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SUr~MARY 

Beginning in February, 1970, the Nuclear Materials and Equipment Corporation 
(NUMEC) undertook a program to design, develop and manufacture a radioisotope 
powered cardiac pacemaker system. This work was initiated under Contract 
Number AT(30-l)-4189 between NUMEC and the United States Atomic Energy Com­
mission (AEC). The original contract was subsequently modified, effective 
December 1, 1972 (~1odification No. 12 Supplemental Agreement to Contract 

.Number AT(ll-1)-3057), with regard to work scope, and ARCO Nuclear Company, 
and the ARCO Medical Products Company became the successors to NUMEC. NRC 
Contract No. AT{ll-1)~3057 replaced Contract No. AT(30-l)-4189 in its 
entirety. The scope of technical work was specified to be: 

1. Establish system, component, and process cost reduction goals using the 
prototype Radioisotope Powered Cardiac Pacemaker (RCP) design and develop 
production techniques to achieve these cost reduction objectives. 

2. Fabricate radioisotope powered fueled prototype cardiac pacemakers (RCP's) 
on a pilot production basis, using the reduced cost techniques developed 
in subsection 1 above. 

3. Conduct liaison with the National Institutes of Health. 

4. Conduct liaison with a Government-designated fueling facility for purposes 
of defining fueling requirements, fabrication and encapsulation procedures, 
safety design criteria and quality control and inspection requirements. 

5. Develop and implement Quality Assurance and Reliability Programs. 

6. Conduct performance, acceptance, lifetime and reliability tests of fueled 
RCP's in the laboratory. • 

7. Conduct liaison with Government specified medical research institutions 
selected for the purpose of undertaking clinical evaluation of the RCP in 
humans as required by the Commission. 

8. Monitor and evaluate, on a continuing basis, all test data. 

9. Perform necessary safety analyses and tests. 

Pacemaker designs were developed and quality assurance and manufacturing pro­
cedures established. Prototype pacemakers were fabricated. A total of 126 
radioisotope powered units were implanted and have been followed clinically 
for approximately seven years. Four (4) of these units have failed. Eighty­
three (83) units remain implanted and satisfactorily operational. An overall 
failure rate of less than the target 0.15 percent per month has been achieved. 
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I. Purpose 

The purpose of this final technical report is to summarize the data. and 
results of the Expanded Clinical Study of the ARCO Medical Products 
radioisotope powered cardiac pacemaker. The study guidelines, standards 
for patient selection, implantation requirements, and follow-up schedules, 
are contained in the Research Protocol for Clinica1 Evaluation of the 
NU-5 Model Nuclear Pacemaker dated March 25, 1974.{3) 

II. Device Under Study 

The NU-5D Model Pacemaker consists of a Plutonium-238 oxide electro­
conversion source that supplies power to a CMOS hybrid electronic circuit. 
The demand unit is R-wave inhibited. Design specifications and operating 
characteristics for th2 NU-5D Pacemaker are "listed in Table I. A photo­
graph of the pacemaker. is shown in Figure 1 with a cuta1t1ay view shown in 
Figure 2. 

III. Clinical Implant Status of the Nuclear Pacemakers 

The NU-5 Model radioisotope powered cardiac pacemaker has been implanted 
in humans for a period of seven years. The first implants were made on 
April 9, 1973, concurrently at the Newark Beth Israel Medical Center in 
Newark, New Jersey and at the National Institutes of Health in Bethesda, 
Maryland. A total of 126 NU-5 ~lodel Nuclear Pacemakers \•/ere implanted. 
Eighty-three (83) pacemakers remain implanted, 43 having been explanted 
due to various complications. Of the original 126 pacemakers, 59 were · 
fixed rate (NU-5F) and 67 were demand pacemakers (NU~5D). A total of 
560.7 pacemaker years, or 6728 unit months of operational data has been 
accumulated for an average follow-up per patient of 53.4 months. Current 
projections indicate with a 90% confidence that a mission time of 11 
years or more at 95% reliability will be achieved. 

Tables 2 and 3 are computer printouts of the Nuclear Pacemakers Implanted 
and the Nuclear Pacemakers Explanted, respectively. The pacemakers are 
listed in numerical order with the fixed rate units first, followed by 
the demand units. These tables include the vital data on each pacemaker 
including the number of days each pacemaker has been implanted. Several 
segments of the data have been coded as follows: (1) the physician, 
(2) the hospital, (3) the manufacturers' listing, and (4) the reason a 
pacemaker has been explanted. The first three data codes are being main­
tained at ARCO Medical on a confidential basis, while legend for the 
reason for explanting is provided in Appendix B. 

