1974)

25. "Comparative stu-les of 'state of the art' and
presently used clirical cardiac pacemaker electrodes™
6.F.0. iyers et al, J. Thor. and Card. Surg. 67: 849-856
(June 1974)

26. "The clinical application of low-output pacemakers”,
?a.zorlntor);nd P. Tarjian, J. Thor. and Card. Surg. 64: 935-940
972

27. "The Ideal Permanent Pacemaker®™, 0.J.W. Escher et al,
Cardiac Arrtiythmias, L.S. Dreifus and W. Likoff, eds, Grune §
Stratton, 5;- aork and London, p. 607-617

28. "The natural history of pacemaker wires", V, Parsonnet
et al, J. Thor. and Card, Surg. 65: 315-322 (Ped 1973)

29. “"New picemaier goes ui. and un", Medical Worid News,
16 No.3: 26-27 (Peb 10, 1975)

30. "Preclinical testing of a redundant, rechargeable
cardiac pacemaker™, G.F.0. Tyers et al, J. Thor. and Card.
Surg. 62° 763-768 (Nov 1971)

i i

16
31. GES, p. A-1%

32. Sece Testimony of Sidney M. Wolfe, M.D., Public Citizen
Health Research Group, before Senate Health Subcommittee,
September 14, 1973

33. "Ten-year Survey of Treatment with Implanted Cardiac
Pacemaker”, E.Sowton et al, Brit. Med. J. 3: 155-160 {(July 20, 1974)

34. "Pour hundred consecutive patients with permanent
transvenous pacemakers”, E.P. Conklin et al, J. Thor. and Card.
Surg. 69: 1-7 (Jan 1975}

35. Prof. Dean Abrahamson, School of Public Affairs,
University of Minnesota, Minneapolls, unpublished evaluation.
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March 7, 197%

7 3// 3
Deputy Director for Fue' and Materiasl 4
Director of Licensing

United States Atomic Energy Commission
(Fnerpy Resources Development Agency)
washington, OC 20545

Gentleman :

We urge you to extend the deadline for comments on your
generic eavironmentsal statement on wide scale use of
plutonium powered cardisc pacemskers invited in your
communication of Janusry 17, 1975, Ne. U-30, Comtact:
Clare Milea, on the following grounds:

L. We have received relisble (ntormation that comments
were solicited almost exclusively from internsl
fovernment bureaus, companies in the nu lesr industry
and the Associstion for the Advancement o. Medical
Instrusentetion.

2. This will represent the first general licensing of
plutonfum,

3. The plutonium-238 to be used is estimsted to be 280
times more active snd hence more toxic om the basis
of specific sctivitv than plutontum-239 which te
conceded to be smou the most toxic substances known
to man.

4. Specifically, the medical community has not been
informed concerning this spplicetion and its
ramificetions.

3. Your envirommental statement does not comment on
fluton‘um toxicity 1~ mwn.

6. Glven the slmost zerc mortality rete sssocisted with
the skin-flap surgery required for retmplentstion

Deputy Director for Puels and Materisle
Page 2
March 7, 1975

of power sources, the dublous bensafits of this power source, if say,
are entirely outweighed by the following riske:

#. Each carrier patient whom you propose to identify by vrist baod
could become the target of terrorists or other reckloss groups
intent on procurement of the saterial.

b. The half gram of PU-138 with its nearly eight curtes of radistion
can be dispersed in o pulverized form by . chesp explosive device
(e.g., dynamite) with s potential of thresten'ng learge nusbers of
people. For exsmple, each pacemaker's plitonium could contsminate
two squere miles of urban lond suffiicient to require evecustion.

¢. Furthermore, sntisocial slements could eastly impose carcinegenic
levels on large populations by relessing the material through the
ventileting systems of large Institutions (New York Trade Center,
Pentagon, ete.).

4. Since pacemaker installetion often requires em rgency delivery,
rulings could follow which would permit air transport of these
materials, thus enhancing the risk of sirplene hijecking.

e. Given 100,000 cardisc pacemaker wesrers in the United States snd
the goverament's {ntent to permit the implementation of 1,500
plutonium-238 pacemakers and in the context of the risks mentioned
#bove, one must sssess the terriorist-risk to each individusl

sZL-v

pacemaker carrier against tional p ax currently io
use which we belixve to have & high degree of efficacy end long-
1ived power.

It should particularly Le noted that pacemsker fatlure currently relates
wore to considerstions axclusive of the power source such ss electrodes
bresking or falling out then it does to the power source.

For these reasons, we feel compelled to insist upon & broader discussion of
these issues in the medical wend scientific communities with full disclosure
of all remifications of this issue ss required by the National Eovirommental
Protection Act of 1970,

Sincerely yours,

o € DG

#llem O, Nedlear, », 0,
Execut ive Vice-Chairmen

i
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Febryary 10, 197§

Bernard Singer, Chief
Materials Branch

Directorate of Licensi

U. S. ATOMIC ENERGY COMMISSION
Washington, D. C. 20%4S

Dear Mr. Singer:

Thank ydu for your Tetter of January 16th enclosing the copy
of the AEC Environmental Statement on Plutonium powered cardiac
pacemakers .

| apclogize for the delay in answering your letter but !
have been 111 with the flu for the past ten days.

[ read the statement from cover to cover with great interest.
There are of course sections of the report that are outside my
fleld of competance but | think you have provided an excellent
assessment of the impact of the Plutonium powered cardiac pace-
maker ¢n the general 1ife of people in this and other countries.
I am glad to see that the Agency concludes that the Plutonium
powered cardiac pacemaker shouid be released for general use subject
to the reasnnable requirements of accountability, recovery and disposal
of the Plutonium and the appropriate follow-up of those units
implanted during the investigationa) phase.

Ia with the statement in your report that the use of these
units will undoubtedly increase significantly following general release.
Their exact place in the field of pacemaking can only be established
after longer clinical experience with the units. | think that most of
us who are active in research in the pacemaking field believe that al)
types of pacemakers shoulc continue to be used and developed to their
utmost. My own ?uus is that the Mercury-Zinc battery has probably
reached it's maximum development and we will have'to look for longer
life to alternative chemical battery such as the Lithium lodide,
Souium Bromide, the re-chargeable battery, etc. attractive tning
about the Plutonium battery is that we have no ts about it's
longevity!

Mr. Bernard Singer page two February 10,

Agaic, thank you for sending me & copy of the Environmental
Statement. [t {s a monumental work and | congratulate you and all
of you staff on the work done to produce such 3 comprehensive and
excellent document.

Kindest regards.
Yours sincerely,
(T~
[ 2
NPOS: §p Nicholas P. D. Smyth, M.D.

197§
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Director of Licensing

Mr Bernard Singer L T

Chief, Materials Branch .} s 9 June 1975
Nuclear Aegulator Commission - (/g

U5 Atomic Energy Commission » -

Washington, D. €. 20558

SUBJECT:  Plytonium Powered Cardiac Pal

After much advice and consultations with Or. Nicholas P. D. Savth (my
Physician) T was operated on the third of Dctober 1974 for the implanting of
& nuclear pacemaker. Prior to the operation | researched Titerature, talked
with other persons who had heart pacers, and came to the conclusion that the
nuclear pacemaker was far superior to the conventional demand type .

Subsequent to reading the report prepared by the Health Research firoup,
and discussions with my doctor | find there fs 2 move on by some people who
are opposed to the nuclear pacemakers and who feel that the nuclear pacemakers
are 3 potential hazard and should not be marketed commercially. In al)
probabiiity the majority of the persons commenting on both the impact to the
environment and the patieat have little concern for or a vested interest in
the potential recipient. They are just commenting because someone has indicated
that there is a potential danger because the pacemaker i3 powered by plutonfum.
They also feel there is a slight chance for rupture and there maybe some
potentiy] adverse impact on the environment or to the recipient. | am confident
that there is no chance of any rupture and thus no impact on either the
environment or the recipient.

With the conventional demand pacemakers ! was always ltght headed, not
able to work at my job regurarly, and unable to perform even the lightest house-
hold chores without fully utilizir, aiy ¢ my enerqy. My heart be:® was irreqular
blood pressure low. 1 had thre (1) demanc type pacemakers implanted over a
period of two years and one month. The conw ntioval pacemakers never worked
properly, thus | was unable to get around ana feal free to perform norma) routine
duties, | constantly worried and was under exireme ments) strain. Each s heduled
operation was nerve wrecking, and required a period of up to three {3) weeks for
convalenscence ir ntensive care units.

The nuclear pacemaker operation was less arduous, and | was able to be out
of bed and walking the same day. The fifth day | was able to go home and drove
to church the following week-end. Just knowing that the nuclear pacemaker will
Tast approximately twenty (20) years and that you will not have to endure
another operaticn improves one's mental attitude, thus causing Yess strain on
the heart. Even though the initia) total cost for the nuclear pacemaker 1s more
Chan the conventional one, | feel there is a savings aver the long run by not
having several operations within the twenty (20) years 1ife expectancy of the
nuclear pacemaker. The toial cost for the thre (3) previous pacemakers had cost
«pp.ox mately £20 000 wier2ay *le cost of ihe nuclesr one wus spprosimately

10,000,

In relation to the conventional pacemaker the nuclear pacemsker is
mach lighter, and | hardly realize that | am carrying it arownd. | am
convinced that there is no potential danger from radicactive discharge.

In my opinion there 15 no risk imposed upon society by the muclear pace-

maker, and * would recommend the nuclear cver the conventional

type to any potential recipient. Disposal creates no problem, since after
demise of the recipient the device is removed and returned to control

of the AEC. This is accomplished by a written agreement between the

recipient and the AEC.

[ fully realize that great strides have been made and are continuing
to be made in the Research and Development to improve the 1ifetime expectancy
of the conventional pacemakers. |f and when thev develop a mom-nuclear
pacemaker whose 1ife span 1s equivalent to at least twenty (20) years of the
nuclesr one, then one could make a realistic decision in choos ing between the
twe pacemakers. Also, 1 am aware that there 15 a mortality risk in the nusber
of repetitive operations which must occur in the implanting of the conventiona)
pacemakers, and further there s sti]} Research and Development to be accomp!ished
=ith regards to the nuclear pacemakers. From personal experience, all in al), 1
am convinced that the nuclear pacemaker is far superior to the conventional
types, and [ would wholeheartidly recommend any potential recipient,

LOYETTA €. WHECLBARGER
4410 Oglethorpe Street
Hyattsville, Md. 20781
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06 March 1975

Mr. Melvin W. Schupe
Materials Division

U.S. Atomic Energy Commission
Washington, D.C. 20545

Dear Mr. Schupe:

Thank you for the opportunity to study and comment on yourrecestly released
draft “Generic Environmental Statement oo the Wide-Scale use of Plutoniue
Powered Cardisc Pacemakers. '

This drafr Is an exceptionally detailed and lucld statement of the pros and
cons of nuclear pacemakers. ! am in agreement with your conclusions and
also with the reasoning which led you to those cooclusions.

1 have made some comments, most of which concern typographical errors in the
draft (such as the spelling of my name, sic!) and the updating of iaformation
on various chemicsl batteries. None of these comments have any significant
tmpact om your conclusions. They are as follows:

p (ix) under g. and h. I find 1t hard to believe you can track # patieat
through a data bank for a year for 510 and then recover and dispose
of his pacemaker for §80. 1 know we couldn't do it for twice that,
but you have experience to draw on and we do not.

-+

pixzin) F3 WCL-d. does oot manufacture p s, only p power
sources.

pi-2 H8 ). "Greatbatch"

pl-3 Il This sentence implies that KMl group ? sercury cells have

twice the chemical capacity of EMI group 1 cells. 1 suggest the
following wording "lxproved mercury batteries with the same
chemcial capacity but claised to have about double the previous

lifetine. ..
pa=5 17 seggisr ¥ .. an! wader ray cradible accident.. ~
p2-19 820 sp. "followed"
pe-3 Fl7 The term “directly excite” leads to confusion with direct

charge collection systems currently being discussed for trivium bat-
teries. | suggest the foliowing wording “...promethium 147 impact
on a sesicomductor...”

e e R ———

page 7 - Schupe, 06 March 1975

ph-& HY suggest deletion of word “well™. We currently do sot make
any statiscical claims beyond six years.

b B  Suggest ... iovestigation , as reported by the manuisctures,
indlcate....". 1 am not aware of sny Independent clinical repoits
that suggest this.

ph-4 last line change to "1200 of these pacemakers are now in use
with only two failures teported to date™.

pa-S sec 4.2.5.3. 1 think the sodiam-bromine battery could sat+'y
be deleted (rom your environmental statesent. We hear mothing
wore of this cell and & recent paper: Powers, R. and Mitof! S.
An analveis of the impedance of polycrystalline beta alumina.
J. Elestrochem. Soc. 122,2:226 (1975) suggested the discovery
of some ‘undamenca! probless fnvolving cracking ¢ lhe sub-
strate by sodium peoetration.

Your envirenments] sta’esent should probably confine itself to systems
which have at lewst seen some clinical use. By this criteria however, you
may wish to say something about the GE zinc mercury battery which is in
clinical use, although GE is quite secretive shout reporting cliatcal
results, to date.

p3-33 under 3.7 | agree that cremation represents the most iikely
release incident.
1t is encouraging to see the change from plutonius-scandium alloy
to the oxide. Perhaps it might de well to rote that there are
stil]l about 1000 older plutonium-scandium units in world-wide
use. My feeling is that these units probably should not be
reimplanted but should be replaced with oxide fueled units snytime
the clinical opportunity presents itself. Similarly it would
probably be worthwhile to spend three or four times the effort and
funds to agressively follow these units through the patient's
lifetime to insure eventual recovery. The risk of dispersions is
slight fi elther case, but greater in the case of the alloy.

Simllarly, the study should include the risk to the downwind
population from cremst ion of a mercury-powered unit. My feeling
15 that this is a very serious matter that has received no
attention whatscever in the literature.

pi-5 A common objection to nuclear pacemakers is the remote possibility
of long-term genetic effect from the low-level radiacion. Actually
4 telling argument is available to you here. Jet crevs and
Colotade residents get more radistion then do pacemaker patients.
To wy knowledge, no adverse genetic effects have ever been reported
for either group and loag-term data is certainly available for the
Tat er. Th's “ep-eren's -os‘tive svidesce that lorg-"ers gemetic
effects are not present.

R R R R R R R RO E=ESS——————
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page 3 - Schupe, O0& March 1975

pe-12 1t might be more convincing to actually calculate and show
the confidence levelr of the Medtronic nuclear test. Using
my own binomial expansion versiocs of Rosenbaum's criteris:

Pe)- .;T.-‘ o (1-py

For 272 pacesakers accusulating IJN mmhtﬂ-tu’ with one failure:
-y
P= ,-'ﬁ’_"_”"'("“__)(l- .uu’f”“ = 1-loras 000t 9.3}

For 642 pacemakers accumulatiog 4488 paceraker-months with coe
failure:

» - i
Ps |- 5 Looors(e4ss)) (;--o"ts«“ P2 |- (- set e 000)2 995
e rro. '

“~tHank you for the opportunity for reading this report and comsenting on it.
It is a good report that clearly and opealy presents all the risks and
benefity that 1 know of I can find no serious feult with ft.

