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: WEST

Arco Nuclear Model NU-5 pacemakers were implanted in humans from 1973 to 1978 as
part of a clinical study to investigate their performance. The pacemaker power source is
a sintered PU-238 oxide fuel pellet from which its decay flows through thermoelectric wires
and eventually converted to a DC voltage by normal thermocouple action. Extensive testing
such as dog implantations, impact tests, crush tests, temperature and cremation tests, and
capsule pressure considerations were completed to ensure pacemaker integrity in the
unlikely event of an accident.

During the clinical study phase, reports were sent to the Nuclear Regulatory Commission
with information as specified in both the "Research Protocol for Clinical Investigation of the
Arco Nuclear NU-5 Pacemaker” and attached "Contents of Sponsor’s Periodic Report on
Clinical Performance of Pacemaker” (Attachment A). The last full report during this study
phase was submitted on October 15, 1980. After that, certain reporting requirements
changed and semi-annual inventories were submitted to conform with the license. A copy
of the latest inventory submittal is included as Attachment B.

In order to more fully update the Nuclear Regulatory Commission, per their verbal request,
a report was submitted on January 15, 1988. This report, and all subsequent reports, will
be submitted per Condition 12 of our material license and presents in addition to the above:

€ Implanted and explanted pacemaker tables with relevant information as
specified in Attachment A, "Contents of Sponsors Periodic Report on Clinical
Performance of Pacemakers" (Tables I and II)

e Calculation of nuclear pacemaker failure rate and mode as required in
Attachment A, Section ILD (Attachment C)

L3 A list of the pacemaker failure related explants since the last reporting period
(Attachment D)

. PURPOSE OF THE TECHNICAL MEMORANDUM

The purpose of this technical memorandum is to report upon and update the progress of
the clinical study of the Arco Medical Products NUS model radioisotope powered cardiac
pacemakers from February 1, 1995 to January 31, 1996 as specified in the "Contents of
Sponsor’s Periodic Report on Clinical Performance of Pacemakers." This is the thirtieth
technical memorandum summarizing the clinical data to be submitted to the Materials
Branch of the United States Nuclear Regulatory Commission, in compliance with license
SNM-1993 which replaced #37-14916-01.
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Tables I and II list nuclear pacemakers implanted and explanted, respectively. The
pacemakers are listed in numerical order with the fixed rate units first, followed by the
demand units.

118

Information listed on Tables I and II are the pacemaker identification and any follow-up
information required in the "Contents of Sponsor’s Periodic Report on Clinical Performance
of Pacemakers." Specifically, the follow-up information listed is in items A.1.J, and A.1.M
through A.1.0. Items A.1.K and A.1.L are covered in the explanted pacemaker table. The
information requested from items A.1.A to A.1.I is static and can easily be referenced from
previous reports.

Information shown in Table II is also represented in the same format. Along with
pacemaker identification are the implant service days and reason for explantation
corresponding to items B.1.J and B.1K, respectively. Item B.1.K is depicted as a number
which must be referenced to Attachment to Table II. Items B.1.A to B.1.I are also static
and can be easily referenced in Attachment B. Attachment IJ describes pacemakers
explanted due to pacemaker failure.

Iv. NUCLFAR PACEMAKER ACCOUNTABILITY AND FOLLOW-UP

Data from all investigators have been accounted for except where patients have elected not
to attend their semi-annual physician follow-up. The right hand column of Table I is
entitled "Contact.”" A "yes" indicates current physician/patient contact, "LTF" indicates
patient is lost-to-follow after numerous physician attempts to contact the patient, and "N/A"
indicates patient has left the United States permanently. A" - * in the bracelet & ID present
column indicates no information was retrieved from physician follow-up correspondence
indicating the patients had the bracelets and wallet cards on their possession.

V. CLINICAL PERFORMANCE ANALYSIS

Five goals were outlined in Attachment A, Section II for program performance analysis, and
listed as subsections "A" through "E." Subsection goals "A," "B", and "E" were completed by
Arco Biostatisticians on former reports. Thus, this and all subsequent reports, will contain
relevant information only on goals "C" and "D."

The pacemaker failure rate, as shown on Attachment C, has been calculated for the period
from 10/15/80 to 1/31/96 and from program inception to date; columns "A" and "B"
respectively. All calculations were based on data from 79 and 125 implants, due to one
patient who left the United States resulting in no pacemaker service data. As can be seen
in Attachment C the pacemaker percent failure is 16.80% for the total program and 21.52%
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from 10/15/80 to 1/31/96. This yields an average monthly failure rate of 0.14 and 0.18 for
those same respective time periods.

Based on the data found in Attachments C and D, there is no evidence reported of any long
term adverse side affects or other unknown factors associated with the nuclear pacemakers.
Additionally, there is no statistical evidence suggesting any deleterious failure rates or modes
associated with the program.

Derwe \¢ wreo |\ arvosech ¢ 30 rp



TABLE |
IMPLANTED PACEMAKERS
AS OF 1/31/96

PACEMAKER ID PACEMAKER SERVICE INFORMATION SUPPLEMENTAL

MODEL # PACER#  IMPLANT DATE FOLLOW-UP DATE IMPLANT BRACELET & CONTACT
DAYS  ID PRESENT

- ——— . —————— i ——————————————————————————. ————————————————————-—

NU -&F 90 04/10/73 11/30/95 8269 - YES
NU -56F 94 06/05/73 12/11/95 8224 - YES
NU-5F 103 04/09/73 12/26/95 8296 - YES
NU-8F 120 07/24/73 10/01/76 1165 - N/A
NU-5F 126 06/12/73 01/09/96 8246 - YES
NU-5F 149 08/07/73 11/21/95 8141 - YES
NU-8D 459 11/18/75 10/09/95 7265 - YES
NU -6F 481 10/01/76 08/24/95 6901 - YES
NU -&F 483 03/04/75 12/07/95 7583 - YES
NU-5D 490 03/05/75 08/21/95 7474 - YES
NU-5D 498 04/15/75 12/13/95 7547 - YES
NU-5D 499 09/13/76 11/02/95 6989 - YES
NU-8D 504 04/20/77 12/07/95 6805 - YES
NU-8D 506 05/19/75 12/28/95 7528 - YES
NU-5D 509 04/04/75 11/14/95 7529 - YES
NU-8D 813 03/18/75 10/31/98 7532 - YES
NU-5D 523 11/13/76 01/02/96 6989 - YES
NU-8D 827 05/14/75 10/02/95 7446 - YES
NU-5D 529 03/13/76 11/28/95 7198 - YES
NU-8D 537 08/04/76 10/31/98 7027 .- YES
NU-8D 539 10/24/75 01/15/96 7388 - YES
NU-8D 544 12/09/75 12/19/95 7315 - YES
NU-8D 562 11/19/76 10/31/95 6920 - YES
NU-8D 586 01/23/76 08/01/86 3843 - T,
NU-8D 611 07/07/76 12/15/95 7101 - YES