A summary of all the pacemaker removals is included in Appendix A. An 
engineering evaluation of each of the returned pacemakers has been con­
ducted and the results are reported in the righthand column of Table 3 
in condensed form . 
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IV. Clinical Implant Status of the Control Pacemakers 

There were also a total of so-control non-nuclear pacemakers implanted 
resulting in 252 unit years, or 3024 unit months of operational data 
being accumulated and analysed with an average follow-up per patient of 
37.8 months. ·This control group was comprised of 65 mercury-zinc powered, 
9 lithium iodine powered, and 6 lithium thionyl chloride powered pacemakers. 

Among the 65 mercury-zinc powered pacemakers, there have been 52.3% (34 
units) removals, and 47.7% (31 .units) failures. Thirty (30) of these 31 
failures were due to the mercury-zinc battery depletion, and the remaining 
one, a random failure, occurred 396 days after implant. At the time of 
implant, mercury-zinc pacemakers were expected to fail due to battery 
depletion in less than 5 years. Clinical observation shows a 2.9 year 
average service life has been achieved. None of the 15 lithium pacemakers 
has failed. Six (6) have been removed and nine (9) are still functioning. 
Additional data on the control pacemakers implanted and the control pace­
makers failed and removed is contained in Tables 4 and 5 respectively. 

V. Statistical Analysis of Reliability 

Statistical analysis of the clinical data 'indicates that the estimated 
survival probability of the nuclear pacemaker is significantly greater· 
than that of the battery powered control pacemakers, 0.956 vs. 0.1227 at 
seven years respectively. 

One of the statistical eval~ttion procedures proposed by. the Nuclear . 
Regulatory Commission (NRC)~ J to establish acceptable performance of 
radioisotope powered pacemakers and to terminate further clinical evalu­
ation was based upon demonstrating to a high degree of confidence that 
the failure rate experienced was less than that of an acceptable standard. 
A pacemaker was considered to have failed if for any reason it fails to 
.provide satisfactory pacing to the patient. The maximum acceptable 
standard failure rate was determined to be 0.15% failures per month. This 
standard was compatible with the electronic capabilities of conventional 
pacemakers at the time. The radioisotope powered pacemaker was required 
to meet this reliability with a minimum 90% confidence. 

For the 4 failures actually experienced with the radioisotope powered pace­
maker, 5328 pacer months of observation is required to establish a 0.15% 
per month maximum failure ra~e with 90% confidence. 

The NU-5 has actually logged a cumulative 6727 pacemaker months of implanta­
tion exceeding the minimum required by almost 1400 pacer months. Thus, 
ARco•s Model NU-5 pacemaker has demonstrated, with more than 90% confidence, 
that its average monthly failure rate of 0.059% is less than or equal to 
0.15%. Further clinical investigation of NU-5 pacemakers, therefore, has 
been terminated . 
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VI. Statistical Analysis of Longevity 

The statistical analysis in this report used follow-up data on 126 nuclear 
pacemakers and 80 control pacemakers. The data is summarized in Table 6. 

The cumulative probability of survival for both the nuclear and control 
pacemakers is presented in Figures 3 and 4 respectively. The 95% lower 
confidence bounds for the cumulative survival probabilities were obtained 
using the methods outlined in Reference 2 and are also shown in Figures 
3 and 4. The survival curves for the two types of pacemakers were com­
pared using the Mantel-Haenszel chi-square with one degree of freedom.(l) 
The test resulted in a chi-square value of 60.1 (p<O.OOl) indicating the 
curves are significantly different. From the survival probability curves, 
it can be seen that while the nuclear pacemaker has achieved 96.5% 
reliability with a 95% confidence bound of 92% at seven .Years of clinical 
operation, the control pacemakers have only been able to maintain 12.3% 
reliability for the same period. This is attributed to.the fact that 30 
control pacers have failed, that is, have been removed due to mercury­
zinc battery exhaustion. 

As indicated above, four NU-5 pacemakers have failed out of the 126 
implanted unjt~. According to the statistical test for randomness pro­
vided by NRcl4J the failure rate of this pacemaker does not change with 
age. The probability to reject the hypothesis of constant failure rate, 
when it is in fact true, is 0.5705, therefore, the conclusion can be 
reasonably made that the failures are random. 