Respect fully,

WILSON GREATBATCR LTD.

— - ”
'7Mémm
Wilsun Creatbatch

Fresident

WG /af)
eacl.

The following enclosures were submitted with letter No. 15 and are available
for examination in the Nuclear Regulstory Commission Public Documsnt Room,
1717 ¥ Streer, Washingtes, D.C.:

. K. W. Powers and 5. P. Miteff, "Ao Analysis of the lapedauce of
Polycrystalliine Beta-Alumina,” 1. Electrochem. Soc., 122: 226-231 (197%).

2. Linear Randow Failure Analysis, "Reliability Considerations,” (no other
reference giveun).

62L-v



The following euclosures were submitted with letter So. 1 and ave svailable for
examination in Che Nuclear Regulstory Commission Public Docusent Room,

Acting Deputy Mirector for Fuels and Materials
Cirectorate of Licensing - Regulation

U, S, Atomic Energy Cosmis

Washingten, D, €, 205LS

fear Sir:
Flease add this letter to the file of public comments on the "Ireft

Generic Bvironmental Statement on the Wide<Scale Use of Plutonium Powered Cardlae
Pacemakers,” dated January 1975 (deadline for public comments March 12, 1975).

The half-gran of 908 plutonium-238 dloxide proposed for emch pacemaker
6,82 curies of alpha activity, the equivalent of about 110 grams of
Plutonium-239, This quentity is more than ancugh, if deliberately dispersed in
the air conditioning system of a large skyacraper, to give a certain lung-cancer
dose to all occupents within sn hour. It 1, moreover, enough to btring 2,1 square
miles of a city %o levels requiring some evacuation and cleasup., These conclusions
are straigntforwsrd deductions fram Table 2-2 of Nuclear Theft: Riss and Safejuards

by Mason Willrich end Theodore 5, Taylor (Bellinger, I0TL, 5. 250,

The draft envircnwental statement proposes thst 1500 or more pacemaker
recipients go about their daily affeirs wesring a recuired identification bracelet
notifying observant criminals that they besr such a "radiceciive Facesaker® In Tair
chests, This is eculvalent %o sending enyreved invitations to underworld figures,
inviting them to deeds which are not the lesst bit impossitle for their teing une
speskadle, Thr emcapsulation of the ceramic Fu-238 in tantalum and titenium would
matter only slizhtly to murdercus criminals or terrorists, who following extraction
could resdily grind up the plutonium battery core for disperssl, utilising an
improvised glovebox,

The ¢raft envirormental stetement is cevold of any safeguards ciscussion
for this "fiendishly toxic® isotope, despite recognition therein that it s too
hazardous even to permit its burial with a decessed pacemaker patient, This whole-
sale avoidance of the safegusrds ouestion represents a contemptitle and intolerable
viclation of publie trust and responsibility—though not the greatest such viclation
among nuclesr promoters, It is my devout hope that recidess stomic gadgeteers
wHose visionsry proposed uses for ultratoxit nuclides are accompanied ty nuf-‘ctd
blindness for their criminal uses, shull be decisively stopped grior to large-scals

N societhdl tragedy, To this end, total rejection of the proposed plutoniume?38 pace=
™~ maker program is absolutely mandstory, The draft environmentsl statement concedes
= thet “Wi involving one pacemaker could cost §$250 000 to clesn Wp
et .m—qum«duumwua.m!umm
AL e
o Pnclosures L. Douglas , Pn.D,
Vico-President

= Loy Angeles Chapter 2315 Wesrwood Boulevard / Sue I / Los Angeles, Colifornio 90064

s

Telephone 213 /474.2154

1717 B Street, ¥ashingtom, D.C.-

'

Affatrs, 1974,
2. L. D. DeNike, Public lnterssc Report: Wuclear Terroriss, Enviroosental
Alert Group, Loc Angeles, California.

L. D, DeNike, “Radicactive Malevolence,” reprinted from Scisace and Public

oEL-Y



™~
R

-

i e e

Honorable William A, Anders
Chatrman

United States Nuclesr Reguls*-ry Commission
Weshington, D, C, 20555

Dear Colonel Anders:

Enclosed i my conception as to how a nucl cardiac pacemsker
battery could be fairly sisply transformed into s rediclogicsl terrorism weapen
more powerful than any employed to date, I do not ask for comment as to its
technical accuracy, nor can your agency derive much comfort if 1t indeed has
specific flaws, It illustrates a gemeral truth which the underworld is certain
to seize upon, Were this not obviocus, I would not have writtem it,

Bat such poseibilities must be reised now, before the pacemaker program has
proceeded any further, We imrs forget the intellectual resources sometimes
reflected in {1legal deads. Witness the mass manufacture of hersin snd other
sophisticaved danzerous drugs. Witness the successful passage in Munich, Oermany
of three false 100Twsark notes forged entirsly by hand, using only s pen and ink
(Los Angoles Times, Pebruary 21, 1975), And witness L@ cecond omelomurs, con-
talning news nporta of six actual thefts of radicactive material.

If the Nuclesr Regulatory Commission iz to rise from the level of profeund
public dirtrust it lnherited from its predecessor agency, it must decistively
terminate the pintonium-238 heart pacemskor program, and all cther such trivial
spplicetions, It must launch a troad review of other uses involving large quant-
ities of long-lived radicsctive material (such as industrial gauges, rediother-
apeutic pamna sources, and food irradlators), to end their vuinersbility both to
theft and ta torforh{ digpersal in sita vttﬁ explosives,

As crime levels mount, I would hope that your sgency would gee the handwriting
on the wall, There is precions little enjoyment to me in circulating formulstions
such as the enclosed ™terrorism recizie,” It has heen financially burdensome for
me to set my carecr aside inm order to combat the idelatrous naclear religion, But
ouwr national safety, and your sgency's survival K both depend upon a much tighter
rein being helc on uses of long-lived radiotoxic materials, So I have no
¢chotce but to continue to publicize vulnerabilities as I encounter them, and you
have no cholce but to sct swiftly snd decisively in the public interest by elim-
inating these vulnerabilities,

a414 Very truly yours,
Enclosures
Copiess Commissioners L. Douglas DeMike, Ph.D,

les Asgeiss Chaprer: 7315 Westwood Boclevord 7/ Sute I/ Loy Angeles, Caldormw vOUSE

Telephone 213 /474 2154

The following enclosures were submitted with the DeNike letter (dated Mar. 19,
1975) and are availadle for examination 1o the Nuclsar Regulatory Commisaton
Public Document Room, 1717 W Street, Washingtom, D.C.:

1. "Cestum Sources Stoles, Found: Damage Reported.” Nuclesr News,
Fabruary, 1975, .

2. L. D. DeNike, "How to Convert a Flutonius-Powered Heart Pacemaker iste &
Terrorism Weapoo Capable of Naking up to Twe Square Miles of Any
Uninhabitable,” Zere Populatiom Growth, Los Angeles, Califorais.

3. Excerpt from article (no title given) beginniag "A suslesr power plast
techmician.. " lLos Angeles Times, Jenuary 23, 1975,

4. FBI Fears Kise of A-Threats,” Los Angeles Times, Jenuary 4, 1975.

5. "Much Urantum Missiog from Plasnts, Paper Savs.” Los Angeles Tises, Decesber
30, 1874,

6. "Sucleat Device Threatens Thief,” AP dispatch, June 8, 19M4.

7. Public notices, Sen Francisce Bxaminer, August 14, 1974,

§. "Radioactive Needle Sought after Theft Suspect s Arrested,” Los Asgeles
Times, November 28, 1974,

§. "Radicactive Plates Stoles from Lab,” Los Angeles Times, October 3, 1974.
10. "Smuggies Urantum....” Zovironmest, Decesber 1974.
1l. WIOF News Release, WIOF News Kadio, Washington, D.C., October 25. 1974,

iZ. (There were three entries dealing with theft of tuclesr waterigls — all three
were untitled and references were not given.)
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POPULATION GROWTH

April 16, 1975

-

Thank you for your letter of April 8, ststing thet the pos-
sibility of misuse of Luclear material in the proposed plutoniumepowered
cardisc pacemsker "will be dealt with definitively in the final (enwircumental)
statement,*

Sursly a definitive discussion of this topic would include
asseament of the hoalth effscts and termeasures for a release of & curies
of respirable ? particies on & workday noon in the downtown ares of &
major metropolis, Surely a definitive treatment would also discuss “he problem
of a similar contaninative release within an office building or factury, together
with the dislocation, expense, time losa, manpower, and equipment reqv.red for
decontamination to the ertent decontamination is possible, which should alse
be rtated, Surely a Sefinitive discussion will involve declassificetion of
the government's secret studies on the effects of plutoniue contamination in
urban sreas,

A definitive trestment will no doubt suggest an "informed con-
sent® form for the prospective pacemaker recipient alorg these lines: "No re-
sponsibility is assumed in the event that the patient is kidnapped and/or killed
in connection with the blackmail/terrorism/illicit sale value of tie plutoni-m
in this device, The .8, government certifies the honesly and security measures
of all radicactive pacemaker manufscturers, transporters, hospitals, mortuaries,
and waste disposs) sites which may be invoived in the fuel cycle for this psces
maker, The recipient gusrantess to wear ‘the required identification bracelet
st all times, despite its cueing potentlial for possible malefactors, or else the
device will removc | a8 & penslty (what other penalty is F"’.‘O").'

I am not simply being facetious, Precedent for frank inclusion
of these matters, implicit under the provisions of NEPA, includes Vol, L, pe ¥=
L3 and L9 of GESHD (WASH-1327, August 197k), snd Vol, IV, p, Teu=15 of the pre=
posed final WSHISY (Jeeomber 19748): "I trs parposc 15 t> forve cvecustica
of the building or costly decontamination with minimal injury to personnal, 1 g
(of plutonium, isotgpic eomposition unspecified) uniformly scattered on the
20,000 to 100,000 n“ of floor area would be sufficient,®

P Doyl Do N
cer Asher J, Finkel, M L. Douglas feNike, Vice-President
Los Angeles Chopier. 2315 Westwood Bovlevard / Sute I/ los Angeles, Culforma 90064

Telephone 213 /474 2154

he tollowing enclosures were submitted with letter No. 41 and are avsilable
for exasination in the Nuclear Regulatory Commission Public Docusent Room,
1717 # Strest, Washington, D.C.:

1. €. E. Gleit, excerpt fros letter to W, Morris re: DeNike's "How
to Convert...,” March 26, 1975.

ra

“Nuclear Energy it Costs Too Much,” (no referance givem).

. "Bispersion of Plutonius,” Ceneric Environmental Statement on Mixed Cxide
Fuel, August 1974 (with annctations).
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Appendix B
INTERIM SAFETY GUIDE FOR THE DESIGN AND TESTING OF NUCLEAR-POWERED CARDIAC PACEMAKERS

8.1 GENERAL GUIDELINES

This interim guide® for the safety design and testing of nuclear-powered cardiac pacemakers
supersedes the interim guide dated July 1972 and incorporates changes based on experience and
information obtained since that time and on the Nuclear Energy Agency's (NEA) August 23, 1974
draft interim standard for nuclear-powered pacemakers.

This guide is intended to assist manufacturers and distributors of nuclear-powered pacemakers
and nuclear power sources for pacemakers to be implanted in humans for investioational purposes.
A separate guide entitled "Guide for Licensing the Investigational Use of Nuclea.” Powered
Cardiac Pacemakers"” describes the clinical information that should be contained in a proposal
for investigational use in man.

These standards are subjec. to review and amendment as additional experience and information is
obtained in the United States .nd other countries.

B.1.1 Information to be submitted (12 copies)

The pacemaker:
1. Model number or other specific designation used to identify the pacemaker.

2. A complete description of the pacemaker including (a) annotated drawings or sketches that
describe all materials of construction, dimensions, methods of fabrication, and means of
mounting the fuel capsule in the device; and (b) a detailed description of all design
features that protect the fuel capsule from abuse and minimize radiation levels assor "ited
with the device.

Battery and battery housing:
1. Model number or other specific designation used to identify the battery.

2. A description of the battery and battery housing including annotated drawings or sketches
that describe all materials of construction, dimensions, methods of fabrication, and
sealing of the battery housing.

Fuel capsule:
1. Madel number or othe specific designation used to identify the fuel capsule.

2. Descr stion of the nuclear fuel, including all stable and radicactive isotopes that will
influence the type and intensity of radiation, the maximum activity per capsule, the
chemical and physical form of the nuclear fuel, and the method of depositing fuel in the
capsule.

3. A description of the capsule including annotcted drawings or sketches that describe all
materials of construction, dimensions, and methods of fabrication and sealing of the
capsule.

In order to increase safety, the physical and chemical form of the fuel should be as nondispers-
ible (in the environment) and nontransportable (in the body) as is practicable.

-
Prepared by the Radioisotopes Licensing Branch, Office of Nuclear Material Safety and Safeguards,

U.S. Nuclear Regulatory Commission, March 26, 1974 (Revised January 1976).
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Labeling:
A description of the fuel capsule, battery, and pacemaker labeling:

1. The fuel capsule (or battery housing in the case where the fuel capsule is permanently
sealed within the battery housing) shall be conspicvously and legibly marked by means
resistant to fire and corrosion (it shall be ensured that the markings do not compromise
the reliability of the safe containment system) as follows:

a. The radiation symbol;
b. The words "Radicactive Pacemaker” or substantially similar wording;
¢. The words "Notify Health Authorities for Disposal" or substantially similar wording;

d. Identity and activity of the principal radioisotope and year of sealing of the fuel
capsule;

e. The name of the manufacturer and serial number of the battery (or fuel capsule).

2. glcmker housing shall be conspicuously and legibly marked by means resistant to
' fin and rorrosion with the following:

a. The radiation symbol;

b. The words “Radioactive Pacemaker" or substantially similar wording;

¢, Identification (name of element and mass number) and activity of the contained radio-
active fuel ard the date of sealing of the pacemaker;

r
E d. The name of the manufacturer and serial number of the pacemaker;
F

e. The words “Notify Health Authorities for Disposal” or substantially similar wording.

| Radiation characteristics:

A description and analysis of radiation dose equivalents delivered to the pacemaker bearers
(whole body, tissues, and organs) and to members of the general population, supported by:

1. Radiation level and tissue dose-equivalent rates at the pacemaker surface, at critical
organs, and at a distance of 50 cm from the pacemaker surface, and the basis for determining
these values. Sufficient data should be included to give a complete three-dimensional
profile of radiation levels and dose-equivalent rates at the pacemaker surface.

2. Values of tissue dose-equivalent rates as they vary with time over a period at least equal
to the useful life of the pacemaker, and the basis for the values.