L.T.F. = LOST TO FOLLOW

N/A - LEFT THE USA PERMANENTLY



TABLE I
EXPLANTED PACEMAKERS
10/15/0 TO 01/3196

PACEMAKER ID PACEMAKER SERVICE INFORMATION EXPLANT DATA

MODEL # PACER#  IMPLANTDATE EXPLANTCATE  IMPLANT  EXPLANT

DAYS CODE
NU-5F 70 04/10/73 07/08/90 6290 13
NU -86F 74 06/12/73 04/01/80 5803 36
NU - 5F 80 02/19/74 01/05/81 6480 03
NU - 5F 83 04/10/73 08/01/08 4861 03
NU -5F a8s 04/09/7% 10/20/91 6777 o2
NU ~8F & 04/10/73 08/19/81 6736 11
NU - 5F o7 06/05/73 09/01/88 5504 21
NU -8F 100 04/08/73 C/12/87 5057 19
NU -8F 107 04/10/73 011587 5028 03
NU-8F 116 07/06/73 08/01/89 5870 03
NU - 5F 128 06/12/73 02/09/68 5355 03
NU ~5F 13 06/18/73 08/19/98 7408 03
NU - &F 138 12/10/73 121782 3204 36
NU ~8F 140 08/13/78 10/15/81 3046 36
NU - 6F bt 07/27/73 10/02/87 5180 06
NU-5F 145 08/14/73 09/24/81* 2032 22
NU-SF 155 12/08/73 10/24/94 7630 14
NU~&F 157 11/23/73 05/22/87 4928 06
NU ~5F 176 05/14/74 08/01/89 5558 13
NU -5F 318 05/2e/74 06/28/88 5145 25
NU-5F 349 08/08/74 08/17/95 Ta94 25
NU~5F 342 10/08/74 09/16/87 4726 22*
NU-SF 361 10/29/74 12/21/61* 2610 36
NU-SF 362 10/25/74 12/03/91 8679 02
NU ~5F 363 10/10/78 08/01/89 5044 21
NU~80D 408 07/05/74 01/15/82 s 25
NU-8D 480 03/06/75 04/13/80 5517 18
NU-50D 462 03/03/7% 01/25/81 5807 13
NU-8D 465 03/24/7% 07/28/92 6336 0z
NU~-8D 467 06/04/75 03/21/60* 1752 36
NU-8D 474 11/23/73 08/30/88 5426 25
NU~-50D 476 01727175 11/29/89 5420 13
NU-8D 477 0516/75 11/19/81 237% a6
NU-~8D 492 011 7/78 05/15/87 4501 19
NU -850 G 02/07/7% 12/15/81* 2508 36
NU-8D 501 04/17/78 04/14/87 3284 2%
NU-5D 508 08/14/75 03/09/81 2187 25
NU~8D 518 071675 10/06/88 4833 06
NU~8D 519 05/22/75 09/20/88 4870 06
NU-5D 524 0212/76 11/20/94 6856 2B
NU-5D 525 05/30/7% 09/18/95 7417 02,0:
NU -850 528 06/17/76 12/14/81 2006 36
NU-8D 542 03/08/76 086/31/98 6385 02
NU-8D a5 08/20/75 01/31/84 077 0
NU-8D 542 12/02/75 04/20/95 o079 01
NU-5D 545 02/05/75 10/02/82* 2798 36
NU~-8D 540 V8T8 06/12/87 a2z 21
NU-8D 571 08/29/7% 01/15/82* 2331 36
NU-5D 572 10/08/75 010782 5835 02
NU--8D 581 can7me 12/05/04 6566 36
NU-8D 563 03/04/7€ 12/01/8% 3559 n*
NU~-8D 587 06/03/76 11/16/88 45458 39
NU-8D 502 08/04/76 12/28/88 4529 21
NU-SD 623 o7/28/76 01/06/82* 1988 36
NU-8D 624 05/26/76 12/16/81* 2030 36

* EXPLANT DATA UNAVAILABLE. DATE SHOWS LAST PATIENT CONTACT REPORT
** DETAILS REPORTED AS NON-PACEMAKER RELATED, PACER NOT RETURNED.
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ATTACHMENT TO TABLE II

CODES USED FOR EXPLANTING DATA

Battery Depletion
Impending Pacemaker Wearout
Patient Death

Wound Dehiscence (Opening)

Infected Pocket (Pacemaker
Bursa Infection)

Loss of Sensing Function,
Pacer Not in Design

Specifications
Competition
Electronics Failure

Lithium Battery Failure

Nuclear Battery Failure
Random Failure

Delaminated Capacitor

23

27

30

31

32
33

Lead Could Not Be Removed From Pacer
Muscle Stimulation

Elective Replacement, Not Pacer Related,
Pacer Normal

Lead Could Not Be Inserted Into Pacer,
or Set Screw Could Not Be Tightened

Pacer Rate Increase/

Decrease Reported, Pacer

Normal Upon Return

Pacer Rate Change, Pacer

in Specification

Loss of Capture, Non-Pacer

Related (Plug Missing, Fluid in Terminal)

Pacer Returned Because of
Cracked Epoxy

Automatic Rate Equals Magnetic Rate,
Physiological Reasons

Non-Pacer Related Oversensing
Set Screw Head Stripped

Pacer in Spec., Explanted
Due to Apparent Pacer Inhibition
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Attachment To Table Il - Continued