VII. Patient Population Characteristics 

A histogram of the age and sex distribution at the time of implant of the 
nuclear and chemical powered pacemaker patients is provided in Figures 5 
and 6. When comparing Figures 5 and 6, it can be concluded that the nuclear 
patient is younger than the control patient. The average age of the nuclear 
patient is 47 years while that for the control patient is 62 years at implant. 
The proportion of males in the two groups is similar. Sixty-two percent 
(62%) of the nuclear patients were males, and sixty-five percent (65%) of 
the control patients were males. 

VIII. Nuclear Pacemaker Accountability and Follow-up 

IX. 

All the nuclear pacemakers have been accounted for except where the patients 
have left the United States permanently. The righthand column of Table 2, 
the Nuclear Pacemakers Implanted, is entitled "Contact".· If a "Yes" is 
printed in this column, this means the patient has been in contact with 
their clinic, has an identification card, and has an identification bracelet. 
If a "N/A" is printed in this column, it means the patient has left the 
United States permanently. 

Closeout 

Liaison was conducted with the National Institutes of Health for the 
purpose of updating clinical evaluation of the nuclear pacemaker in humans 
as required by the Commission. Test data has been monitored and evaluated 
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on a continuing basis and semiannual status repdrts have been s·ubmitted 
to document this phase of the program. 

Safety analyses and tests were conducted and the final Generic and. 
Environmental Statement on routine use of Plutonium powered cardiac 
pacemakers was issued by the U.S. Nuclear Regulatory Commission, Office 
of Nuclear Safety and Safeguards in July, 1976. This completes ARCO 
Medical Products Company•s participation in the clinical studies of the 
radioisotope powered cardiac pacemaker program. 
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APPENDIX A 

SUMMARY OF EXPLANTED NUCLEAR & CONTROL PACEMAKERS 

REMOVALS & FAILURES 

Description of Reasons 

REMOVALS 

Patient Death (Non-Pacer Related) 
Wound Dehiscence 
Infected. Pocket 

. No. of 
Nuclears 

16 
1 

3 

Competition 4 
Lead Related Explant 4 
Patient Requires Faster Rate Pacer 2 
Pacer Erosion Reported 3 
Pacer Reported not in Specification at Implant 

or after Implant, Unit Normal on Return 2 
Muscle Stimulation 
Elective Replacement -·Non-Pacer Related, 

Pacer Norma 1 · 
Loss of Capture, Non~Pacer Related 
Pacer Explanted, Problem Reported Without 

Details - Pacer Not Returned 

FAILURES 

Battery Depletion 
Impending Pacemaker Wearout 
Random Failure1 

Electronics Failu~e2 

Loss of Capture, Pacer Related3 

1 

3 

1 

2 

1 

Explanted 3/18/76, Excessive internal moisture 

. No. of 
Controls 

22 

9 

1 

8 

14 
16 
1 

1NU-5F #78 
2NU-5D #423 

NU-5D #441 
Explanted 7/ll/75, Cracked case, loose wire in pacemaker 
Explanted 2/7/75, No report available, rate increase 

3NU-5D #500 Explanted 9/28/77, Feedthrough failure 
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APPENDIX B 