3. Time-integratea tissue dose-equivalent values over a period at least equal to the useful
life of the pacemaker, and the basis for these gquantities.

4, A1) guality factors utilized in determining dose equivalents, the basis for selection of
each quality factor (including a spestral analysis of all emitted radiation), formulas,
constants, conversion factors, calculational methods, measurement methogs, and a description
of equipment and instruments used,

All measurements and caiculations should be based on tie maximum amount of radioactive material
to be used in the pacemaker and shall take into account isotepic content, radicactive decay, and
buildup of radioactive materials that may contribute to tissue dose.

Safety performance:

A detailed description and analysis of tests and test results that estabiish the 1nte¥;ity of
the fuel capsule construction and seal under the conditions specified in Sect. B.2 is infor-
mation should be submitted in the form of a concise report including: o

v 2 | .r'|/

. -

—
Where a pacemaker housing is essentially composed of epoxy resin, it shall bear a label fulfill-
ing all the requirements except resistance to fire. Following exposure to fire, which will
consume fho ?oxy resin and the protective covering, the markings on the battery housing will
become visible.



1. A1l test results., Satisfactory test performance must be based on all tests performed (not
on selected tests) and their resylts,

2. A detailed description of test equipment, instruments, and conditions.

3. ldentification of the group that performed each test, including name, location, and
responsible personnel.

4, Sufficient information to assure that the tests were performed in accordance with the test
conditions specified in Sect, B.2,

The safety tests on prototype pacemekers and components are designed to specify severe conditions
of impact, dynamic stress (crush), fi1,c *omperature, cremation temperature, and corrosion. Based
on current information, it is unlikely tha) accidents more severe than these safety tests would
occur to pacemakers in use. Therefore, the testing of pacemakers and components to these
specifications provides a high degree of assurance that the nuclear fuel will be contained during
normal use, disposal, and in case of accident.

Quality assurance:
A description of a quality control program (Sect. 8.3) shall be provided and implemented to

insure that each production unit will be essentially a replica of units that have successfully
passed the required safety tests and conform to specifications furnished the Commission.

Additional tests:
Additional safety tests of prototype samples may be required if any modifications are made to

pacemakers ar their component parts that might produce different testing results than the results
of previous tests.

Independent testing and evaluation:

Manufacturers or distributors of pacemakers who wish to distribute pacemakers for use in investi-
gations in humans may be required to furnish prototypes to the Commission for testing purposes.

B.2 SAFETY TESTING

B.2.1 General information

Al! pacemakers and components to be safety tested shall be typical and representative of
production-grade quality.

The leak-tightness of the fuel containment system {or any individual envelope thereof) of quality
control samples and fuel capsules to be used in safety tests shall be established by a series of
tests and examinations (such as bubble tests, microscopic examination, and radiographic, immer-
sion, lithium chloride leach, and helium leak tests) capable of detecting any breach of contain-
ment down to an ultimete limit of sensitivity equivalent to 107% cm?/sec of helium at STP,
Prepressurization of the specimen at 60 psi for at least 4 hr in helium is required as a part of
a helium leak test unless helium generation by the fuel is shcwn to be adequate for test purposes.
In addition, it shall be determined that each Tu2l capsule is free of removable contamination by
wiping the entire outer surface of the fuel capsule and determining that the wipe is free of
contamination,- using instrumentation capable of detecting 10-5 .Ci or less of alpha particle
wctivity and 10~* uCi or less of beta particle activity.

Following each of the safety tests, the abjlity of the fuel containment system and the nendis-
persibility of the fuel to prevent leakage of the radioactive fuel shall be established by an
analysis of a series of examinations and tests (such as microscopic and metallographic examina-
tiens, and immersion, lithium chloride leach, bubble, heiium leak, and radicactive contamination
tests). The engineering and technical bases for the selection of tests and examinations to
demonstrate the ability of the fuel containment system and the non-dispersibility of the fuel to
prevent leakage shall be explained. The criteria for passing or failing the tests and examina-
tions selected shall be specified.
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B.2.2 Mechanical tests

For purposes of the mechanical tests, tie internal capsule pressure shall be at tie level that
corresponds to the end of the useful life (the useful life shall be explicitly stated), and the
tests shall be performed within 50°C of the normal cperating temperature.

B.2.2.1 Impact

Tests shall be performed by projecting the fuel capsule (or battery, where the fuel capsule is

an intergral part of the battery) with an impact velocity of 50 m/sec onto a flat, essentially
unyielding surface (e.g., granite, steel, or concrete). The impact target shall have a minimum
mass 50 times that of the test specimen. [f concrete is used, it shali have a minimum compres-
sfonal strength of 250 kg/cm’. The surface shall be normal to the trajectory of the capsule.

The capsule shall be oriented in the position at which it will sustain maximum damage upon impact.

B.2.2.2 Static stress

Tects shall be performed by placing the fuel capsule (or battery, where the fuel capsule is an
integral part of the battery) between roughened steel jaws having a Rockwell hardness of greater
than or equal to (58, The jaws of the press shall have a surface area that is large compared with
the cross-sectional area of the capsule. The jaws shall be of sufficient hardness and thickness
s0 as to impart a force of 1000 kg on the capsule without deformation or yielding of the jaws,
Tests shall be carried out by applying a load at 1000 kg to the capsule, which shall be oriented
such that it wiil sustain maximum damage. The choice of capsule orientation chould be supported
by an engineering analysis.

B.2.3 Thermal tests

B8.2.3.1 Temperature test (fire)

It shall be demonstrated by a series of thermal, metallurgical engineering, leak, compatibility,
pressure at high temperature, and other appropriate tests, tia. the pacemaker can, at any time
during the useful life of the battery, withstand exposure to 800°C in an oxidizing atmosphere
(free air) for 30 min followed by quenching in a large volume of water at room temperature and a
static stress test (of the fuel capsule that has been removed from the tested pacemaker) in
accordance with Sect, B.2.2.2.

Where tests are performed in ¢ furnace, the pacemaker position and orientation inside the furnace
should be that at which maximum damage will be experienced by the fuel capsule, The choice of
pacemaker orientation shall be supported by an engineering analysis. Where the pacemaker housing
is vented for laboratory safety reasons in the performance of the tests, an engineering analysis
shall be provided that demonstrates that venting the pacemaker housing has not comprumised the
outcome of the temperature test. The total time/temperature thermal profile and the methods used
to calibrate temperature-measuring instruments, to measure the temperature of the furnace and to
determine the temperature of the pacemaker, shall be described.

8.2.3.2 Temperature test (cremation)

Jt shall be demonstrated by a series of thermal, metailurgical, engineering, leak, compatibility,
pressure at high temperature, and other appropriate tests that the pacemaker can, at any time
during the useful life of the battery, withstand exposure to a cremation cycle of 2 hr at a
minimum temperature of 800°C in which there shall be a sustained temperature of 1300°C for at
least 90 min in an oxidizing atmosphere representative of air-rich conditions found in cremato-
riums. The cremation test shall be carried cut in such a manner that the pacemaker position and
orientation inside the furnace is such tnat maximum damage will be experienced by the fuel
capsule. The choice of pacemaker orientation shall be supported by an engincccing analysis,
Where the pacemaker housing is vented, an engineering analysis shall be provided that demon-
strates that venting the pacemaker housing has not compromised the outcome of the test.
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8.2.4 Corrosion tests

It shall be demonstrated by a series of tests and analyses that, when corrosion iz extrapolated
to a time corresponding to 10 half-l1ives of the radioisotopic fuel, sufficient encapsulating
material will remain to ensure containment of the fuel fur 10 half-lives in sewater inciuding
consideration of possible pressure buildup inside the fuel capsule,

The Tinear rate of corrosion for the fuel capsule and each fue)l containment envelope shall be
determined by a series of engineering 2nalyses, corrosion tests (described below), accelerated
tests, microscopic examinations, measurement of variation of mass, and measurement of wall thick-
ness.

Before implantations can be authorized, a program plan for corrosion tests of each fuel contain-

ment envelope (including possible galvanic reactions), as appropriate, shall be submitted and

evaluated. If tests nn complete pacemakers are omitted from the plan, a justification for such

omission shall be included. As a minimum, the test plan should include tests in synthetic sea-

water (standard AST*-1141-53 ref. ASTM standard 1964, par. 23, p. 196) at room temperature for

a period of one year (cccelerated tests may be used provided it is established that they will

have an equivalent effect on the fuel containment system) to determine the maximum rate of |
corrosion as follows: |

a. Immersion of one set of test specimens (the number and type as justified by the program
plan) in oxygenated (aerobic) seawater;

b. Immersion of another set of test specimens (the number and type as justified by the program
plan) in deoxyoenated (anaerobic) seawater.

The test specimens shall be immersed in a volume of seawater equivalent to not less than 0.1 |
Titer per square centimeter of specimen surface area. |

Until such time as results of testing have been evaluated (in no event beyond the period of |
investigational use) theoretical analyses that dra‘ on genevally accepted and documented knowl- ]‘
edge may be used to calculate a maximum linear corrosion rate for each containment envelope.

These rates (including possible galvanic reactions) should be used to determine the maximum

linear corrosion (weighted for each esvelope) in seawater.

B.3 QUALITY CONTROL PROGRAM
B.3.1 Basic requirements

Information concerning quality control shall include, as a minimum, a description of the
fol lowing:

T E——

a. The organization responsible for quality assurance, the authority of this organization,
and the ynambiguous and independent relationship of this organization with manufacturing.

b. Provisions that ensure conformance with quality requirements and standards; and prevention,
detection, and timely correction of discrepancies. Evidence of gquality assurance,
including a plan for shelf-life testing of pacemakers shall be provided.

¢. Provisions to ensure that the radioisotopic containment is leak tight, free of removable
contamination in compliance with the design specifications. This shall include a 100%
visual inspection, leak test in accordance with Sect. B.2.1 for each of those envelopes
(where app:opriate) intended to provide fuel containment, and a final test for removable
contamination.

R

d. Means of identifying materials, parts and components, whether they are in the course of
manufacture or in storage, and of ensuring that materials which have lost their identity
or are otherwise not properly identifiable with the specifications will not be used.

e. Means of identifying and separating material which has been rejected or which has not been
released for further production and the procedure, if any, for subsequently releasing this
material for production, based on evaluation of subsequent study or an accumulation of
additional information which was previously lacking.

f. Means as may be appropriate to ensure that materials, components, and services supplied by
other manufacturers or subcontractors meet the Specifications.
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8.3.2 Record keeping

i
:
;
Confirmation that a complete record of all tests, audits, and actions relating to quality con-
trol will be maintained by the manufacturcrs or importers of nuclear-powered pacemakers or
component parts and will available to any customer, the Commission, or any Agreement State
for a period of 25 years from the date »* — ufacture.
!
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Appendix C

GUIDE FOR LICENSING THE INVESTIGATIONAL USE OF
NUCLEAR-POWERED CARDIAC PACEMAKERS

C.1 INTRODUCT ION

This guidt' is intended to assist manufacturers of nuclear-powered pa<z.akers and medical organi-
2ations proposing to implant nuclear-powered pacemakers in humans ror investigational purposes.

Programs to implant radioisotope-powered pacemakers in man for purposes of investigating the
safety, longevity, and reliability of the devices are licensed under the provisions of 10 CFR
Part 70 (for devices containing special nuclear material) or 10 CFR Part 30 (for devices con-
taining by-proluct material).

A standard research protocol should be prepared by the manufacturer or importer of the pacemaker
as sponsor of the investigation. The standard protoco! should describe thi.c ‘spects of the
clinical implantation and follow-up program that are to be followed by all of t e participating
investigators. This protocol, when accep.cd for licensing by the Commission and the Agreement
States, can be furnished to all of the participating medical institutions and incorporated by
them into their applications for Ticenses. The study team of an applicant medical institution
may propose modifications they wish to make in the standard protocol, but, in the interest of a
uniform and effective overall evaluation of a pacemaker, numerous and widely varying modifications
are not encouraged.

C.2 CONTENTS OF A STANDARD PROTOCOL

The standard research protocol developed by the marufacturer or_importer of nuclear-powered
cardiac pacemakers should contain the following:

1. Title and purpose of the investigational program.
Y2. Description of the pacemaker and radionuclide.

3. Patient selection for nuclear pacemakers. In addition to the medical considerations
for which a cardiac pacemaker is prescribed, patients selected for implantation of
nuclear pacemakers during the investigational phase of use should have an upper
age limit such that the 1ife expectancy is in excess of ten years and should not
have any coexistent diseases that would probably limit their life expectancy t~ jess
than ten years. Patients should also be selected who are reliable subjects and who
have a record of stable residence in the commumity such that they are willing to
cooperate in, and are likely to remain available for, the long-term follow-up required
in this study.

f4. Time period over which pacemakers will be implanted for the study.
5. The follow-up and reperting of pacemakers implanted during the investigation should

continue during the life of the patient or until the pacemaker is removed from the
patient,

rPc-epar-ecl by the Radioisotopes Licensing Branch, Office of Nuclear Material Safety and
Safeguards, U.S. Nuclear Regulatory Commission, August 1974 (Revised January 1976).

TThese items are repetitious of information furnished by the sponsor to the NRC i+ the inves-
tigational plan and in the description of the design and prototype testing of the pacemaker.
Their repetition in the standard protocc] serves to inform the clinical participants, apd,
since the protocol is included by reference in the participant's application for license, it
is the mechanism for obtaining the applicant's commitment to these statements.
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4. Radionuclide-powered pacemakers are under investigation; there are alternative
treatments; and the patient must be willing to participate in the investigation.

b. Because of the rudiation risk associated with burial, cremation, or loss of a
radicnuclide source to the environment, the pacemaker shall be ramoved from the
body upon the death of the patient, and the pacemaker, when removed at death
or for any reason prior to death, shall be returned to the sponsor for disposal.

C. The patient must carry at all times an identification card containing the patient's
name; the word "Radioactive,” the trefoil radiation symbol; identification of the
satienrt as a bearer of a radionuclide-powered cardiac pacemaler; identification of
the pacemaker by manufacturer's name and model aumber, amount and *ype of contained
radionuclide; the words "In case of emergency, hospitalizatica, or death, call
coliect (name and telephone number ¢f the participating institution);" and infor-
mation pertaining to the patient's consent to remove the pacemaker in case of
death of the patient.

d. The patient must wear at all times a durable, fireproof bracelet, or other approved
form of Jewelry, engraved with the patient's name, the words "Radioactive Pacemaker,"
the trefoil radiation symbol, identification of the radionuclide, and the words
“In case of emergency, hospitalization, or death, call collect (telephcne number)."

e. Long-term follow-up examinations are necessary, and they will be scheduled by the
participating medical institution.

f. The hospital must be informed of any change in the patient's address or telephone
number or if there is a change in regard to the persons to be contacted in case
the patient cannot be located.

g- The patient must notify, through the ho:.ital and sponsor, the appropriate licensing
authority prior te any travel outside of the United States.