13 Lead Changed, Pacer Removed 35  Automatic Rate Equals Magnetic Rate,
Electronic Failure

14  Patient Requires Faster 36  Pacer Returned Without
Rate Pacer Details; Pacer in Specification
15  Loss of Sensing, Patient 37  Pulse Width Variation due
or Lead Related, Pacer Normal to Psuedofusion; Pacer in
on Return or Reimplanted Specification
16  Electronics Damaged During 38  Advisory Return, Pacer in
Defibrillation Electrical Spec. Upon Request
17 Pacemaker Erosion Reported 39  Loss of Capture, Pacer
Related
18  Pacer Reported Not in Spec. 40  Advisory Unit Not in
at Implant, or After Implant, Specification Upon Return,
Unit Normal on Return Non-Feedthrough Related; Pacemaker
Still Functioning
19  Loss of Capture, Non-Pacer 41  Connection Problem
Related
20  Feedthrough Failure 42  EMI Filter Capacitor
(Advisory Group) Shunt; Results in Low

Output Amplitude

21  Pacemaker Rate Change, Pacer
Out of Specification

22  Pacer Explanted, Problem

Reported Without Details,
Pacer Not Returned

e |- @nce | areowech # X0 g
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RESZARCH PROTOCOL FOR CLINICAL
DNWESTIGRTICN CF THE ARCO
NUCLEAR NU-5 PACE(KER*

MARCH 25, 1974

*As of pay 17, 1975, ARCO Nuclear Corpany became
ARCO Madical Products Corparny.

N ARCO Nuclear Company

N  Ssubsidiary of AtianticRichfieldCompany
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I. Title of Study
Clinical Investication of The ARCO Nuclear -5 Paceraker.

11. Puzpose

The purpcse of this study is to clinically isvesticate the
perforrance of the ARCD Iuclear NU-S Radiocisctcpe Powered Cardiac
Paceraker. This clinic.\l investication is based cn sound bio-
statistical rethods” and has five major coals which are:

A. Determine the randcm failure rate of the nuclear pacemaker and
capire it to' the ccaventicnal battery powered paceraier. This
determinaticn will also include a characterizaticn of "infan
rortality” failure rates and moces. .

B. Determine the failure rate distributicns and which distributicns
apply in the statistical traatment of the reliability data. This
will inclufs a determiraticn of t-e accuracy of tha Peissen
assurpticns.

C. Confirmaticn that there are rno long tarm adverse sice effects cr
other urkncan facicrs asscciated with nuclear pacevakars.

Deterwire ruclear pacemaker longevity by characterizing the “wear
out” fallure rate and mocle.

e

E. Characterize the practicable aspects of the follow up, trace-
ability and recovery of nuclear pacerakers.

177, Descricticon of Paceraker

The nuclear paceraker to be inglanted during the ccurse of this
study is the APCO Nuclear Model NU-S5. Coplete technical data on the
pacemaker including radiaticn levels, reliability tests and safety
tests under conditions of normal use and conditiors of credible
accidents are on file with the U. S§. Atomic Energy Commission. Due
to the extensive amount of previous testing, the participating medical
instituticns are not reguired to perform radiaticn testing. Under
this protocol, the Hodel NU-5 pacemaker contains a mascirum of 0.45
grass of plutoniua-238 (less than € curies). Tre resulting dose rate
at the maximm point on the pacemaker surface is 5.64 millirads per
hour and 0.37 millirads per hour at 5 centireters from the surface
alcng the maximm dose rate line. The Model NU-5 pacemaker is available
in two types — fixed rate or demand (R-wave inhibited). Use of the
magret in this protocol applies only to the Model NU-5 demand type

pacemaker. .

: The ARCO INclear Statistical Pasis For Clinical Investigation of
Radioisotopic Pacemakers - August 10, 1973
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V.

pPaticat Seloction

Patients ray be of either sex with a maxims age of 65 or minimm
age exual to the age of majority for the state of residence (special
cases, however, ray be considered ¢n an individual basis by the
appregriate licmsing authority for older or younger patients) who:

A. Varrant replacement of their existing pacarzker or the insertion
of a new paceraker due to churcnic heart block or other cardiac

cythn distbances and

B. FKave darcmsirated emcticnal raturity, stabizir,', that they are
reiiable patients who have a record of stable resicence in the
mise such that they are willing to cocrerate in, and are

e |

likely t= recain available for the long term follow-p required ars

C. Fave no meiical conditicn which in the physician's Lest juﬂc;-mt
would limit life expectancy to less than 10 years.

Dxclusicns are the presance of a coexisting disease which ray
pstantially limit 1ife - e.g., potentially prograssive heart
disease, cars-rovascolar disease, disbetes with any end organ
manifestazion or of greater than 10 years' knoun duratiom, ]
re-a) disesse, and recplastic disesse. Prctability cf lack

of fall cocperesicn, high mebility in the pcpulation, emoticnal
distur=ance, alccholism, or other facters ray also contra«
indicate participation.

Durasics ¢f Stxdy

It is anticizated that implantaticns of nuclear pacerakers
under this study will continue for about two years anc that the
minims tize to achleve A, B ané E under Seczion II is two-three
yeers. lengevisy studies and long term sicda effects studies may
reciire much rere time, perhaps in excess of ten years, cue to the
potentially leng life capability of the nuclear pacevaker and its
desicn characteristics.

Informed ceisent shall be obtained from all patients for
participatics in the program and for the ultimate removal of the
paceraker after its expected useful life is exceeded, its failure
or the éeath of the patient, whichever occurs first. The study will
continue throuchors this period with follow-up by the clinics and
repcrting to ARD Nuclear on irplanted pacemakers.

Control Grows

In order to accurately corpare the nuclear pacemaker with
conventicnal pacerakers sound bicstatistical practices requlire use
of c=trol groups. Therefcre, a series of corparable control
patients with comentional pacemakers of the same type (i.e., demand
or fixed rate, bipolar or unipolar) will be followed. The control
paticnts will be treated and followed using the same procedure for
patient selecticn, redical procedures, follow-up, and reporting.

The control grenp will Le at least as large as the ruclear pace-

maker study grop.