REASONS FOR THE EXPLANT OF A PACEMAKER 

01 Battery Depletion 

02 Impending Pacemaker Wearout 

03 Patient Death 

04 Wound Dehiscence (Opening) 

05 Infected Pocket (Pacemaker Bursa 
Infection) 

06 Loss of Sensing Function, Pacer 
Not in Design Specifications 

07 Competition 

08 Electronics Failure 

09 Lithium Battery Failure 

10 Nuclear Battery Failure 

11 Random Failure 

12 Delaminated Capacitor 

13 Lead Changed, Pacer Removed 

14 Patient Requires Faster Rate Pacer 

15 Loss of Sensing, Patient or Lead 
Related, Pacer Normal on Return 
or Reimplanted 

16 Electronics Damaged During 
Defi bri 11 at ion 

17 Pacemaker Erosion Reported 

18 Pacer Reported Not in Spec. at 
Implant, or After Implant, Unit 
Normal on Return 

19 Loss of Capture, Non-Pacer Related 

20 F2edthrough Failure (Advisory Group) 

21 Pacemaker Rate Change, Pacer Out of 
Specification 

22 Pacer Explanted, Problem Reported 
Without Details, Pacer Not Returned 

23 Lead Could Not Be Removed From Pacer 

24 Muscle Stimulation 

25 Elective Replacement, Not Pacer 
Related, Pacer Normal 

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

27 Pacer Rate Increase/Decrease Reported, 
Pacer Norma 1 Upon Return 

28 Pacer Rate Change, Pacer in S'pecification 

29 Loss of Capture, Non-Pacer Related (Plug 
Missing, Fluid in Terminal) 

30 Pacer Returned Because of Cracked Epoxy 

31 Automatic Rate Equals Magnetic Rate, 
Physiological Reasons 

32 Non-Pacer Related Oversensing 

33 · Set Screw Head Stripped 

34 Pacer in Spec., Explanted Due to 
Apparent Pacer Inhibition 

35 Automatic Rate Equals Magnetic Rate, 
Electronic Failure 

36 Pacer Returned Hithout details; Pacer 
in Specification 

37 Pulse Width Variation due to Psuedo­
fusion; Pacer in Specification 

38 Advisory Return, Pacer in Electrical 
Spec. Upon Return 

39 Loss of Capture, Pacer Related 

40 Advisory Unit Not in Specification Upon 
Return, Non-Feedthrough Related; 
Pacemaker Still Functioning. 

41 Connection Problem 

42 EMI Filter Capacitor Shunt; Results in 
Low Output Amplitude 
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ELECTRONICS ASSEMBLY 
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. TABLE I 

. ARCO• t~EDICAL PJWDUCTS C~iPANY 

MODEL Nu:..s'· PACEMAKER 

.. CHARACTERISTICS Arm .NOMINAL DESIGN. SPECIFICAliONS 
~~-·· . -"""""!'• -------

. ~.PY TEMPERATYBE __ p-7° C) _ACRQ~$ soo· OH,M LOAD 

;Size . • .. • ••••• 1' 0 Cl 

·Volume 

. Weight • 

·:,:Specific Grfav tty 

,:Current P.C!'tse. Alfifrl itude 

-Pulse Width .. 

... J!utomati c\Rate • . • ~ 0. ~ 

Escape· Rat-e 

· t1~gnet i c ·--"t~$t· 4lc<te. _., 

· L i'fe Exp.~c;tancy. • 

Open C-"·l rc,u i:t Vo l:tagf; :-:Pu ls.e. 
Amplit-ude -. . . •• 

. . . 

• ,. • ~· w' '- o 

. .· .... 

. . ... .; 

80.4 cc 

120 g~ams 

1.·5 

8 • 0 + 2 • 0· ;ma 

0.9 + .1 ·insec 

· 72 .:!:. 4 ppm , 

.,Basic~ R~ci'ng =<Ra"te .2::-2 ppm 

·-.:9 __ .-t:·:.s,.Abcr.Voe-·o-~.a:s;,G ic}?,a·~=h1~i Rate· 

· .. ;27 s :·! ·;6.0 · .'nis'rc 

· :·2·:1} :~- 1 :\"i rr!V· 

·4.2 val ts 



~0 ~edlcal Products Comp~;~ny 
. Subsidiary of Atl~ticRichfieldCompany 
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" .. 
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PAGE \)I PAGES. 
••• ,'I 
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* 
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• 
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.. 
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• 

u 13 6-16-71*1u- 9-7~ 15.o 

u 1 12-10-13* J-:.14-UU 76.7 2.320 Yf.S 
* 

u ~ 11-20-1C*12-17-7~ 15.0 2'197 Yf..S 

. IJ 6 5-16-65* Y-1~-7~ 14.e ~453 YES 

u t. 
• 

u 6 ti-2u-6~*lU-~4-1~ 14.1 

u 13 1-15-72* 2-26-Ru 15.0 ~321 vtS 

-1 



TAB~E I.T f rant.) 

. PAGE 01 PAG!=S . 
.CO Medlc~l Prpducts Company 

Subsidiary ot AllanticRichrie!dC<inpany 
P.O. BOX 546/LEECHBURG. PA. 15656, U.S.A. 
PHONE (412) 845-8111/TWX-510-467-8603 

NR(; REl'UIU 
DATE 

NUCLfAR PAt~~A~ERS INPLANTEU 
**•*****•**************•*•~**~******************•**-**•****~**********•***•*****A***•******•****** .• *****•*****************•***Aaaaee 

NU-5F 

'ill-51' 

~U-5F 

llU-Sil 

Hl-!.iU 

1'111-50 

su -~.il) 

NU-50 

~u-5u 

~HI-50 

tiU-5U 

:iU-511 

~U-50 

NU-50 

~u-su 
ARCC•I268 

l'ACEHAKF.R 
.. .. 
• 
* 

.. 
Hl'l.ANT OAU .. 