Copies of the forms and identification cards and a sample or replica of the bracelet
shall be furnished as part of each application or may be included in the standard
protocol and thereby incorporated by reference in applications.

15. All hospital records concerning nuclear pacemakers, implantations, and follow-ups, or
copies thereof, shall be maintained separately from rcutine hospital records.

C.3 LICENSING OF PARTICIPATING INSTITUTIONS

During the investigational phase of nuclear pacemaker use, licenses are being issued only to
medical institutions that can assure continuity of follow-up of patients with implanted pacemakers,
rather than to individual physicians. A license issued to & medical institution authorizes

a specified posseszion limit of special nuclear material (plutonium fuel) or by-product material
(promethium) contained in pacemakers and requires the licensed institution to be responsible for
the follow-up and recovery of the nuclear pacemakers implanted in patients under the license.

The physicians designated as the responsible investigators by the medical institution should have
substantiai experiernce with pacemakers in the specialities of cardiology and thoracic surgery.

The medical institution is rxpected to have an established program and appropriate facilities

for the implantation and foilow-up of cardiac pacemakers.

Each application from a medical institution should include the following:

1. Identification of the institution as the applicant.

2. incorporation of the standard protocol by reference, and a commitment to (ollow it.

3. For each physician on the study team, name, specialty and board certification, previous
experience in the implanation and follow-up of pacemakers, including specific informa-
tion on the duration and number of pacemakers implanted and/or followed, and the posi-
tion of the physician with tha applicant.

4. A description of the applicant's present pacemaker implantation and follow-up program
including size, duration, and types of implanation.

5. A description of the physical facilities and equipment availanle for implanation and
follow-up, including specific test equipment required to carry o't the tests discussed

in the protocol. A’)] 2')4
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6. A description of the applicant's procedures for accountability and security against
loss of theft of pacemakers before implantation and after removal from patients.

7. A description of the applicant's procedures to assure notification of appropriate
individuals within the licensed medical institution upon receipt of a report or
inquiry concerning a pacemaker patient, including written instructions given to
telephone operators.

8. A procedure for periodically reviewing all implantation and follow-up records on nuclear
pacemaker patients and follow-up as necessary to verify that loss of contact with the
patient h.s not occurred.

9. An acknowledgment from the institution administracion of their long-term commitment to
and responsibility for the follow-up 2nd recovery .. nuclear pacemakers .

The instructions furnished to licensees by the cprnsor £4%all include details on packaging,
labeling, and shipping nuclear pacemakars for retu.n "o the sponsor. Include a copy with inves-

tigational plan.

C.4 REPORTS

The sponsor shall tabulate the duta und observations received from the investigators into a
report to his licensing agency at least every .ix months during the licensed investigation. The
reports shall include information needed tc correlate the duration of satisfactory performance
or the time of service before malfunctior, and the nature of malfunction, with the type of
implantation for both pacemakers and each type of lead used with pacemakers.
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Appendix D
PROPERTIES OF PLUTONIUM-238 AND FABRICATION OF PLUTONIUM SOURCES

0.1 INTRODUCTTON

Plutonium power sources used in cardiac pacemaker applications are designed to conform with
safety performance requirements identified in Sections | and 2 of the Nuclear Energy Agency
standards, as well as NRC standards and criteria, so that the safe containment of fuel and
minimal external radiation levels are assured.

D.2 CHARACTERISTICS OF PLUTONIUM-238 PACEMAKER FUEL

Plutonium-238 is a man-made radiocactive element that is useful as a heat source because of the
conversion of energy from radicactive decay to heat by self-adsorption of the alpha particles
within the plutonium source. Alpha particles of up to 5.5 MeV energy' are emitted at a rate of
600 billion per second per gram by plutonium-238 in its radioactive decay (half-life: 87.8 years)?
to uranium-234 (240,000-year half-life), which in turn decays by alpha-particle emission to
thorium-230. The specific thermal power and specific activity for plutonium-238 are 0.56 W/g

and 17.2 Ci/g respectively.’

Kilogram quantities of plutonium-238 are routinely produced by neutron irradiation of neptunium
target material that has previously been separated from fission products. The nuclear reaction
for production of plutonium-238 is as follows:

237Np + n » 238p £ 238py

The irradiation of neptunium also produces other isotopes of plutonium. The specifications for
the high-purity plutonium-238 used for pacemaker sources are: (1) not less than 89% plutonium-238
and (2) not more than 0.6 part plutonium-236 per million.

Plutonium-236 is the principal contaminant in plutonium-238 because of its contribution of up to
half of the gamma radiation from pacemaker sources. The abundance of plutonium-236 in the product
varies with the conditions of irradiation of the neptunium target material.

Plutonium-236 (half-life: 2.8 years) decays to uranium-232, an alpha emitter with a 72-year
half-life. Decay of uranium-232 produces a chain of daughters. One of the daughter products

is thallium-208, a 2.6-MeV gamma emitter, which grows in such a rate that its maximum abundance
is achieved 18 years after production of the plutonium fuel. Calculations show that, after

10 years, the total radiation dose from a pacemaker would increase by 32 to 41% from the initial
rate, due to buildup of plutonium-236 daughter isotopes, and after 18 years a maximum increase
of 35 to 60% could be expected.

The following is a typical isotope composition of plutonium used for pacemaker power sources.

Py isotope Abunaance, wt %

238 90.4
239
240
24 .03
242 <0.01
236 <6 x 10-5%a

“Less than 0.6 ppm.
Because of the low specific activity of plutonium-239 as compared with plutonium-238 (1/280 as

much), it is not feasible tc use plutonium-239 for a heat source. Therefore, plutonium produced
in irradiated fuel of nuclear reactors is not suitable for heat sources for pacemakers.
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D.3 RADIATION FROM PLUTONIUM-238 FUEL

Penetrating radiations from plutonium-238 fuels (of the above isotopic compesition) are derived
primarily from the following sources:}

neutrons produced by spontaneous fission,

neutrons produced by (a,n) reactions in impurities of low atomic number (14 and below},
fast neutrons produced by fission,

photons from plutonium isotopes and their daughters,

photons that result from alpha-particle reactions with impurity elements of low atomic
number.

NHBWn -

Neutron emission rates are associated with the spontaneous fission of plutonium-238 and -240 and
are 2785 neutrons sec™! g~! and 1020 neutrons sec™! g~! respectively. Therefore, the neutren
dose rate will essentially decrease exponentially with time as the plutonium-238 decays.

Neutrons resulting from (a,n) reactions depend on the other elements present and their concentra-
tions. The important elements in this respect are lithium, beryllium, boron, carbon, oxygen,
fluorine, sodium, magnesium, aluminum, and silicon. The (a,n) contribution in present production-
grade plutonium-238 dioxide, containing ordinary oxygen, is approximately 12,000 neutrons sec™!
g"'. These neutrons are nearly eliminated by exchanging the oxygen-17 and -18 atoms with enriched
oxygen-16, using established chemicai techniques.

Gamma rays accompany the alpha decay of plutonium-238 and account for most of the gamma radiation
observed from isotopically pure plutonium-238. This gamma activity is intense (6.7 x 1019 photosns
g-! sec™!) but, because of its generally low energy (0.017 MeV), is easily shielded.

As indicated above, the principal gamma radiation from plutonium heat sources is from the
daughter products of the plutonium-236 contaminant.

D.4 RADIATION FROM A PACEMAKER

The photon ensrgy spectrum measurements of a nuclear-powered gacemaker" were made with a lithium-
drifted germanium [Ge(Li)] semiconductor detector. The 20-cm? detector was large enough to have
moderate efficiency in the MeV energy range and had a thin beryllium window so that fluorescent

x rays from shielding material could be detected. For the spectrum measurements, the battery

and pulse generator were placed on a plastic tower (for low scattering) 2 in. above the face of
the detector. The Ge(Li) detector had been previously calibrated using several sets of standard
gamma-ray sources provided by the International Atomic Energy Agency (IAEA), so that the absolute
photon intensity could be measured for sources at various positions on the plastic tower. A
1024-channe] analyzer was used to collect data over a range of 0 to 4 MeV, and a computer program
was written to correct for detector efficiency and to plot the spectra.

The two garma spectra presented in Fig. 0.1 show the gamma spectrum through the side of a pace-
maker battery and the flat side of the pulse generator containing the same battery. The gamma-
ray spectrum results from the decay of plutonium-238, the daughters of plutonium-236, and other
impurities in pacemaker sources. The tantalum and platinum-iridium capsules effectively remove
all of the lower energy photons below about 150 keV. The highest energy observed was the
2.615-MeV photopeak from thallium-208, a decay product of plutonium-236. This photopeak contrib-
utes more to the dose than any other single photopeak (approximately one-third of the total dose).
These spectra have been corrected for detector efficiency, and the area under the photopeak is
proportional to the photon intensity. Photopeaks observed at 72, 583, and 891 keV may arise from
F(a,n) reactions and suggest the presence of low atomic number impurities. The photopeaks ob-
served at 300 and 312 keV arise from proactinium-238, the daughter of neptunium-237 (the target
material for the production of plutonium-238).

Most of the neutrons arise from the spontaneous fission of plutonium-238. These neutrons have a
Maxwellian distribution in energy: a modal energy of about 0.8 to 0.9 MeV, an average energy of
about 2.0 to 2.1 MeV, and a leng "tail" up to about 15 MeV. Neutrons arising from (a,n) reactions
from low atomic number impurities also have energies in this range; for example, the F(a,n)
reaction has an energy of 1.4 MeV. Since the plutonium-238 sources are very small and have a low
neutron yield, direct measurements are tedious and subject to error.

R —
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The largest reduction of neutron intensity was in the directions of the most hydrogenous plastic
(epoxy) shielding. A nearly isotropic neutron emission is suggested. The neutron emission rate
calculated for the nuclear-powered pacemaker was 716 neutrons/sec. The battery contained 160 mg
of plutonium-238, giving a specific neutron yield of 4590 neutrons sec™! g=!, which is about 75%
higher than the yield from pure plutonium-238, as calculated from the rate of spontaneous fission.
Because of the uncertainties of the measuring method, the measured value is estimated to be
accurate within 10 to 20%.

An in-depth discussion of the patient radiation doses from plutonium-powered pacemakers can be
found in Appendix F.

0.5 PLUTONIUM DIOXIDE FUEL FORM

The fuel form used in plutonium-powered pacemakers is plutonium dioxide, which has been well
characterized'-3+5-9 for use as a heat source. Plutonium dioxide is chemically and metabolically
inert and only 1 x 10-% of an ingested quantity is absorbed into the body. Its high melting
point (2365 + 30°C), high chemical stability (heat of formation, 935 : 10 cal/g at 25°C), and
low vapor pressure (heat of vaporization, 493 = 10 cal/g), together with its hardness (approxi-
mately 850 DPH) and strength (approximately 14,000 psi tensile strength'? and 48,000 psi com-
pressive strength!l!), make the use of plutonium dioxide intrinsically consistent with gocd
safety design practices.!? A compact of the plutonium-238 dioxide is used since the power
dens‘ty is low for powder (about 1 W/cm®) and high for pellets (about 4.2 W/ci’).

D.6 SOURCE FABRICATION

Using well-established technology, plutonium heat sources are fabricated by commercial vendors
using cold pressing and sintering techniques (to approximately 1500°C) to form a tough ceramic
pellet that is highly resistant to abrasion. Most peliets are cylindrical with dimensions
approximately 1/4 by 1/4 in. This pellet is encapsulated in a refractory metal, generally tan-
talum or a tantalum-base alloy. A void space is provided in the capsule to accommodate the
helium that is generated from the decay of the plutonium. The capsule material is chcsen on the
basis of its strength, shielding characteristics, and compatibility!? with the fuel. A second
and possibly a third encapsulation of the fuel are accomplished with materials selected to pro-
vide resistance to corrosion and oxidation. All envelopes are sealed by welding techniques

such as tungsten inert gas or electronic beam.

Thermoelectric power generators (nuclear batteries) operate on the principle that an electric
current will be generated by a thermocouple or thermopile if there is a temperature difference
between tvo junctions. Heat for the hot junction is provided by the fuel pellet. Nuclear-
powered pacemaker batteries typically use dissimilar semiconductive materials, Bi,Te;80:Bi,5e,20
(negative “n") and Bi,Tey30: Sb,Te;70 (positive "p"), which provide electrical energy through
the Seebeck effect. %he “n” and "p" thermoelectric interconnects consist of small metallic
strips, which are firmly attached across electrical insulator: that physically separate the
elements. One bimetallic thermocouple system that is used consists of Cupron (Ni-Cu alloy) and
Trophel (Ni-Cr alloy) fabricated into thermocouples in a series with paraliel configuration.

A temperature difference of approximately 60°C is maintained between the hot and cold junctions.

Highly efficient thermal insulation surrounds the thermoelement and channels the flow of heat

across the two junctions. The output of the nuclear battery is in the range of 250 to 600 .M.

The battery generally is contained in a titanium housing and is sealed by welding. Since the |
heat loss from the battery to the body is low, there is no significant difference between the |
surface temperature of the pacemaker housing and the temperature of the body.
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Appendix E
STATISTICAL EVALUATION OF THE PERFORMANCE OF NUCLEAR-POWERED CARGIAC PACEMAKERS

E.1 INTRODUCTION

Procedures have been developed for evaluating the reliability of nuclear-powered pacemakers
using information on clinical experience obtained from the inv.stigational programs. These
evaluation procedures, based on statistical techniques, provide a systematic means to determine
the acceptability or nonacceptability of nuclear pacemakers as rapidly as possible. Suitable
criteria are met when it is established, with a high degree of confidence, that the failure rate
of nuclear units is less than or equal to an acceptable standard.

For the investigational program, a limitation is imposed on the monthly implantation rate, which
is aimed at controlling the number of units in circulation until routine use is authorized.
Also, constraints are placed on the number of paceraker-patient-monthe that are allotted to any
one manufacturer for the evaluation of the performance of his waits.

Computer programs were developed for the Commission (by Ors D. Kleitman and A. Barnett, of the
Massachusetts Institute of Technology; D. Rosenbaum of Mitre Corporation; and B. Singer, of
Columbia University) to evaluate pacemaker performance. Thes> programs require as input the
following predetermined parameters: The maximum acceptable failure standard, R; the confidence
level on the maximum acceptable failure standard, P; the total accumulated number of pacemaker-
patient-months in which a decision must be reached, T; a desired confidence level to terminate
a unit's evaluation due to an excessive number of pacemaker failure's, C, and a parameter con-
cerned with determining whether pacemakers are failing at a constant rate, a. The output from
these programs provides the information necessary to determine whether one of the following
circumstances exists:

(1) There is a high degree of confidence (P) that the unit's failure rate is less
than the acceptable standard (R), and the test can be discontinued because
acceptability is demonstrated.

(2) The number of device failures has become so lirge that, with a high degree of
confidence (C), pacemaker acceptability cannot be demonstrated, even if the
investigation is run to conclusion. [n this case, the test should be discon-
tinued and this pacemaker model removed from further implanting.