VII. Inclantation Procedures and Lead Svsters

Fundamentslly, conmventional technicues of pacemaker insertion
are to be utilizod, but with particular attention to insuring that
the electrodes and leads utilized have an expected life corparable
to that of the paceraker (in cxcess of 10 years) and that they have
appropriate pacing thresholds., Because of the 10 or more year geal,
it is vital that extreve care be taken to use the best available
leads and to insure the best possible lead placemant and configuration

within the bods. Since this is an investigaticnal program, and
not routine clinical use, it is praferable that a limited nurber of
leaé systess be used in order to limit the mmber of variables in
the total pacing svstem and thus develcp more meaningTul data on
lengevity and reliability. Table 1 specifies the preferred lesds
to be used. It should be noted that the NU-S pacemaker is of the
rencpolar type. ‘

In petients with an existing lead, the follcwing shall be done
as a minimm, pricr to implantaticn.

A. Appropiizss chest films must be taken to assess the possibility
of unduly charp curves in lexds, .

B. The type cf existing electrocde must be ascartained and if-it
is not listed in Table I its use must be arproved in advancs )
by ARCD Nuclear, If doubt exists in the jucgment of the responsible
physician as to the reliability and/or compatildlity of an existing
lead, it shculd be replaced by a new one listed in Table 1. For
existing lesds, appropriate adapters may be used to fit the
paceraker; these should be of the type listed in Table 1 or
approved in aivanca by ARCO Nuclear. ‘

The thres-zlé for pacing shall be tested for all electrvdes whether
old cr nev at t-e time of nuclear pacemaker irzlant prior to cornect-
ing the lead +o the paczvaker. Only thcse leads may be utilized in
which acceptatle thresholds are demcnstrated by these tests, Accept-
able thresholds and test procedures are discussed elsevhere in this

protocal.

‘ It is irportant to note that certain information be cbtained and
recorded prior to and at the time of irplantaticn. It is, therefore,
necessary that the Accountability anéd Inplant Data Form (a copy of
which is Ficure 1) be fully studied and understood prior to partici-

pating in this clinical study.

The NU-5 nuclear pacemaker is supplied sealed in gas peomeable
plastic double bags. Sterilization procedures prior to shipping are



Mfg. Model Type . System Maptar
323-451 Myocardial Monopolar Nore
322-256 Endocardial Mconopolar None
2 322-620 Endocardial Mcnooolar Nere
g 322-251 Encdocardial Mencpolar Nome
322-261 Endocardial Yencoolar Nore
322-261 Exdocardial Moncoolar . Mone
5814 Myccardial Bipolar Cordis 331-521
- 5819 Erdocardial Bipolar " Cardis 331-521
6901 Edecardial Bipolar Cordis 331-521
E 6907 E-docardial lencpolar Coréis 331-521
6909 Erdocardial Vorenolar Cordis 331-521

1. To use a lead or adapter not listed,
ARCO Nuclear azproval is recuired.

2. For bipclar leads, use elect-odes with

lovest reasured stimulaticn threshold of pair,

3. For the Cordis 322 series, leads 256 or
620 are preferred cdue to lower stimulation
thresholés in ganeral than leads 251,

261 or 281.
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ViIl.

performed {n gataous ethylene oxide. If the bag is found to be
cpencd or aczidentally riptured, the nuclear paccraker may be re-
sterilized in ethylene oxide gas at terperaturcs not to exceed 50
Follaving sterilizaticn at least 72 hours should elapse prior to
irplantaticn to allow coplete seration. If a pacomaker is dropped,
it should nct be irplanted but, instead, returmed to AICO Nuclear.

*C.

Thrasold Soecifications and Veasursrents

In criar o determing if a particular lead can be used with the
nucliear paceraxer, its stimulaticn threshols rust e measured and
fourZ to be accoptable in additicn to meeting all cf the pravicusly
ciscussed reguiraments.. The stimelaticn thwesnold must be measured
at tte tize cl nutlear pacetaker insarticn but pricr to connection
to the pacevaker. It is inpertant that both currant and voltage
stimzlazicn thresholds be measured. It is also important that
batter; povered instrents be used in threshold measurements since
the expcsed lead ropresents a direct current path to the hear:s and
even 2 minute Tt of leakige curent from power lines represents
a petential I:rillaticn risk if entering the heart dirsctly.

The stimciation Coeshelld will be maasred Utillzing a baststery

Feratel pulse cinarater with adiustatle arplituds and width, The
calizraced accunasy shculd be at least + 10% and the pulse durstion -
shoulé be adiusted to be in the rance of 0.70 to 1.00 milliseconds.
The pulse generator rate should be in the rance cf 65 - 80 ppm.
The negative tammiral of the pulse cenerater is comnected to the

lead vhcse thrasitold is being reasured and the positive terminal
of the pulse catarater is comrnected to the indifferent lead which is
placed in contact with subcutanecus tissue., With the ocutput amplitude
of tra rulse gemaratcr initially set at azproxivately zero, the
apilteds is gmalially increxsed until consistant cagture coouws.
Tre oplivede et which consistant capture ocours is reccorded as the
stimalaticn thrashold. Both cuwent threshnld ané voltage thrashold
values shall be reasured and recordes. It is sucsested that an
B% reccrier De used to chserve consisten: caprure ané that the
cutzut of the pulse cererator set at thresnold values be cbserved on
an oscillescope and reccried with a scope carera.

Only these electrodes may be utilized in which the measured
threshold is no greater than 1.25 ra and 0.90 wolts if newly irplanted
or 2.50 ma ané 1.8 wolts if cucnically irplanted (vhether endocardial

or myocarcial).
Accountability and Inclant Daza Form

In order to insure acequate data for this study i€ is vital that
the Accountability and Irplant Data Form (Figure 1) be completed ,
prorptly after each irplantation and distributed within seven days
after implantaticn as follows:



Orange - Operating Room Copy

Green - Surgeon's Copy

Blue - Patient's Medical Record

vhite - ARCD Nuclear Copy (Pre-addressed and Stamped)

It should be noted that among other things the pulsing rate of the
px&uMlummerWmmthym
Implant Data Forn inediately upon irplantation ad 12 ~ 24 hours
aftar i~plantaticn. The rates should be checved by a pulse intarval
measuring device accurate to + 1 millisecond or + 0.1 pulses per
minvse. It is reccmended that the Accountability and Implant Data

For= be reviesed in detail prior to particizaticn in this clinical
study to insure that all data reguested is cbtained and repcriec.