.. .. 
l.C.AO oATA rllLl.f; .. -UF IJAT A .. 

.. 
" AU Ttl ltACN• " •l'ill.LC.,III' .lliJTL ~: 111;:1 ll AY5 t;Cti-

SF:III4L flf'G UATE*HP DATE: llllSHTAL llllCTOI' IUTF: RAtE.*AtF. SE.ll* ~!JUF.:l TYH f!OOE f!FG!i IH' UAtt• UAtr; IHH !i~H IHI.T 1Hl 

* 
1S1 3-J0-73*1l-2l-13 9500201 J5602 76.0 .. 
115 11-16-72• !.i-14-71 35001~1 35001 14·5 

310 

:141 

.. 
9-14-lJ* ~-20-1~ 13C0601 33001 73.0 

Y-16-13* 9- 9-74 3500101 ]5001 71.2 
* 

~42 9-7.6-73*10- 8-74 33C0601 33001 73•0 

361 11-21-73*10-29-74 2100201 21001 72.0 
* 

362 11-J.1-73*10-L5-71 3500101 35001 13.6 .. 

.. * 
" il2 I! * PF.U. ~: .. .. 
* 49 l' * lt:60f( .. .. 
* 30 ~ .. 6901 E 
* .. 
* 51 M * H:60II .. 
" 82 H * 322 f. 
.. * 
* 68 f * 5814 .. 
*'IJ r*~22 

" * 363 2- 5-75*10-10-15 1100503 11020 14-0 * 18 M "' 322256 E 
* * * 

2-13-14* 1- 5-74 4100602 41001 65.0 90.0* 55 f .. 322 
" * * 

'159 6-27-7'1*11-10-75 3500101 ]5001 72.1 80.0* 60 f * 322 
* * * 

'160 6-21-14* 2- 6-75 3500101 35001 72.0 * 60 t' * 321 .. * * 46:.1 1-Ll-14* J- J-75 3500101 ~5001 71.8 78.7* 33 f * 323 H .. .. .. 
46ti 7-12-14* 3-24-75 3500301 35002 70.0 * 55 M * 6913 E 

* • 
467 11-15-74* 6- 4-75 3500101 35001 71.2 7A.9* 65 M * 322 E 

4711 

476 

4TJ 

419 

461 

il!l3 

4YO 

496 

* * " 
7-26-74* 1-27-75 3500301 J50Q2 71.0 * 57 M * E 

* 
6- 2-14* 1-27-15 2100201 21008 '16.b* (J] )j * .. * * 
0- 2-74* 5-16-75 3300601 JJOOI 76.6* 61 M • 32:.! 

* * .. 
8- 9-74* 1-27-75 3300601 33001 67-1 * 75 ft * 1 F.60K E 

* ... .. 
o- 9-74•1o- t-76 470oJ03 470D6 10.0 11.o• 52 H * 691753 ~ 

* " * 
~-13-71• 3- 4-7~ 3J(q601 33001 65.6 12.6* JO F * 322 

* ... 
o-tfi-711* 3- 5-15 110o2o1 41uaJ 16·~ ab.5• ~6 F * J22 .. .. 
u-16-11* 1-11-lj 'I?Oo~ol 47001 66.fi " 45 t" * 32.:.!620 

* * 
0-21-14• 2- 1-15 700101 7001 67.0 1h.O* 30 f * .. 

* 
11-:.!1-7'1* 4-l!"i-'l!i J3G116111 33001 6b·6 •63 ~·21·13 r: 

-16-

u 

u 

II 

IJ 

u 
H 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

II 

H 

u 

2JT1 ~I!S 

3 12-15-7~* 3-20-~U 16.1 :tJ61 HS .. 
13 6-15-72* 2-21-HU 74.6 21'17 HS 

3 6-15-1!* l-J1-UO 74.t 
* 

6 ~Gl7 HS .. 
13 U-13-64* 3-~1-UO 12.0 1 'JYb VES 

6 2000 HS 
* 

6 8- 3-73* 4- 5-79 14.3 1650 YI!S 
"' 