(3) Not enough data has been collected tc establish one of the above conditions
and the experiment should continue.

For purposes of this evaluation, a pacemaker is considered to fail if, for any reason, the pace-
maker needs to be removed and/or replaced because of failure to provide satisfactory pacing to
the patient.

E.2 PLAN FOR STATISTICAL TESTING

Acceptability of pacemaker performance is based on the failure pattern of the devices undergoing
clinical tests. If pacemaker failures occur at random intervals (from the date of implantation),
a constant failure rate model can be used to set the acceptable failure standard. It is also
important to know whether there is evidence for any increase with time in the failure rate for
any one bacemaker mode]l. A statistical test for significant deviations from a constant failure
rate is given in Sect. E£.3.

The “confidence interval criterion" is used to determine pacemaker acceptability. Success is

determined at time I if it can be deduced from the data, with confidence level P, that the failure

rate of the unit is less than or equal to 5. If the evaluation of the other data should reveal
an excessive failure rate for the unit, implantation of the devices is to be halted. This does
not imply that implanted devices should be removed.

E.2.1 Computer program for test analysis and stop test criteria

This computer program for pacemaker test anaiysis and stop test criteria, requires, as inputs,
the maximum number of trials (pacemaker-months) allowed in the test; the maximum allowed failure

621 23
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rate of the pacemaker being tested (in failures per pacemaker-month}; the minimum allowed
probability that the pacemaker has a failure rate less than or equal to the maximum failure rate
allowed; and, the smallest P(T,5,:Q,F) allowed (note: P(T,5:Q,F) <1 - C).

An example of input and output data for this program are given in Tables E.1, E.2, and E.3.

Table E.1. Sample input data

Maximum allowed failure rate (pacemaker failures

per month) 0.00150
Minimum allowed probability that pacemaker has
failure rate less than or equal to maximum
allowed 0.90000
Smallest P(T7,S:Q,F) allowed 0.05000
Maximum pacemaker months of test 25,000
Table E.2. Sample output data

Probability that the failure rate is Number of failures
less than or equal to the maximum in 25,000 pacemaker-
allowed rate maker-months

1.00000 0

1.00000 1

1.00000 2

1.00000 3

1.00000 4

1.00000 5

1.00000 6

1.00000 7

1.00000 8

1.00000 9

1.00000 10

1.00000 N

1.,00000 12

1.00000 13

0.99999 14

0.99997 15

0,99993 16

0.99985 17

0.99967 18

0,99932 19

0.99868 20

0.99753 21

0.99557 22

0.99239 23

0.98743 24

0.97998 25

0.96923 26

0.95430 27

0.93429 28 . -

0.%m 29 I \ H /)

0.87599 30 b=,

The program prints out, ordered by numbers of failures, a table (Table E.3.) that tells at each
reporting period whether to stop the test because the pacemaker has passed or failed or whether
to continue. The printout should be used as follows. At the end of each reporting period,

which might be monthly for example, one looks along the row beginning with the total number of

failures up to that point.

If the number of pacemaker-months up to that point is less than the

number listed in the volumn entitled “minimum pacemaker-months justifying continuance,"” then

the test is judged & failure and should be stopped. If the number of pacemaker-months up to that
point is at least as large as the number listed in the colum entitled “minimum pacemaker-months
Jjustifying success,” then the test is judged a success and should be stopped. [f the number of
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pacemaker-months up to that point lies between the two minimum numbers, then not enough data has
been collected to come to & decision, and the test should be continued. The other two columns
give the actual values of the relevant parameters.

Table E.3. 3Sample output from program for pacemaker test analyses
and stop test criteria

Probability that

Minimum Minimum failure rate is less
Actual pacemaker Calculated pacemaker than or equal to
number months P(7,5:Q,F) months maximum allowed for
of Jjustifying Jjustifying minimum pacemaker months
failures continuance success justifying success
4] 0 1.00000 1534 0.90001
1 45 0.05093 2592 0.90004
2 311 0.05024 3547 0.90005
3 721 0.05009 4453 0.90009
4 1214 0.05002 5328 0.90008
& 1764 0.05006 6181 0.90000
6 2356 0,05008 7020 0.90007
7 2981 0.05003 7845 0.90001
8 3635 0.05003 8661 0.90002
9 4314 0,05005 9469 0.90006
10 5015 0.05005 10269 0.90004
1 5736 0.05004 11063 0.90002
12 6476 0.05003 11852 0.90013
13 7234 0.05001 12636 0.90u02
14 8010 0.05003 13416 0.90002
15 8803 0.05004 14162 0.90001
16 9612 0.05000 14965 0.90003
17 10439 0.05001 15735 0.90005
18 11284 0.05004 16501 0.90001
19 12146 0.05002 17265 0.90000
20 13027 0.05000 18027 0.90002
21 13929 0.05001 18786 0.90000
22 14854 0.05004 19544 0.90004
23 15803 0.05003 20299 0.90002
24 16781 0.05003 21052 0.90000
25 17793 0.05001 21804 0.90002
26 18849 0.C5003 22554 0.90001
27 19963 0.05001 23303 0.90003
28 21167 0.05001 24050 0.90003
29 22548 0.05002 24795 0.90000

E.2.2 Stopping tests prior to completion

This Section discusses the problem of when to stop the test if the device is obviously failing.
Let T be the total number of device-months in the total test schedule and S the maximum
allowable oumber of failures that the pacemaker c~.ld sustain in T device-months. Then, one
crude test wouid be to stop the test whenever the (S+1)st failure occurs. Howsver, if S pace-
makers were implanted the first month, and all failed immediately, the criterion would still
indicate that the test should continue. Therefore, a more sensitive criterion is clearly
required.

Consider the situation in which F pacemakers have failed in the first Q pacemaker-months. Assume
that there are exactly S failures in the total T pacemaker-months. Then, the probability
[P{T,5:Q,F)] that there could be F or more failures in the first Q pacemaker-months purely at
random can be expressed as follows:

P(T,5:0.F) = m( ) Lj);:” ( ) , (£.1)

where L(S5,Q) is the smaller of S and Q. If this probability is low enough, less than 5% for
example, the test will be considered to be unsuccessfully concluded. The Towest acceptable
value of P(7,5:Q,F) must be supplied to the computer program. 47 -‘;

621 233



E-4

E.2.3 Determining the confidence that the failure rate does not exceed R

Let Q be the total number of pacemaker-months. Then, if F is the number cf failures in this
period, it can be said, with confidence C, that the failure rate is no greater than R if

E (Q) (1 -R) Ciglcic . (E.2)
j%o ¥

The sample output data given in Table E.3 also shows the coufidence level in the last column.

E.3 TESTING THE STATISTICAL ASSUMPTION

This entire analysis of pacemaker test data is based upon the assumption of a constant failure
rate. The resultant decisions on passing or failing the test are sensitive to this assumption.
It is, therefore, important to monitor the data to determine whether there is any significant
evidence of deviation from a constant failure rate, particularly if the evidence indicates an
increasing failure rate.

Suppose r pacemakers fail up to some point in time T at ages ay, ... ap, with afa;n. Each of
the pacemakers used has been in service a certain unit of time. For each pacemaker, one can
calculate a set of r. bers X, .., Xp, where Xj is the totai number of months the pacemaker was
in service between its ages aj.) and aj, (aosol. This number will be 0 if the device did not
attain an age over aj.] during the experiment, a; - aj.) if it survived up to aj, and u-ai-% r
it was w Jnits old at the point of testing (T) of the test, with aj.jw 4. Summing over all
devices, une may compute r numbers, Sy, Sp, .. S, as the total number of pacemaker months -,
service in each age class.

Since it is assumed that the failure rate of the pacemakers does not change with age. re
numbers $7, 52, ..S, should be neither systematically increasing nor decreasing. This does
not mean, however, that these should be identical, since the Poisson assumption itself allows
for the random ages at which individual pacemakers fail. Correlation between the values of S
and j must be identified, and whether such a correlation is too great to be caused by normal
fluctuations in Poisson distributions must be determined.

If S; tends to decrease as j increases (with mcreasin? service life), failures are getting
closgr together and the devices have an increasing failure rate. Such an effect can be tested
by examining the behavior of G(r) as follows:

.
5 R
Glr) = L3 0 'S_ (r-d) (£.3)

L s;

3=

G(r) is a weighted average of the Sj's with Sy multiplied by (r-1), Sp by (r-2), S(r_” by 1, etc.
Note that the Sj's for lower j are weighted more heavily in this average,

If the Poisson hypothesis is correct, the average of this ratio is expected to be r-1/2. If S
is decreasing for rising j, since the weighted average counts the earlier Sj's more heavily,

the first Si's furnish a disproportionate part of the sum and G(r) will increase above its
expected values r-1/2. 1f G{r) is found to be well above its expected value, it suggests a
systematic tendency toward more frequent failures among older pacemakers,

When the likelinood is sufficiently great, the assumption of a constant failure rate should be
examined to determine whether some other assumption might be more compatible with the data.

A standard method of testing for deviations from a Poisson distribution is as follows:
The mean value u, of G(r), is given by u = (r-1)/2;

The variance of G(r), ¢, is given by

T %ﬂ' (£.4)
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The parameter !u) represents the point at which one rejects the hypothesis of constant failure
rate, Typically the hypothesis might be rejected if the observed value of G(r) exceeded its
mean by 2 standard deviations (2c¢) or more; this would correspond to « near 0,05.

The constant failure rate is rejected when
erfc[(G(r)-u)/o] » 1-a ,
where

erfc (x) = (2::)'”2 fe"lizdy

-

E.3.1 Computer program for testing the assumption of z constant failure rate

This section discusses a computer pregram for testing the assumption of a constant failure rate,
The progrem requires, as input, the probability (a) that the hypothesis of constant failure rate
will be rejected when it is, in fact, valid; the date of implantation for each pacemaker; the
dates of failure (for those pacemakers that have failed); the date of removal from the patient
(for those pacemakers that have been removed without failing); and the date (T) of evaluation
of data. A sample input is shown in Table E.4.

Table E.4. Example of input parameters

Statistical Anal =is for Constancy of Failure Rate as of 74-5-11

Pacemaker Date Date removed, failed, Days of

serial no. implanted or present date service
1 73-1-11 74- 4- 1 000446
2 73-1-20 74- 2-15 000390
3 73-2-10 74- 5-11 000457
4 73-3-17 74- 4- 8 000386
5 73-4- 8 74~ 5-11 000398
6 73-7- 5§ 73-10- 1 000087
7 74-1-13 74- 2- 1 000018
8 74-2-10 74- 5-11 000092
] 74-1-20 74- 3- 1 000041
10 74-3- 1 74- 5-11 000070
10 devices in file

Failures

Pacemaker Date Days of

serial no. implanted Date failed service
7 74-1-13 J4- 2- 1 000018
9 74-1-20 74- 3- 1 000041
4 73-3-17 74- §4- 8 000386
2 73-1-20 74~ 2-15 000390
1 73-1-1 74~ 4- 000446

Removals

Pacemaker Date Days of

serial no. implanted Date removed service
6 73-7- 5 73-10- 1 0oona7

For each pacemaker, the program gives the following output (ordered by device serial number):
the date installed; the date removed or failed; and the total days of service as of the date
of data evaluation. [t also lists separately the same data (ordered by days of service) for
those pacemakers that have failed and those that have been removed without failing. Finally,
the ram lists the pacemaker-days in each interval class (5;) and the salue of

erfc |(’z?v')-u)/o]. Unless this value is less than 1-u the hypothesis of constant failure is
rej:ct:d. The following is an example of the computer output, using the input data listed in
Table E.4:

62! 235



E-6

5 = R = Failures before test end
1 = Removals before test end
2.0000 = (R-1)/2
2.1310 = G(R)
0.3333 = Variance of G(R)
0.590 = ERFC

Pacemaker days in interval classes:

180.0 207.0 1851.0 16.0 120.0
Mﬂo is the probability of rejecting the hypothesis of constant failure rate when it is in fact
valid.

Alpha is an input that would typically be 0.05 so that, in this case, one would not
i reject the constant failure hypothesis.

{

94 100

-
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E.¢  SAMPLE PRINTOUT OF THE MAIN COMPUTER PROGRAM

//7R1211S87 JOA (1211.5672),"'% w SWilPF X746 8J" »¥SGLEVELS1,CLASSEF
/7

EXEC FORTHCLG,PAQM FORTS'AC), IPT2! , 3FG] IN22404, TIFe10

//FORT  8YSIN DN =
C PACEVAXKER EXPERIMENTAL TEST aANALYSIS AND STIP 1EST CRITERTA

C PRIGRAM T wANITOR

€ IR

10
508

100

101

510

103

o4
105

102

108

SUFFICIENT LACK OF FATLURES T CONCLIDE  EXERIMENT 1S SJCCESSFLL
TMPLICIT REAL#®R(Aey,=?)

CIMMIN DFACT(25001)

DATA NARLK/Z' '/

DATA NST/'arvy

CaLl ERASFT(209,258,=1,1)

CALL ERNSET(208,2%8,=1,1)

CALL ERRSET(207,258,=1,1)

OFACT(1)=20.0D400

N 10 1e2,25001

Alsl

DFACT(T)=DFACT(X=1)eDLGCaT)

CONTINUE

READ(S,100,END2900) APFC,rONF P8 CCoNTEE

FORMAT(3F10,0,110)

PRINT 101,KRSPEC,CINF,PSUCC,NTEF

TFINTEF.AT.25000) sTOP

FORMAY (191, 00X, VINPUT DaTat, /7 ,14 ,'“AXIWJ™ ALLINED FAILJRE RATE®
1 pTS3,F13,5,7,1% ,"MINTMUM ALLONED PROBASILITY THATY NDEVICE WAS F
PATLUTIY,/7p1H ,'RATE LESS THAN OR = waX ALLIWED',T53,F13,5,

3 ZolM S PSYMALLESY P(T S G F) ALLOWED',TS%,F13,5,
C/Zpi™ poMaxIviM TRIALS JF TEST!,TS3,113)

PRINT S10,NTEE

FORMAT(/,1H0,'"PROBARILITY THAT TWE FAILURE RATE IS',TuS,'TF THE NJ
IMBRER OF ', /1% ,'LESS THAN NR FoJAL T THE ¥AXIMU™',74S,'FAILURES !
SNTp /et VALLOWED RATE 1S',7aS,15,' TRIALS IS")

NS=20

CALL ROSFL(RSPEC,CALCON,NS,NTEF)

PRINT 110,CALCON,NS

FORMAT (1M ,10X,F9,5,T50,17)

1FCCALCONLLELCONF)Y GO 0 102

NOLD=ENS

OLD=CALCON

NSENS+y

IFINS,GT _NTEE®RSPEC) 57 TN 104

GO T3 103

PRINT 105

FORMAT(1H ,'FAILURE IN R08F11Y)

6N T2 s0s

CONTINUE

CALCIN=OLD

NSeNOLD

NNSENSe!