Bxarples of the type of information required are:
A. Paceraker rnodel, type and serizl number
B. Cate ¢f inglantaticnm, mrgic:l procedure and sita of irplantation

C. Laad ifamtification by tipe, model and serial mummhers, rawly
imslanzed cr pra-existing, cate cf irplantaticn, vein used ard
locaticn of electzode

D. Thoeshold msasuremants and ejuirment used

E. Stimidation rate of the pacsmaker both with and without magret
(if agplicable) F

F. FEistors of previcus implants, remcvals of pacerakers or lesds,
ard reascns for such removals,

Follov={"> Date

At intervals of every three months during the first year and six
months thersafier following nuclear pacermaker inplantaticn each
patient shall receive a2 follow-up examination and the resulting cdata
shall be reportad to ARCO Nuclear on the Follow-Up Data Form (a copy
of which is Figure 2). Typical follow-up data includes:

A. Identificaticn of patient, pacemaker, hospital, physician
B. Date of implantation and follcw-up examination

C. Performance of pacemaker including stimilation rate (with and
without magnet, if applicable)

D. Indication of any malfunction, modifications or replacements of
paceraker or lead system



ALaD NuclzzyCornany
Subsndnarv of AllanucRuchhcldCompmy

PO BORL/LLLCHBUNG, PR W ST VAINA Mlu.a Frosiatel HOLT B RINE

) FOLLOW.UP DATA FONM
(To be vied cach time patient is contacind and/or examined including telephone transmivsion of ECG.)

PATIENT IDENTIFICATION SHEET

Pstient Name .
(¥ : Fun witens

Patient Hospital Record No,

Pacemaker Secial No.

Date of Implantation

Date of Foliow -Up

Name of Physician

Address
Zip

City, State

Area Coce ars Teleohene Wo.

Patient has LD, Card:  Yes

Patient is voescing Riacelet or its Equivalem: Yes No'

Contact maintaines with patient: Yes No

PACEIMAKER FUNCTION

Satislaciory

Unsatisfaciory
Stimulation Rate:  woith Mogact vlo Llagne:

Change from previous rate

Change from initial rate

MEDICAL EXALINATION

Summary:

Reposition: Pscemaker/icadA:oth

Explantation: Pacemcker/lead/both

Reason

Autopsy Resulis (if applicable)

Cause of Death (if applicable)

Title

‘ Date

Signature

This form should bz completed and returned to the maaviscturer
within 10 days of taking lollow-up data.

For urgent questions and far Sssistance concerning this pacemaker, plesse eall 412-035-3111,

(MANUFACTURCAS COrY)

Seal Mere Alver Folsing

FICUT: 2



E. Pusician's oginion and comments on paceroker and load system
F. Swmary of medical examination

G. Indicate wvhether patient is carrying ID card and wearing
bracelet and whether contact with patient has been maintained

since last follow-up

The follow-up data shall include pulse interval reasurerents
(using a davice with a + 1 millisecend or 0.1 p== accuracy) and a
recording ¢f the electrCcardicsram (with ard witheut the racret,
if arplicazie). The Follow-Up Data form shall be campletad and
retixTad to ARCO Muclear within 10 & of each examinatien. 1In
acditinm, the Fellow-Up Cata form s=all be used everytire the patient
is exasinoZ oven if such examiraticns taka place rore cftan than
the specilied freguency including talephcne transnissics of ECGs.

The irpulse rate of the pacermaker will vary in a precdictable
marner Cue &2 radicactive dscay of the fua) ané consequent dacresse
in woltage from the energy scurce to the clectromic circait or cus
to sight improverant in the nuclear bistery effiziency brought
accot by cettaring acticn and slight redigirinusiss of ciarmal Reat
flo: within the battary caused by vigorsus pasiess Physical activity
which causes pulse rate to slightly imcracse af-ar irglant aré then
stacilize. I the measured pace~alier rate (either with or withcut
the ragnet) Ceviates frcm the initial rate reccriad aftar irglantation
By rora than § pulses per minuta, ARCO Muclear shall ba notified
imeciately. 1If the pulse fails to capture iCuring nen-refractory
phases cof the cardiac cycle), ARCO Kuclear shall be rotified
irmediately, andé the investicatcrs shall seex to Fursue the etioleyy,
locking both to potencial failures extermal to the pacamaker and to

the pacaraver.

Epleatic:

Pacorakers will be ramoved if clinically indizated due to
failure, malfimczion, development of "excassive” cpetitien betveen
the pacemalier and neral conducted beats, the cdeash of the patient,
the anticipated exhausticn of the unit or if the pacamaker rate
ciwenges by more than 10 pulses per minute. lhemevar possible -~ i.e.,
, whenever the patient's welfare is not compromised - ARD Nuclear

will be ccnsulted prior to the removal of a paceraker. Any paceraker
or lead which is explanted or repesiticred for any reason shall
be reported in writing within 1 week to ARCO Nuclesr. The report
shall include reascns for acticn taken, date of action, and associated
tests performed. The pacemaker and, if pessible, the intact lead
system shall be remcved upon death and returned to ARCO Nuclear for
evaluation. If no autcopsy is performed, the most probable cause
of csath shall be stated. Autcpsy findines (if appliccble) related
to the paceraker shall be reported and, if possidble, the function
of the paceraker and lead systom will be determined at autcpsy.

All nuclear pacerakers that are explanted for any rcason shal)
be retumad to ARCO Muclear as soon as possible in a shipping pacio.=



xII.

xXV.

supplied by ARCO Muclear and in acoordance with labeling and

shipping instructicns also supplied by ARCO Nuclear., At explantation
the nuclear paczmalier rate shall be recorded (with and without the
magnet, if agplicable) and ARCO Wucleas shall be comsulted, if

possible, for additicnal tests t© be parformed.

Notificaticns

2300 Muclear ond the licensing acency shall be netified within
24 heurs cf the cdaath of any nucloar racenaier bearer, and any
adverse reac=icn and/or relfimcticn involving & pacaTaier systen,
including the leads. AFCO uc.ear srall te notified within 10 cays
of 1css of comtacs with a nuclear pacavaxer Learer. .