PRINT {08

FORMAT (1M1, PACTUALS, TIS, 0uTINTMiMe, T30, SCALCILATEDR, TGT7,,8uINIvUMS,
1TAL e "PROBABILITY !, /7, 1K ,INIMARERY, T15, ' TRTALS! 2730, 'PC(T S O F)
2V, TA7, ' TRIALS 'y TAL, "FATLURF RATE', /,1H ,'aF ', T15, ' JUSTIFYING', T30,
3CAFTER TRIALS',TA7,VJUSTIFYINGY,T81,'LE3 DR =Max',/, 14 ,'FAILURES
Qt, T1S,"CONTINUANCE !, T30, "IN PRFV COL',747,"'SJCCESS', To1, 4L OwED ¥
SOR', /.14 »T6L, " MINTUUM TRTIALS', /7,14 , 01, JUSTIFYINGY,/p1+ ,T61,'S

6UCCESSY)

DN 20k 121 ,NNS

NFzl=)

IFI(NF NE,O) GO T adS
NGO

CaLSUCH1,0

~J
o4

NT TRIALS FOR SUFFICTENT FAI_JRES T JUSTIFY STNPOPING b xP

.\!



4ns

ana
208

4ol
Tou

1001
207

Soé
507
550
601

703
210

702

To1
209

G0 Y) 704

CANTINUE

1TERND

NFINLENALK

NUPPERENTEE

NLOwWERSD

NG SINUPPERRNLOWNERCY?2

CALL QDSF2(CALSUC,NF NT NS, NTET)
1FXNUPPER=NLOWFR, LT 4<C G111 297
IF(DARS(CALSUC=PSJICC), LY, ,001) 50 '] 207
IFRITER.GT,S0<C G TO 704
ITERNITERR]Y

IFXCALSJC.6T.PSUCCC G Tn uni
NLIAERENG

6N 1) anu

NUPPEREND

60 T 4lu

NFINLIENST

FARMAT (1w ,318,35014,.8)

CONTINUE

IFINFIND NE NBLXK) GD T SsSH
1SET=1

JF(CALSUC,GT,PSUCC)Y 18Tz
DELT=CALSUC=PSUCC

D7 506 I1=i,NTEE
TFIND,LE NF,OR NGB GENTEE) 6N 1D 550
NONGeTSFT

Call RNSFZ2(CALSUC,NF, "3, NS, NTEF)
IFC(CALSUC=PSUCC)/NELT . GE, 0,0D0) G TJ 508
60 10 507

CONTINUE

CONTINUE

Y'(ISEV.FQ.-l) NGENQeY

Call ROSF2(CALSUC,NF NI NS, NTEF)
CONTINUE

NFIN2aNALK

ITER=O

NUPPERENTEE

NLIwERND

NNGRINUPPERBNLDWERC/2

Call ROSFI(RSPEC,CALCON,NF,NNB)Y
IFENUPPER=NLORFR, T ,4<C GNn T 299
TFCDABSICALCINSCUNE) LY, ,001) &I TI 209
IFXITER,GT,.S9C G T2 701
ITERSITERRY

IFXCALCINGGT,L,CONF € G) ™Y 702
NLIWERgNNG

6) T3 70%

NUPPERSNNG

GO 1Y 703

NFIN23NST

CONTINUE

IFINF IN2 NEJNALK) 5D T s5%
18ET=y

IFCCHA £ 5T CONF) I8FTz=y
NELTECALCD  =CINF

DN SO0A I1s1,NTEE
"("‘G.L‘.N‘.:’".~‘°.GE.N"r, ) 17 581
NNIENNQETSET

Call RNSFI(RSPEC,CALCON,NFAND)
1FCLCALCON- CINF)/nELY, GE 0,0D0) 35O T2 508

r

i
)
S



So8
509
551

211
206

900

&7 TJ) sne

COANVTIvuE

CINTINUE

IFCISET .FO,®1)  NNQsuNDel

CaLl RNSFLI(RSPEC,CALCNN,NF, N0

CONTINUF

PRINT 2! 1 oNFoNG CALSUC NFTNT NND,CALCIN, NFIN2

FNRMATCLIM pTasSXo TR X, FIN, S5, 81,0%, T8, TX,F10.5,40,4X,219)
CONTINUE

GO Y) s0%

SYaP

END

SURRIUTINE ROSE2XP,NF,oNn,w8,0T¢

IMPLICTT ReaL#*A(A=n, )=o)

COMUN JFACT(25001)

DIVMENSTON ASXIC

1}

NEX1CamS

P20,.0Ded0

MiNen3(D)

TFIND, LT MIN) MINZNG

TFINTeNG LT NS(I)=NF) G 11 ubd

IFINF,.GT MIN) GO '™n 40

MIXINF 41

MAXZMING

D3 S0 JJsMIX,™ax

JelJJ=1
PEPeDEXP(FACTUNSCI))#FACT(NTeANSIT))eFACTINT)=FACT(J)eFALCTING=))
XeFACT(NG)=FACT(NS(T) =) aFACT(NTenN3auSI)eJ)¢FACTINTey))

SO CONTINUE
S1 FORMAT (1w ,319,20148,10)
a0 COAVTINUE

201

1F(P.LT,0.0) P=0,0
RETURN

END

FUNCTINN FACTC(ILN)
TUPLICIT REAL*A(A=w, =)
CAMMON DFACT(25001)

FaCY 0,0
TF(IT1.LE. 1) RETURYW
FaCY sNFACT(LI])
RETURN

FND

SUBROUTINE ROSFIXX, PR, NF,N0C
IMPLICTT REAL®B(4d=u, i=7)
ERF(D)=IERF(D)

PR20,0

coNvNs2, 079,0

AzNFel

ReNG=NF+1

IEING, LT, 15) GO Th woo
DISCEC(A+R=1,0)2(],0nex)
IF(DISC.GT..8) GJ TD 201
CHI8Qan13C*(3,0%X) (1,0 e(R=),0)
ANJNZ DR

IFCANU LT, 40,0) GO T 2n0
Xs((CHTISOZANUY#R(] 0/3,.0)a() DeCINZANI))
C/NSART(CON/ZANURZ,0)

PRE,S5=nNERF(X )*.5

6N Y 202

CINTINUE



202
200

400

100

io0%
200

101
300

.

//60,

in

Enis(RexYan(] 0/3,9)

EG2=(Ae(y 0=x))an(y 0/3 0)

Y2l 90 (ERI(1.0=1,A8/9,0/8)=EG20(1, A=), 0/9,3/08))/
COFGI*EGI /BOEG2EG2/A) a5
YzY«DSNRT(2,00+00)

PRz, 5%(1 , N*ENF(Y))

CANTINGE

CNHTINUE

lF"'.L'.o.O) ’930.0

RETURN

Call ROSFU(X,PR,NF NR)

RETURN

END

SUBRILTINE RISEU(X,PR, yF,un)
TMPLICTIY REAL®A(A=n,] =2
FORMAT(8F10,0)

PRz20,0n0

NNFENF

MAXENGeNNF

IFiMaxY _LT,0) 6D 7Y 1014
PRzX*R(NNF+1)/ (NNF 1) /NFXPIFACT(NG=NNF )
TFOMAX, LT,1) GO 10 200

PuASE=y .0

nO 103 N=1,%aXx
PuaSEzPHASER(~] ,0)
PREPR4PHASERXAR(NNFANSLY/ (NNFol1ev) ZIFXP(FACTIN)#FACTENT=NNFaN))
PREPRaNEXP(FACT(NG41)=FACT(NYNFY)
IF(PR,LT,1,00=05) GO T2 10}
CONTINUE

FNRMAT(IW ,D15.5,275,D13.5"
RETURN

END

SYSIN On »
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E.5 SAMPLE PRINTOUT OF THE COMPUTER PROGRAM FOR TESTING THE ASSUMPTION OF A CONSTANT

E-1

FAILURE RATE

F/R12115K7 J0B (1211,5872),'4, w, SHUPE

17

EXEL FORTACLG,PARM FORT2 ALY, REG] INSL 1N

//EDRT SYSIN DD =

101
100

1ng

206

509

T¥PLICYIT RFAL*R(A=n, j=7)
DIYENSTIN NSER(2000)

INTEGER®D NARE,IPIS NCOIVF(20nNY,NTENRL(2000,5) ,NTE“P2(2000,3),

AIPRACI0)NNAYS{2009)

DIMENSTIN NAGE(2300,8),1PN8(2000),5J%(1300) ,VDATEXRC
DATA TPR/ZVOS V1,027, 050,000,482 h1,0]0,18",19%y
TNzS

NIITEh

N7 101 lei,1000

Suvxi<en, 0

FIIMATXIN,012,2X,11)

NaD

READ 104, NDATE

FIRMATYI12¢<

PRINY 208,NDATE

FIRMAT (1l 'STATISTIYCAL A%ALYSES FIOR COINSTAMIY OF FAILUNF RATE

1 AS P, 3(1X%,12),

17,140, 9dFVICE ', T1S,'DATE! T30, 'NATF REMWED, ', T50,
#1NAYS OF SERVICE!
207017 LVSERTAL ND ¢, 715, VINSTYALLFY', T30, 'FalLSD, JRY,
R/,1% LT30,"'PRESENT NATEY)

NeNRY

READCIN,V100,ENDS900) NSEREIN),(NTEWR (N, T1),]131,3),
® (NTEMP2(N,JY,J021,8),NCOINE(N)

1233%¥NCeN

TFINTEMPR(, 1), NELN) G TN 200

NTEMPR(N,1)2NDATEC(Y)

NTEMP2(N,2)2NDATE(2)

NTEMP2(N,3)=NDATE(Y)

200 NOAYSIN)E 365¢(NTEURP2(N, 1) wuTFuP(N,1)) L3N, 4a(NTEMPIIN,2) -

300

103

208
900

207

O NTEMPL(Ne2)IANTEMP2( N, 3)eNTEURPI (N, D)
MHAYSENDAYSINCG

N 103 Islrs

WEMDAYS/X10, 0K 2kbe]C

MAAYSEMNAYSel0etlbm]dny

NAGEXIN, [CHIPRIMAIC

COINTINUE

PRINT 20R, ASFRIN),(NTEUPY(N,J)e 31, 3) o INTERP2(N, )Tzt V)0
* (NAGE(N,J)ec=148)

FIMAT (140, TR, TX,3C12,1X), AX, 3C12,1%),15%,ba1)
#1 1) w00

NgNe=}

PRINT 207, N

FIRMAY (1m0, 18, DEVICES IN FILF")

Leh

«TYP=43

Call ASORT(NAGFIPNS N,y xTYP)

PRINT #01

801 EIRMAT(IM14//7¢" FAILJRESY, /)

||u0")FVICP'0']50'“""."00'”“‘ FATLEN',151,'NaYS OF SERVICF'

2714 2 'SER1AL ND, !, T1S, v INSTALLEDY)

NN 602 J=tl.M

[FINCOPECTPNS(TI))WNFL1) 69 T 4P

PRINT 20R, NSER(IPAS(I)),(NTF™P1(IPIS(1),J),J)21,3),
o (NTEMPZLIPNS(1),)),J%1,3),(NARECTPIS(I), 1), )31,5)

802 CONTINUEF

NEF20
PRINT 701

X7468)" o 3GLEVELZY ,CLASSSF

- 1
) ¥
J
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701 FOARMAT(1=1,/77," RENMDVaALSN',/,
11M0, "OFYTICE , T1S, 'NATE!, T30, 'DATF REYOVED!',T51,'JAYS IF SERVICE!
2o/1% L SFRIAL NO, ', T1S, tINSTALLEDY)
DY 702 lsi.N
IFINCONECIPOS(TI)).NE,2) GO 1O 702
NFanFey
PRINT 208, NSER(IPOS(I1)),(NTFMPL(IPIS(I),J])0J31,3),
. (ﬁf!“’l(!PDS(l)oJ).Jll.lia(NAGC(!PFS'l).J)uJIl.b)
702 CONTINUE
NLaSTeo
1#0
NR#O
401 eIkl
iF¥2.cY.N¢ GO TO 40?2
IFANCODEXIPOS(I)) NEL,1) GO YO 4nd
C NCODE =1 “FANS DEVICE FATLEH ,OMFANS VEVER FAILE.
NDELTONDAYSXIPOSRICC=NLaASY
NRENRY
LENDELY
N 303 xwi,N
LONDAYSXIPOSIKCC» N AST
TPANDELT LE. LS LWNDELT
1F(L,LE.0) &GO TO 503
SUMINR)RSUMINR) oL
303 CONTINUE
NLASTENDAYSXIPOSKICL
60 7O 401y
400 COVTINUE
402 CONTINUE
Gud 0
ADENSD,0
D0 S00 J#i,NR
GaGRSUMRJICRINR=J(
500 ADEN#ADENSSUMXJKC
GuG/ADEN
ARNNR
UsSXAR=1¢/2,0¢
c SIGSANyeyUn XAR/XARRIC#K] 088 Oa%;2dRel 0C/AR/X2ER=],0¢<=1,0( 0,0 VERS
c ZILCHR(GeU) 7/SIGSQ/NSARTY(2,0D0) JLD VERS
8168Q=u/6,0
ZILCHE(G=U) /DSORT(3IGSAa2,0)
BANSE _SeDERFC(=IILCH)
PRINT GO, NRyNF,U,G,31G680,84aN8
403 FORMAT (1M1, //7/21%,18,"' =R=FATLURES BEFORE TEST END',/,1% ,20X,
#18," = REMOVALS BEFORE TEST ENDTY, /1M s20X,F8 4,"' = (Reg /2% /0
i 220X, F8,8,' B GIRI',/,1H ,20X,F8,4," & VARTANCE OF GER)', /s
#iM s20X,FR,4,' 3 ERFCY)
PAINT 409
409 FORMAT(IMI,1DEVICE DAYS TN INTERVAL CLASSES!Y)
PRINT 40a, (SUM(I) 181 ,NR)
406 FORMAT(IN ,SF13,1)
RANSE] =RANS
PRINT 410,BANS
410 FORMAT(///41%0, VALPMA SWOULD BF LESS THAN',FB,4,! IR THE s/
*iM »'HYPOTHESIS OF CONSTANT FAILURE 18 REJECYED,'+ /7,
2140, 'ALPHA 1S THE PROBARILITY TWaT vIU WILL REJECT TWE WYPOTHESIS!
w, /0N,
#17F CONSTANT FAILURE RATE wWHFN IT I8 IN FACT VALID,'/Z1M ,VALPHA 13
* AN INPUT.Y)
407 FORMAT(IW ,1018)
§TOP



END
SUSRIUTINE ASURT(VAM,IPIS, N, L,KTY?)
INTEGER®2 NAM, INPRFC,TALPR,NFLAG, PR, IPOS
DIMENSION IPIS(150n)
c e NEFLAGCLISO0) ,NAME2000,08), INPRECII1),1PR(43), 1AL PR(32)
DATA IPR /' P, VAV VRV 000, Nt VEN IR, 050 Vet 0 h, g g, h Y,
|tu!,tyo,ool,lpl,og"vuo'csc"tu,lJ|,0y0,l.o,l(n.lvo,'zt,o.a't(n,O)!,
2h, V0,0, A AP A LN e e L L L LR A L
«TYPs4Y
M 100 IsiuN
NFLAG(T)=0
100 1PIS(1)=}
N 200 Js=i,L
NSJAs]
300 x=20
301 <adel
NSwlTz0
12NSJUR
63 T 302
303 1I=le}
1F(1.LEN) GO TO 308
IF(X LY . xTYP) GJ T 301
63 13 200
306 IFINFLAGI(I),.EQ,0) G6J 77 302
IF(NSUR.FB,!) GO T0 309
1FLR LY . XTYP) GO 71O 30%
NSJBsT
60 70 300
302 Ms=IPJS(ID)
305 IFCNAM(Y,J) NELIPR(x)}) 61 Tn 3p%
IPIS(I)=IPOSINSUB)
[PIS(NSUR) =M
TF(NSwTT EG,1) GO TO 304
NSWITzy
NFLAGINSUB) =1
304 NSUB=ENSURe]
IFCNSURLLE.N) GO 710 303
200 CONTINUE

RFTURN
END
/I
//7GD.SYSIN DD »
/"



e e T T T i R e S ——

E-14

REFERENCES FOR APPENDIX E
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Appendi: F

PATIENT RADIATION DOSES FROM IMFLANTED
PLUTONIUM-POWERED PACEMAKERS

The radiation doses from a Medtronic model 9000 pulse generator containing 173.2 mg of plutonium,
of 90.14% hy weight plutonium-238 (156.1 mg) and 0.26 ppm plutonium-236, were determined by
Battelle Pacific Northwest Laboratories.!