Racorss

Cata ard vital statistics pertaining to the nuclear pacemaker
patienste ghall be raintzines as imdividual files ssparately from
routine haspital records. Thase reccrcs shall include:

A. o blus copy ©f the Acscuntability and Implant Lata rem

B. Ccpies cf all Follow-Up Dage Foemm

C. A fully executed copy of the document *Informad Cocnsent For
Surzical Implastation Of Falicisotcpe Posares Cardiac Paczraker”
(a cczy of which is attachsd)

D. Any 2ifiticnal information deemed inportant by the medical
stafl

Infcrma? Consent

All patients shall sign the irformed consent s-atement entitled
"Infor-ed Comsant For Surgical Itplantaticn Of Raclioisotcpe Povered
Cardiac Pace-aker® (a copy of which is attached). Using this
docoment the patient, or his reprasentative shall be informed and

shall acres in writing to the following:

A. That mclu: pacemakers are urler investigation, thare are
alternmative treatments and the patient is willing to paztici-
pate in the investigation : .

B. Trv after the patient's death, or if the useful life of the
pa.cazker is exceaded, or if it ceases to function effectively
. for the patient's medical needs, or if the patient requests
to have the paceraier removed, the nuclear pacemaker rust be
returrad to ARCO Nuclear

10



C. The patiant will always carry the ID card and bracelet on his
persch, and to notify the hospital of any change in his address

or teleghcne moSer.

D. The patient will notify, through the hospital, and ARCO Nuclear,
the aopropriate licersing avthority prior to any travel outside
the United States.

E. Acdwnocledgrent that the patient has had the opportinity to ask
quastics pertaining to the surgical procedures, ruclear
pace=zker, follaos-up proceduires, and possible altemnate rethocds
of treacent.

Ccpies of the siznad comsent form shall be given to e patient,
to ARCD Nuclear and placed in the patient's mecical file.

»V. FPatient Identificaticn

All muclear pacermaker patients shall carry credentials identifying
them as nuclear pacersker patients, These crelentials will incluce
an identificaticn bracelet of the ledical-Alert f,p2 and a wallet
size idantificazicn card., Cn the bracelet will be engraved e
r tiess's rave, the werds “Fadicacti-ve Fasamziar®, the trefoil radiasticn
=al, the werdé "Flisoniumt, andé the werds "In cmergency hespitali-
‘& o dozzh call collect (chene niowber of hespital)®.’a
Jimile of the idemzificaticn card is Figure 3 which ccfitains the
_ lant's nxme, the trefcil mafiation syricl, the wosk "Radicnuclide®,’
. otement thrs the pazient is tis ivplantse of a Radiciteispe
Focered Cardiac Pacsrmsxer, manufactuwrer's nom and phore noter,
paceraker rodel nuther, avount and typ2 of contained radionuclice,
the words “I- case cf cdaath from any cause Or etercency COr trauna
involving paccmaters telezhcna cellest (name and phcne nurber of
parzicizsting imstituzicn and doctor (s) in charge)®, the wards
"Instruct ghcre cperator call concerns Nuclear Pacamaker - Urgent!®,
and the words "Ragulaticns require reroval of pacer upen death.” l

Both the braceles and identificaticn card will be suzplied to
the participating institution by ARDD Nuclear following receipt of
the Accountability anéd Irplant Data Form. The institution will then
give the bracelet and identification card to the patient and remind
the patient to always carry them on his person. If the permanent
brace’et and ID card are not available when the patient is discharged
from the hospital, a tarporary bracelet and ID caxd containing the
same informaticn shall be given to the patient until the permanent
cnes are sizplied.

For each participating institution the telephone operators will
be issuved the folloving instructions: -

A. Any collect calls concemning nuclear pacemalkers will be accepted.

B. The cperator should obtain as much infoprraticn from the caller
as pcssible including:

1. Caller's rawe anéd where to rzach him

2. Pationt's nzme, ondition and whare Lo reach hin

11
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3. 1If any ghysician is present, and if so, his name and
where he can be reached.

4. Condition of pacemaker, if known (i.e., expelled or still
irplanted).

5. Infor-atics on patient's ID card, if available.

C. Such calls represent potsntially severs emergancies and the
cperator shoulé irmadiatsly centact the instituticn's Radiaticn
€afety Cfficar and respconsible doctor while keeping tha caller
cn the lina and standing by.

D. 1f the Fafiasicn Safety Officar cr the rasponsiZle chysician
or dasizmated altermste cannot be reaches, contact Cardiac
Care Unit phvsician on duty and advise of the situaticn and
what information is available.

Parvizimptine Ingtiout:sm Pesuirsments

Darinz tna imvestiyaticnal phase of nuslsas sacaralier use,
liseness are b2iny issued cnly to redical inggitoticsns that can assie
continuity of folice-up of patients with imslancsd zacamakess rather
ghae to imdividual phveicians. A license issual to a medical

tisoeion autherizes a specified inplantaticn limit in terTs of
ncher of pluscnium fusled pacavakers and rejuirss the licensed
irgtisusicn to ba resscnsible for the follcuw-up and racovery of the
nuclesr pacerarers implanted in patients uncer the licanse. The
physicians designated as the respensible imvesticatcrs by the medical
ingtitution ghou'd have substantial esparienca with pacamakars in
the specializies of cardiology and thoracic surgary. The redical
inssicution is expested to have an establishel progTan and

agpropriate facilities Zor the implantaticn and follow-up of carxdiac

pacararers.

Each applicaticn from 2 medical institution saculd incluce:
A. ldentificzticn of the institution as the applicant.

B. Incorporaticn of this research protocol by reference with a
comitrent to follow it.

C. For each physician cn the study team, his name, specialty board
certification, previcus experience in the irplantation ard
follow-up of irplantable pacemakers ircluding specific inforra-
tion e tha duratich and number of pacemakers irplanted and/or
follosd, a breakésm of how many of the implants used myocarcdial
leads and encocardial leads, and position of the physician with

the applicant.

13



D.

F.

G.

<

A lescription of the applicant's present pacevaker irmplantation -
and follop program including size, duration and types of
implantaticns.

Descripticn of the physical facilities and eguigment availatle

for irplastation and follomup. This should include specific
test esuirmant recguired to carry out the tests discussed in this

protocol.

A Cascrizticn of the arplicant's procecures fcr acﬁar.‘:&bili:y
and security azainst leoss or theft of pacarakers before imlanta-
tion o afar removal from patients,

A Cascriztion of the applicant's procedures to assura rnotifica-
ticn of arpropriate individuals within the licensed medical
institutics uzon receipt of a repor: or inguiry concerning a
paca-ater baarer. Include writien instructicn given to telszhicne
cparaters (as cutlined in Secticn XV ef this protocol).

A pracedone foz periodically reviswing all implancatic: and
foliz.wop racords on nuclaar pacavaias patianss and 2slici-p

as nacessyuy o verily that lcss of contact vith the patien:

hag ret oczssad.

A asivaleisment fren the ingtituticn adninigzwation of theis
leng-ta= comitmant and respensibility for the fellowmp and
recc/asy o nucleasr pacemaiiers.

A standariizad agzplication fer will be providad by ARCO Wuclear

to qualified ingzisuticng that wish to azply to participate in this
study, This foom will facilitate rapié procassing cf such azpli-
caticns placing the above resuired informaticn in a crpact stardaxd
format.

SL



DFORED CONSTIT FOR SURCICNL INPLIWTATICQN OF
F0ISOTONE MOVERED CAPDIAC PACTI AITR

I inderstand that for the treatrent of my cardiac conditien - a
disturbencae of nozral cardisc conduction - a cardiac pacereler is to be
implanted in me. I also understand that the surgical procecurs (rayAill)
roquire the placement of a new electrode and lexd into or anto the surface
of my heart ané the implantation of a new cardiac pacaraker, and I
ndarstané thas viaile the surgical procecdure is not of unreascrable risk,
the possidilivy of corplicaticns or even death exists. 1Rhe prosecure
kas poan eplaired to me, in 2 rorner that I could understand, ad 1
have had the cppcrtumity to ask any questicns which I would like.

It is =y unfsrstanding that a radicisotcpe povered carciac pacerarer,
which is row unfargoing its initial clinical use in aprroxirataly
420 parscees, will Se utilized for the irplantatien. I hava been tcld
that the pace-aker cesign has been extensively tested over a pericd of
several vears. - have baen tclé that on the basis of these erpariratts
in anirals a=¢ in the labcratory, wnits of this type are predicted to
nave o relizsle 1ifs epectancy cooparadble £o (andé hopefully comsicarably
i guc3s8 CF) that of cuvent standard cardiac pace-avers. licvaver, I
Lmdargnond thas it is irpessible to be certain of the pacemaier's
acoual ratianilivy, anéd no cuarantee has bzen given to me concerning
the results waich may follow. I understand that the racemaier coes
produce rafiatics, but I have baen told by my attending phisician that
it is ths redical juigant that this radiaticn presents a negligible
hazard to me oné the mavters of ry heuschold.

I umderstané t=at in consenting to the imglantaticn of this poceraker,
T am authorizing, as well, all stancdard cpersting procedures, including
shn almimigtrazicn of aresthetics which may be incident to the creraticn.
For the purpese of advancing medical and scientific kncwledge, I consent
to the aimitsance cf chservers to the cperating rocm.

Ultimately - after my ceath or earlier, if the useful life of the
paceraker is evceedad, if it ceases to funciicn effectively for sy medical
meeds, or if I regues: to have it removed - the pacemaker must be removed
and returmed to ARCO Nuclear Conpany or to its desigree,

(Clinie). Accordingly, I agree to contact
(Clinic) at regular intervals of no less than three ronths

during toe first year and every six nonths thereafter and whenever I
change ry' residence. I will always carxy the erpropriate identification
card ca ry perscn and will at all times wear the stancard icentification

bracelet.

Moncithstanding my contacting the implanting clinic following the
insercict of a cardias pacemaler of any sort, I acree to rerain in pericdic
contact vith ry perschal physician. T will also instruct all mermbers of
r household and inform these who have xitenced contact with me that I

have received a radicisotope powercd carciac pacer implant.




I undarstand that the radicoisotope powered cardiac pacerarer is an
experirental unit. In order to cssess the effectiveness of the device,
and to menitor my perscnal well-being, (Clinic)
is interestod L’l ccllecting data upon the cevice. Accordingly, I agree
to visit (Clinic) in perscn cr to transmit by
tclcpncm (wita thc 216 of a cevice surplied to me and aprplied to the
surface of my skin) my eloct.roca:dior;rm and an indication of the

functicning of the pac:m.kc. I agree to permit this monitoring to be
perfzoxed at least croe mxy three ronths for the £irst vear and every

si.:- renths thereafiar, I further agree to provide imfermaticn en sy

clinicil conéitic as it pertains to the pacaraker at rno less than six
ronth intarvals. Futhermore, I comsent to disclesure by thae clinie

c' any inforraticn scquired by the clinic in regard to the irplantaticn
e u.‘..‘.:is-.-r ,-..crod cardiac pacorakers: provided, howeves, in no
event shall such éiscicsures inclule my ié:.ﬂnf.ca:::.-. without oy

speciiic \-:it ta" azpcoval.

I wéarstand and agree that I rust notily (Clinic)
srior to any travel cutsicde of t-e United States.

I have had the coperTiity to ask any cussticns pertalining to the
$. '—g-cx- precsduce, the redicissisze e coaved cariiac saceraner, axd the
sansdatory fellow=g proceduse, and :':..'-u goasticns have Lean ansuered
to Yy u:is.fa:-..'.c-.. “he poessitle altermace n"'«c«..s cf treaTrans, -~
including the use cf conventicral chemical battery pc»a'td pacr.'\b.on.
nave been callel to &y attenticn, ané I have .,nn given an crportisity to

ask any cuesticns dbeut these altermative methods.

With these facts in mind and with the intent cf ‘-c“" legzally bound,
I relezse any right i3 claim that the implantaticn cf "adiouc:c-,:t poueres
carcisc pacaTarer was nct properly aut Ho:-:od. ané I azTee to the followewp
,ro.-. r2s ard t.‘-c uitizate retim of the wnit as Cez2iled above. 1 agTee
s asge the Tisk ¢f the implantaticn of a -adzcu: re ;:c'c'od Facer a2
::lc-..n anéd dischazza ARCD Nucleax, the '—-la.-t:.rg clinic ang oy phusician
fzom failures net cz-_scé by their fault or nejligence.

Witness (preferatly 2 relative) Dace

Date Patient's sicnature or two Date
persons authorited to ccnsent
for the patient.

Relaticaships to the patient
signing if other than tha patient.