Gamma doses to various organs in a patient were measured using thermoluminescent dosimeters (TLDs)
in a Rando phantom (Fig. F.1), with the pulse generator located above the left pectoral muscle
and at the left side of the abdomen. The Rando phantom is a natural human skeletal phantom

that is surrounded by molded tissue-equivalent plastic in order to simulate the human body
without the head and lower legs. The phantom was made according to the dimensions of an average
woman. The phantom is assembled in I-in.-thick slabs and nas small holes drilled at locations
representative of body organs to permit placement of dosimeters in or near these organs and

other points (e.g., along the spine). The measurement locations were close to the center of the
specified organ except for the liver, where top, middlie, and lower positions were used.

The TLD locations are shown in Fig. F.2 for the pulse generator located above the left pectoral
muscle and in Fig. F.3 for the |i)ulse generator located on the left side of the abdomen. Expo-
sures were made for approximately one week (145,16 hr) with the pulse generator above the pectoral
muscle and 166.5 hr with the pulse generator on the abdomen.

Gamma doses and dose rates in the phantom, at various organ, spine, and depth locations, and the |
distances of these locations from the plutonium source are shown in Tables F.1 through F.5. |

Neutron dose equivalents were determined using tissue-equivalent proportional counters (TEPCs)

in a phantom that consisted of various slabs of a polymer gel having the same neutron dose attenu-
ation as tissue-equivalent solutions. The TEPC neutron dosimeter measures the dose to tissue-
like materials in the cavity of a proportional counter. Neutron dose equivalents were determined
at distances equal to the distances at which the gamma doses were measured in the Rando phartom.
At distances shorter than about 7 cm of tissue, the neutron dose equivalent predominates; at
greater distances, the gamma dose predominates, since tissue attenuates the emitted neutrons more
effectively than gamma emissions.

Neutron dose rates decrease exponentially with time as the plutonium-238 decays. Table F.6
contains factors that relate the initial neutron dose rates to the average neutron dose rates
over 0-5, 6-10, 0-15, and 0-20 year periods. The ganma dose rate variation with time is more
complex and depends on the decay of plutonium-238 and the buildup of daughter products of
plutonium-236, which, in turn, depend on the amount of plutonium-236 contaminant present in the
plutonium-238, Table F.7 contains factors that relate the initial gamma dose rates from a source
containing 0.26 ppm plutonium-236 to the average gamma dose rates over 0-5, 0-10, 0-15, and

0-20 year periods.

The "average” dose to small organs was determined by addir , .he gamma dose measured near the
center of the organ in the Rando phantom and the neutron dose equivalent measured in the polymer
gel phantom at a source-detector distance equal to the source-organ distance in the Rando phantom,
For larger organs, it was necessary to divide the organ into several sections, to determine the
"average” dose to each section, and to find the arithmetic mean. The whole-body dose equivalent
was determined by dividing the body into 2-in. <'abs and calculating the dose equivalent to each
slab. The dose equivalent of each slab was multiplied by the fraction of the total body weight
(58 kg% represented by the slab, and the products were summed to obtain the whole-body dose
equivalent,

F-1
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Table F.2. Gamma doses and dose rates from a pulse generator that
contains 173 mg of PuQ, in the phantom along the spine,
measured with TLD-260 dosimeters (Pulse generator

on surface above left pectorai muscle)

Gamma Gamma dose rate or
Distance from dose, dose-equivalent rate,
pacemaker, cm mrads mrads/hr or mrems/hr?
10.6 4.2 0.029 + 0.013
11.9 .1 0.021 + 0.011
12.2 5:3 0.036 + 0.012
19.5, 2.2 0.C15 + 0.012
22.6 1.9 0.013 + 0.012
27.4 d d
30.8 3 0.002 + 0.005
36.6 1.2 0.278 + 0.008
41.8 1.0 0.007 0.0if

“145,16-hr exposure.

bGam dose measurements were determined from small differences
between two large numbers. In view of the lTow dose rates measured
(in most cases the measured value was less than dosimeter background),
the apparent inconsistencies of dose vs distance from source are not
unreasonable.

“One standard deviation estizated from range statistics.

(C. A. Bennett and N. L. Franklin, Statietioal Analysis of Chemiatry
clxnd t})w Chemioal Industry, John Wiley & Sons, New York, p. 165,

954,

dNot. measured,
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Table F.3. Gamma depth-dose distribution irom a pulse generator that
contains 173 mg of Pu0, in section 13 of phantom, measured
with TLD-200 dosimeters (Pulse generator on surface
above left pectoral muscle)

Gamma Gamma dose rate or

Distance, dose, dose-equivalent rate

cm mrads mrads/hr or mrer’./hr&
1 46.4 0.32 + 0.02
2 23.4 0.10 = 0.02
3 15.6 0.11 + 0.G2
4 11.8 0.08 + 0.02
5 8.1 0.06 + 0.01
6 8.5 0.06 + 0.01
8 6.3 0.04 + 0.02
10 B 0.02 + 0.01
12 2.3 0.02 ¢ 0.01

2145, 16-hr exposure.

Sone standard deviation estimated from range statistics.
(C. A, Bennett and N. L. Franklin, Statietieal Analysie of Chemigtry
and tl)w Chemioal Industry, John Wiley & Sons, New York, p. 165,
1954.

621

251
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Table F.4. Gamma doses and dose rates from a pulse generator that
contains 173 mg of Pu0; in the phantom at various organ
Tocaticns, measured with TLD-200 dosimeters
(Pulse generator on surface at left side

of abdomen)
Gamma dose rate or dose
Distance from Dose, equivalent rate,
Location pacemaker, cm mrads mrads/hr or wans/lu}’
Thyroid 42.8 E e
Axtllary 1ymph
nodes
Left 30.1 0.4 0.003 + 0.019 148 hr
Right 0.8 0.00% = 0.011 148 hr
Sternum 28.2 0.8 0.005 + 0,015
Pectoral muscle
(base of breasts)
eft 31.3 1.5 0.009 + 0.019
Right o a e
Heart 20.6 o e
| Liver
Top 18.1 2.2 0.01 ¢ 0.02
Midpoint 12.% 2.9 0.02 £ 0.01
Bottom 15.5 4,7 0.03 ¢ 0.02
Spleen 18.2 2.7 0.02 + 0.01
Stomach 13.0 3.6 0.02 + 0.02
Kidney
Left 14.0 5.6 0.03 + 0.02
Right 15.7 4.3 0.03 z 0.02
Ovary
Left 12.6 2.7 0.02 ¢ 0,02
Right 14.9 2.8 0.02 = 0.01
l Uterus 17.4 0.9 C.005 * 0.425
Male gonads” 23.2 4.3 0.03 ¢ 0.03 148 hr

2166.5-hr exposure.

b0m standard deviation estimated from range statistics.

(C. A, Bennett and N, L. Franklin, Statietioal Analysis of Chemistry
zlmg‘e})w Chemioal Imdustry, John Wiley & S:ns, New York, p, 165,

954.

“Not measured,

dAt simulated position of testes on female phantom.
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Table F.6. Factors to determine ama?- neutron dose-equivalent
n

rate from a pulse generator conta

ing a plutonium-238
heat source

Time period Factor to multiply by to
(years) obtain average dcse rate
0-5 0.980
0-10 0.961
0-15 0.943
0-20 0.925
Table F.7. Factors to determine average gamma dose rate from

pulse generator containing a heat source with

0.26 ppm plutonium-236

Time period Factor to multiply by to

(years) obtain average dose rate
0-5 1.18
0-10 1.41
0-15 1.53
0-20 1.60

el

DX,
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The total annual dose equivalent as a function of distance from the plutonium-238 source was
obtained by adding the neutron and gamma dose equivalents as shown in Fig, F.4. This figure
gives the annuyal dose equivalents (millirems/year) for a 2-year-old source containing 0.26 ppm
plutonium-236. The total annual dose equivalent was plotted as a function of distance in this
figure to enable a comparison with annual rates from natural radiation sources. However, the
integrated dose equivalents over 0-5 years, 0-10 years, etc., cannot be determined directly
from this graph. The values must be corrected for the radioactive decay of plutonium-238 and
the growth of daughter radiations from plutonium-236.

The photon dose rate variation is a complex function of the plutonium isotopic composition and
the time since chemical separation of the piutonium. Battelle Northwest Laboratory has developed
a computer pregram called PUSHLD that accounts for these variables for plutonium, Figure F.5
shows the variation in photon dose rate with time at the surface of a pulse generator, adjacent
to the plutonium-238 source, as a function of plutonium-236 content. For these calculations a
156-mg plutonium-238 source was used that had an isotopic content of 90,147 plutonium-238 and
0.414% plutonium-241, In 18 years only 1 ppm of pluionium-236 can increase the dose rate by

a fggmr of 4.6, However, the dose rate from the daughters of plutonium-236 reaches a maximum
at years.

The gamma dose rates and neutron dose-equivalent rates were multiplied by the factors in Tables
F.6 and F.7. Dos equivalents are given in Tables F.8 and F.9 for the pulse generator above the
left pectoral muscie and on the left side of the abdomen respectively. Approximate iso-dose-
equivalent curves are shown in Figs. 7.6 and F.7 for a plane passing through the pulse generator.
The organs do not necessarily lie in this plane, and, therefore, the organ dose equivalents me_
not agree with those indicated in the figures.

A1l of the urgan dose equivalents are below the 0.5 rem per year, which is the maximum permissible
dose equivalent for nonoccupational exposures to the whole body and critical organs, including
blocd-forming organs, of individual members of the population., As a basis of comparison, Fig,
F.8 contains the annual dose equivalents to individuals from natural radiation backgrounds and
diagnostic medical x rays estimated for 1970 by the U.S. Environmental Protection Agency.”’ The
figure also contains the doses to various organs and the whole body of the pacemaker patient
with the pulse generator located above the left pectoral muscle. The annual dose equivalent at
8 cm from the source is the same as that received by a jet airline crew member flying B0 hours
per month. The annual dose equivalent to the ovaries and testes from the pulse generator
located above the left pectoral myscle ic below natural background levels. (The highest gonad
dose-equivalent rate was about 210 millirems/year to the left ovary from the pulse generator
located in the left side of the abdomen.)] The annual dose equivalent to the whole body is about
70 millirems/year for the pulse generator located in the left side of the abdomen.

REFERENCES FOR APPENDIX F

1. L. W, Brackenbush, G. W. R. Endres, and B. 1. Griffin, Hadiation loses From the Medtronic
Lawrews-Aloatel Model 8000 Pulge Generator, Report No. 2211201653, Amendment 2, Battelle
Pacific Northwest Laboratories, October 1973.

2. A. W. Klement, Jr., C. R. Miller, R. P, Minx, and B. Shleier, Eetimates of Iomising
Radiation Doses in the nited States 18€0-£000, Report ORP/CSB 72-1, U.S. Environmental
Protection Agency, 1972,
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Fig. F.4. Annual dose equivalent as a function of distance in tissue from a pulse

generator containing 0.26 ppm plutonium-236 at two years after chemical separation.