I éerti!y that I have explainod the above
procodure.
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CONTENTS OF SPONSOR'S PERIODIC REPORT ON
CLINICAL PERFORMANCE OF PACEMAXERS

(FOR NUCLEAR PACEMAKERS AND CONVENTIONAL PACEMAYIR CONTROLS)

A. Yor pacezakers in satisfactory service:

1. Tabulate each implanted nuclear and cont: ol pacemaker identified
by serial or other assigned pumber. For each pacemaker include

the folloving: :

a.
. b.
‘.
d.
.l
€.

§
h.
i.
3.
k.

1.

For pace=akers no lon

Date of manufacture

Dete of {mplanc.

Indicate vhether fixed rate or dezand.

Age of patient (at implant)

I=planting institution (can be coded).

Type of leads (make and model).

Indicate bi-polar. or unipolar.

Ind{cate wyocardial or eandocardial.

Date of lead izplant.

Duration (in days st time of report) of pacezaker service.
Izdicate the nature and date of any additiocal related surgery
relocations, or post implantacion cozplications.

Indicate vhether any lead vas replaced, repaired, or relocated
and date(s) thereof._

Date of wose recent follow-up examination.

Indicate whether patient was carrying I.D. card and vearing
1.D. bracelet.

Indicate whether effective contact was being maintained

vith patient.

er satisfactorilv pacing the patient:

1. Tabulate each nuclear and control pacemaker {dentified by serial
or other assigned pucder and {nclude the folloving:

.l
b.
€.
d.
‘.

f.

1T
h.

3
k.

Date of manufacture

Date of implant.

Ind{cate whether fixed rate or demand.

Age of patient (st implant).

Isplanting institution (canm be coded).

Type the leads (make snd model).

Indicate bi-polar or unipolar.

Indicate mwyocardial or endocardial.

Date of lead implant.

Duration (im days) of satisfactory pacezsker service before
removal or replacement.

For each removed or replaced pacemaker or lead system, explain
in detail the reasons therefore and date thereof.

*pot applicable for control patients with conventional pacemakers.



k. 1In case of death of the patient give: date and cause of
death, autopsy findings related to the pacemaker, deter~
mination at autopsy (4f possible) of whether pacemaker
and lead system vere still operable, post-removal svalua-
tion by sponsor of pacemaker and lead operability, and
final disposition of pacezaker,

€. Accountability

1.

rmeE. Wmess w

B 8 B S — 0 . — T S— - - .

Have all implanted nuclear pacemakers been accounted for during
reporting period? 1f not, explain {n detail.

Fas adequate follow-up contact vith any patient been lost during
the reporting period? If yes, explain in detail,
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MO O St
Los Angeles. Caltornia 90071

Talephone 213 486 1724
Fax 213 486 1740

Environmental Remediation

February 8, 1996

Jolene Bisseger

U. 8. Department of Energy
Chicago Operations Office
Safeguard and Security Division
9800 South Cass Avenue
Argonne, IL 60439

Re: Semi-Annual Inventory—-Nuclear Pacemakers
Dear Ms. Bisseger:
As of February 8, 1996, we have in temporary storage at Roy F. Weston, Inc.,

One Weston Way, West Chester, PA 19380, fifty-three (63) nuclear
pacemakers:

Model Number Pacer Number Fuel Cell Number
NUSF 138 A-078
NUSF 140 A-026

“Fixed Rate" 337 *
NUSF 361 B-044
NU5D 408 B-069
NUSD 467 B-121
NUSD 477 B-138
NU5SD 486 *
NUSD 496 B-161
NU5D 508 B-062
NUSD 522 *
NU5D 528 B-213
NUSD 545 B-196
NU5D 571 B-i170
NU5D 623 B-290
NUSD 492 B-159
NUSD 624 B-271
NUSF 083 A 086
NU5D 484 o
NU5SF 107 A-102
NUSF 100 A-095

Atigrtic Fichieid Company



Ms. Jolene Bisseger

Model Number
NUSF
NU5D
NU5SD
NUSF
NUSD
NUSF
NUSF
NU5D
NUSF
NU5D
NUSD
NUSD
NUSD
NUSF
NU5SD
NUSF
NU5D
NU5D
NUS5F
NUSD
NUSF
NUSF
NUSF
NU5D
NUSD
NUS5F
NUSD
NUSF
NU5D
NUSF
NUSD
NU5D

Pacer Number
157
501
543
128
549
318
097
474
074
5156
519
175
592
363
587
070
476
460
080
462
086
085
362
572
465
131
532
155
581
341
542
525

2/8/96

Fuel Cell Number
A-039
B-169

L2 2
A-060
B-200
B-004
A-064
B-124
A-042
B-154
B-156
A-067
B-251
B-048
B-246
A-027
B-060
B-117
A-084
AN-1-556
A-088
A-087
B-046
B-201
B-065
A-100
B-083
A-031
B-237
B-002
B-189
B-190

* Pacers never implanted. Returned to Weston by John Fuqua of the
Texas Heart Institute.




Ms. Jolene Bisseger 3 2/8/96

** Pacer never implanted. Returned to Weston by Radiation
Protection, Alleghany General Hospital, 320 E. North Avenue,
Pittsburgh, PA. 15212; (412) 359-4174.

*#* Pacer never implanted. Returned to Weston by William
Rottenburg, Intermedics, Inc., of Freeport, Texas.

Thank you for your continued assistance in our efforts to comply with our
monitoring and storage requirements. If you have any questions regarding
this inventory, please call me at (213) 486-3641.

Sincerely,

Dol @ %4..5‘

Michael C. Mc Anulty
Project Administrator
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ATTACHMENT C
REMOVAL AND FAILURE RATES FOR NUCLEAR PACEMAKERS

A B
10/15/80 - 1/31/96 PROGRAM TOTAL

# Of Implants 80 126
# Of Removais S5 101
# Of Failures 17 21
Average Months of 116.5 119.0
Service/Patient

Percent Removais 69.62 80.80
Percent Failures 2152 16.80
Average Monthly 0.60 0.68
Removal Rate (x100)

Average Monthly 0.18 0.14

Failure Rate (x100)
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ATTACHMENT D
PACEMAKER FAILURE RELATED EXPLANTS

Pacemaker failures between 1 February 1995 and 31 January 1996 were as follows:

NU-S #525 Surgeon reported that the pacemaker was failing and there was a infection in
the area of the pacemaker.

NU-5 #542 Surgeon reported that the pacemaker battery was depleted and the lead was
fractured.
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