Source:

L. W. Brackenbush, G. W. R. Endres, and B. 1. Griffin, Radiation Doses from the Medtronic Laurens-
Aloatel Model 9000 Pulse Gemeratior, Report 2311201653, Amendment 2, Pacific Northwest Laboratories,

October 1973.
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Table F.8. Dose equivalents to organs for 5-, 10-, 15-, and
20-year periods from a pulse generator that contains
173 mg of Pul, and is located above the
left pectoral muscle

Integrated gg%g gggig_a_lentg neutro:, and gamma
years, 10 years, 15 years, 20 years,

Location rems rems rems rems
Thyroid 2.7 5.5 8.9 12
Left axillary

lymph nodes 2. 5.1 8.1 11
Right axillary

1ymph nodes 0.33 0.88 1.2 a7
Sternum &:3 4.7 7.8 10 *
Left pectoral muscle

(bace of breast) 0.76 1.8 2.7 3.6
Right pectoral muscle

?base of breast) 0.31 0.82 1.2 1.7
Heart 0.70 1.7 2.5 3.2
Liver 0.23 0.64 0.97 1.4
Spleen 0.30 1.3 1.9 2.4
Stomach 0.29 0.80 1.2 1.6
Left kidney 0.20 0.52 0.81 12
Right kidney 0.19 0.48 0.75 1.1
Left ovary 0.11 0.25 0.41 0.60
Right ovary 0.11 0.24 0.40 0.58
Uterus 0.10 0.23 0.38 0.54
Testes 0.09 0.20 0.32 0.43
Spine (average) 0.70 1.6 2.4 3.3
Torso (average) 0.70 2.7 2.5 3.3
Whole body (average) 0.36 0.95 1.8

e O
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Table F.9. Dose equivalents to organs for 5-, 10-, 15-, and

20-year periods from a pulse generator that contains
173 mg of Pul, and is located on the left
side of the abdomen

Integrated dose equivalent, neutron and gamma

5 years, 10 years, 15 years, 20 years,
Location rems rems rems rems

Thyroid 0.11 0.26 0.43 0.62
Left axillary

1ymph nodes 0.19 0.50 0.79 L 9%
Right axillary

1ymph nodes 0.16 0.38 0.63 0.90
Sternum 0.20 0.56 0.87 .2
Left pectoral muscle

(base of breast) 0.18 0.47 0.74 1.0
Right pectoral muscle

(base of breast) 0.17 0.42 0.68 0.98
Heart r 8 0.98 1.4 3.9
Liver 0 1.3 1.9 2.4
Spleen 0.49 1.2 1.8 2.5
Stomach : (4 2.4 . 5.0
Left kidney 0.90 2.1 3.2 4.2
Right kidney 0.59 1.65 2.5 3.2
Left ovary 1.1 2.6 4.0 5.3
Right ovary 0.76 1.8 2.7 3.6
Uterus 0.53 1.4 2.0 2.6
Testes 0.29 0.80 1.1% 1.6
Spine (average) 0.89 2.1 3.4 4.3
Torso (average) 0.87 2.1 3.2 4.3
Whole body (average) 0.53 o 2. 2.6
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Fig. F.6. Iso-dose-equivalent curves for pulse generator placed above left pectoral
muscle for a 10-year period. (The curves shown are for a 173-mg plutonium-238 source. For a
250-mg source, the dose equivaient should be multiplied by a factor of 1.45.) Source:

L. W. Brackenbush, G. W. R. Endres, and B. I. Griffin, Radiation Doses from the Medtronic
Lawrens-dloatel Model 9000 Pulse Gemerator, Report 2311201653, Amendment 2, Pacific Northwest

Laboratories, October 1973.
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Fig. F.7. [Iso-dose-equivalent curves for pulse generator placed on abdomen for a 10-year
period. {The curves shown are for a 173-mg plutonium-238 source. For a 250-mg source, the
dose eguivalent should be multiplied by a factor of 1.45.) Source: L. W. Brackenbush,

G. W. R. Endres, and B. I. Griffin, Aadiation Dosee from the Medtronic Lawrens-Alcatel Model
9000 Pulee Generator, Report 2311201653 Amendment 2, Pacific Northwest Laboratories, October

1973.
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Fig. F.8. Annual dose equivalents from various radiation sources compared with annual
dose equivalents from a pulse generator. (*From a 2-year-old source containing 0.26 ppm
plutonium-230.) Source: L. W. Brackenbush, G. W. R. Endres, and B. . Griffin, Radiation
Doses [rom the Medtromie Laurens-Aleatel Model 8000 Pulee Gemerator, Report 2311201653.
Amendment 2, Pacific Northwest Laboratories, October 1973.
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available rechargeable pacemaker at this time requires recharging once a week making the patient
aware of this. ? am totally against this concept. As far as the nuclear battery is concerned,
in my hands they have thus far been guite satisfactory. We have inserted 10 nuclear powered
pacemakers supplied by the Medtronic Corporation under the appropriate grant, These pacemakers
have been inserted in those of our group who are 65 or younger. They have thus far worked quite
well...l believe that the concept of inserting an artificial device into a patient and then being
able to tell him to forget all about it is most important for the patient and will save money in
the long rin since every time it is necessary to tamper with the battery, there is always the
possibility of problems and we have certainly had occasional infection in our series during
battery changes which required extensive surgery thereafter."

5. List the unique disadvantages of:

a. meroury battery powered pacemirers,

Response Total
None 3
Short life and frequent
replacenent 96
Large size 8
Unreliable battery 14

b. Llitatum battery powered pacemakere,

Response Total

None 13
Relatively short life

Large size and weight

Limited use, unproven reliability
Higher cost

-
~N W

C. rechargeable nickel-cadmiwn battery powered pacemakere,

Response Total
Unproven 15
Recharging unacceptable 76

d. mewlear (plutoniwn and/or promethiun battery powered pacemakers).

Response Total
None 6
Large size n
Unproven 9
High cost 61
Radiation risk 27
Paperwork and "red tape” 20
Unavailable 9

5.1 Physician's comment (105):

“(a) Mercury battery powered pacemakers - The only disadvantage is that of relatively short
life expectancy of pacemaker which we hope has now been circumvented so that these
pacemakers will, indeed, last 5-8 years, the average life expectancy of our average
pacemaker patients.

"(b) Lithium battery powered pacemakers - Lisadvantage is that of the Lithium source itself
which has created some difficulty. The increased cost and the possible susceptibility
of the circuitry to failure prior to the Lithium power source.
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“(c) This pacer has the major disadvantage that its function is in the direct control of the
patient. This is a great vulnerability. In my series of patients, numbering about
1500 implants, 90% of those patients I deemed competent to use a rechareable unit re-
jected it as being an unnecessary bother when offered it, along with a mercury,
Tithium, and where appropriate a nuclear pacer along with a full explanation of the
virtues and liabilities of each.

“Also, at least 10% of my entire living patient group are hospitalized each year for
non-pacer related causes some not at the institution at which I work. Twenty-five
percent of all my patients live in a chronic care facility. Frankly, 1 wonder whether
such patients will be adequately recharged as they are widely disversed among inititu-
tions. My impression of the general ievel of comprehension of pacer technology in the
general medical and nursing public does not inspire confidence that these patients will
receive adequate care.

“(d) The nuclear pacemakers are in restricted use. Many patients and physicians have
persistent questions concerning the safety of these units both for the individual and
those about him. As one of my patients (who eventually accepted a nuclear pacemaker)
indicated, the pacer is cesigned to resist all credible accidents, but the world is
becoming more incredible daily. The question of free international travel for those
uitt‘n nuclear pacemakers seems to remain unresoived but may be a hindrance to use of
nuclear units.”

5.4 Physician's comment (75):

“...if 1 needed a pacer | would be willing to accept the possibility that the new nuclear unit

at least offered me the opportunity of never needing another replacement, and accept this rather
than a unit which I knew had to be replaced within a given period of tise. From the personal
experience we have had with patients, very few had been willing in our area to accept the recharge-
able concept. [ think most people do not want to be constrained by the fact that they have to
have the unit recharged and become psychological cripples as the result of this. Their experience
with rechargeable flashlights, etc. has certainly not stood the test of time, and I dount if a
pacemaker will be any different.”

6. Do any of the disadvantagee you listed in Question 4 make the pacemakers wnacceptable for
your use, at least in eome patienta?

a. dHg
Yes 17
No 63
b, Li
Yes 22
No 52
c t-Cd
Yes 68
No 28
d Nue Z-r.';lt'
Yes 52
No 45

6.1 Physician's comment (48):
“(a) Hg; No, not unacceptable but undesirable.
“(b) Li; Yec; lithium pacemaker is too large to permit use in patients with minimal subcu-
taneous tissue.
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"A question has be¢n raised concerning the use of a nuciear pacemaker and its recovery and reuse
in the event of a patient's death. The Montefiore Hospital and Medical Center series is care-
fully followed, at great effort and cost, yet the yield of pacemaker recovery after death,
including those who die and are buried before we are notified, lead me to believe that the
recovery rate for nuclear pacers, were they to be widely used would be too Jow to make the
prospect of consistent reuse feasible. An effort to increase the recovery rate would be too
expensive and perhaps intrusive in persons' privacy to be a viable alternative.”

8. o you believe life expectarsy should be a conaideration in the preseribing of nuclear
pacemakera? If so, what + sould be the minimum life expectaney for waien a nuclear implant
ia oongidered?

Yes teu

No 7

¥ . nimum 1ife expectancy Total
less than 5 years 2
5-9 years 18
10 years 33
more than 10 years 33

8.1 Physician's comment (104):

“Life expectancy should not be a consideration in the prescribing of nuclear pacemakers except
for the extremely aged patient perhaps in his aineties for whom life expectancy would hardly
justify a 20 to 40 year pacemaker. I think the patient should have a life expectancy of at
least five or six years before a nuclear powered pacemaker would be considered, anything less
than this would be an indication for a lithium powered device or possibly a mercury powered
pacemaker. The prevailing feeling tr.c nuclear powered pacemakers should be reserved for

young patients and not prescribe< [or old patients 1 believe is mistaken. [ think in advocating
this view we are looking through the wrong end of tne telescope. Insurance statistics have
shown that patients that reach the age of 70 which is the most common age for insertion of a
permanent pacemeker have an 80% expectancy of living another ten years. Many of them have a

15 to 20 year life expectancy at the age of 70, We cannot make second class citizens of the
largest group of patients for whom pacemakers are required and 1 believe that people at this
age around 65 to 70 will be those for whom the nuclear powered pacemakers should be first
considered. In this connéction it she-ld be pointed out that a patient who gets into difficulties
in his thirties or forties and requir.s a pacenaker ve-y likely will not live very long.
Furthermore there are some people who feel that extremely young age may be a contra-indication
for the use of the nuclear pacemaker because of the possible long term effects of the minimal
radiation. We are left then with the reverse picture of that comonly presented, namely that
the older patient and these of course are the ones most frequently requiring a pacemaker.”

9. IS yowr patients had a choioa of pacemaker type, what percent do you believe would chocse
nucleéar powered pacemakers veraus altermative omes when the performance characteristics,
relative rigsks, and any cther pertinent factors are disclosed to them?

Response Total
0% 5
less than 5 15

5-10 19
11-20 6
21-50 16
more than 50 43
more than 90 15
few (=50%) 66
oel (>50%) 58
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9.1 Physician's comme t(75):
"No patient that [ offered a nuclear unit to date has refused it."

9.2 Physician's comment (40):

“l de not believe my patient should have the choice of pacemaker type. 1 feel this is, strictly
speaking, a medical decision and the patient should not participate in it."

9.3 Physician's comment (102):

"In my own practice, I Timit the patient input as to choice of pacemaker to some extent since

I do not believe most patients have the medical background to accurately evaluate the proper
unit for their own use."

9.4 Physician's comment(48):

"By in large, the patient accepts whatever pacemaker system is recommended to them by their

J responsible physician and does not possess sufficient technical knowledge to make a valid
Jjudgment himself."

: 10. In your opinion, should any limitations be imposed on patient gelectiom jor nuclear

) pacemgkers? If so, specifically what do you recommend? (e.g., marimen age, minimim age,

expected swrvival time, coexistent comditioma, emotional suitadility)

Yes 36
No 24
Age limitations
Max imum Total Minimum Total
i
70 or more less than
! years 8 18 years 9
| 65 years 11 more than
60 years [ 18 years 7
less than 60
years 12

10.1 Physician's comment (102):

| “l believe the final decision as to the use of such units should rest with the implanting
| physician.”

10.2 Physician's comment (42):

Yes. The limitations should be:

“(a) No growing children until local rddiation effects - whatever they are or are not -
have passed the test of greater time.

“(b) Maximum age of 65 - 70 years.

“(c) Life expectancy about 15 years.

“(d) Obviously no life threatening coexistant conditions should exist. For a neoplasm such
as breast carcinoma I would want a ten year survival free of tumor before considering
a nuclear pacer.

“(e) Emotional stability is important for the patient's peace of mind."

621 271
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10.3 Physician’'s comment (24):

“At the present time it is my opinion based on current available technology that nuclear pace-
makers should bs limited to clinical evaluation. The availability of long life lithium battery
powered pacemaker units do not justify the inherent risks in fabrication, materials handling
and use of nuclear pacemakers."”

10.4 Physician's comment (108):

“Age range of recipients is currently estimated at 15-65 and should be matched with an estimated
patient su'viva, time. Any coexistent condition which might be the basis for seriously
questioning -i..ents longevity would constitute a relative contraindication for use of a
nuclear device. Because of the restrictir . o. ,‘tient mobility, the necessity for recovery

of the radicactive material postmortem ara the fol,wup relationship even in the absence of any
pending pacemaker failure or the necessi:y for replacement is such that an emotionally unstable
patient should probably be disqualifie as an appropriate recipient of a nuclear device."

1. If you recommended any limit tions in the preceding question, should they be imposed by:

a, conditions of licensing nuclear | wcemakers?

Yes 50
No 36

b. ineurers (Medioare, Blue Crose, ete.)?

Yas 12
No 60

€. peer review?
Yes 58
No 29

12. What ia the mortality rate for elective replacement of atill functioning pacemakers? What
te¢ the rate and geriousniess of complications in these replacements?

Mortality rates Total

0 % 77

less than 0.5 7

more than .5 but less than 1 14

1-5 15

Minimal 10

Source of

Morbidity rates Toie! compliication Total
0% 5 Infection 37
less than 1 6 Lead related 4
1-5 35 Other 15
5-9 7
10-20 2
more than 20 1

12.1 Physician's comment (4&):

“In this institution there has never been a Jeath related to elective replacement of a pacemaker
device in approximately 3500 procedures. (Com lications from these replacements increase with
rcliv succeeding replacement as tissue vascular/ity becomes further compromised by repeated
rcisions.”
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12.2 Physician's comment (21):

“Negligible in our hands. ! do not remember a death in tie past ten years. The principal
complication is infection, which requires repacement of the system but is not 1ife endangering.”

12.3 Physician's comment (75):

“The mortality rate for elective replacement of functioning pacers is esseriially zero for
transvenous units. Mortality is not the problem but the morbidity associated with these repeated
surgical procedures, namely at least an overall 20% to 30% complication rate when one includes
extrusion of the pacer, infection, dawaging electrodes, displacing electrodes and the pain and
suffering of the repeated operations, part?cularly when it is the third or fourth procedure.
Also, the older patients are generally not able to cooperate under local anesthesia and require
a general anesthetic.”

13. What is the mortality rate for replacement of pacemakers that have gome to battery depletion?
What ia the rate and seriousnees >f compliocations in these replacementa?

Mortality rate due to
battery depletion, ¥

0 4
less than 1
1-2

3-5

6-10

11-20

more than 20

—
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13.1 Physician's comment (48):

“There has been nc mortality whatsoever in this institution relative to any type of permarent
pacemaker ?rocedure regardless of whether the battery had gone to depletion or not. However,

it may well be that certain patients who have died outside of the hospital had done so due to
undetected battery depletion. In our own group of patients we have never documented this despite
careful followup of all patients who have died.”

13.2 Physician's comment (75):

"The mortality rate for replacements of pacers that have gone to battery depletion again is
probably unknown since a good percentage of those people would die suddenly and not reach the
hospital, particularly if they were pacer dependent. If they were not totaily pacer dependent,
the major complication is syncopal episodes which can lead to multiple episodes of cerebral
ischemia each of which would cause some degree of brain damage. As these patients come in with
battery depletion, they become emergency cases which require monitoring beds in intensive care
or coronary care units. Secondly, they usually require immediate placement of a temporary pace-
maker through subclavian vein puncture. This procedure in itself can be quite serious,
particularly since it can lead to a pneumothorax that is a collapsed lung or perforation of the
subclavian artery with hemothorax as a complication., If one is in the 60 to 70 age bracket, this
is indeed a serious complication. In addition to that, of course, if one is on anticoagulants
such as a patient needing a prosthetic valve replacement, serious hematoma can form within the
wound and secondary infection is a very real problem. Of course, the major concern in older
debilitated thin patients is extrusion of a pacer through the skin when repeated surgery is
required.”
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