1- 5-14* 9- 4-1Y 84.0 .. 
6 7-26-7~* l-11-HO 14.4 81.9 lti12 YES 

* 
6 1-2o-ft* J- 1-uo 14.0 19.9 16~4 v~s 

6 1- 3-fe* 2- l-8U 74.6 61.4 1667 Y~S 

13 3-24-15* l- 5-HO 18~6 Vf.S 
* 

6 6- 4-75* J-21-H~ 

"' 
13 12-12-1j* 1-15-llO 

8 0. 5 1 '11 o H s 

1903 YES 

0 

6 

3 

6 

6 

6 

.. 
5-26-75~ 1-28-dU 11.0 1':l~JJ HS 

"' 
* 

5-lH-71* ~- 6-0u 12.1 78.3 1903 VF~ 

* 
.. 

1- 4-7!:* 2-:.i:t-llu t:2.C ld66 Hs 
• 

l- 5-1~· ~-16-Uv 76.C l.do5 HS 

9-17-71• 2-16-HJ 1~.6 l'HJ HS 

"' 

16 10-23-12"' 2-22-HU 12.1 19.Y IU25 VE~ 



TABLE IT 'cont.) 
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IIRC kEPOiiT 
DATE A HH I. l 5, 1 '} U 0 

~UCL~AR PAC~M~K~HS JHPLANT~» 
•******•*******••~~·aaa•************•-•·************~******•*~·~•*****••••••••••••••*•*•****••••*****A*****-•*****a******••~••·••••~•A•a 

I'At:F.HAKF.k 
.. * • * 
* 
• 
* 

IHI'LAtiT DATA •I'A'UUI'I* 

* * 
• " 

Lt:: AU ~A 'I'A * 
* 
* 

FULI.GW-111' t:II'CA 

• AUTO HA~N* * •fOL~UWU~ AUTD ~AG~ UAYS cC~-

t1UilEJ. SE111AL Ut'l; UAU .. lt'.l' llfiH HUSI'ITAI. DOCTOR RAU; 1<.\Tt:*At:~ SEX* fJOUEL TYH \I(OE HFG~ IMI' lliiTt" ilt.tr. J.ATf lillH IHI.T 1H1 

~·························*·~-····•••****•******•********·~·-··············~··························~····*~·~····•••****•********•~ 
NU-~11 

fiU-5U 

'Ill- SIJ 

t:U-~•U 

~U-5U 

~IU-511 

~·u-~u 

'HJ-50 

t'U-"iU 

'itl- ~}() 

~11-!:JU 

~u-~u 

I':U- 5U 

r:u-~u 

:'111-~ll 

t\U-51J 

~u-5u 

'IU-.ill 

~U-5{.; 

'IU-511 

~U-51l 

'IU-~t 

~U-50 

~U-5U 
ARCC-1268 

.. * * 
49') H-21-14* 9-lJ-16 12C010J 12008 6ij.O 15.0• 58 M • 322 

* * * 
501 11-19-76* 4-17-70 2100301 21011 6R.O 75.0• 52 ~ * 

504 

506 

508 

509 

513 

51S 

* • * 
9- b-75* 4-20-11 2100]01 21011 1b.O• 50 f * 21JP 

* * * 
~- 6-74* 5-19-75 3300601 33010 76.1 • ~ 0 f " :.diP 

" • • 
9-11-74* J-14-15 3300601 l30U1 uJ..O• s1 ~ * t907 

* * * 
~-11-14* 4- 1~15 2400101 24001 * 1~ H * t917 

* " * 
9-19-71* 3-1"-1~ 3AC0401 38001 69.0 " 54 H * 322 .. * " 
9-l~-74• 7-16-75 3300601 33010 76.8• 72 H * 322 . * * 
9-24-74* 5-~2-75 3300601 33001 69.2 * 65 I~ * LlU 

* * 
,. 

t: 

1:: 

E 

f. 

H 

E 

E 

~ 519 

523 9-26-74*11-1J-1b 1100506 11082 68.0 75.0* 35 M * 6q175J M 
• * " 521 10- 4-74* 2-12-76 J5UD10l 35001 71.8 79·4• 11 f * 322 E .. * * 

525 10- 4-71• 5-30-75 33C07Dl 330C4 72.0 * 55 f * 69173S ~ 
• * * 

527 10- 4-7~* 5-14-75 JHOU401 J~OQ1 - Jl , .. • Jn 1'. 

* * 
~20 10-10-75* 6-11-16 A00401 H004 67.0 11.5• sq M * 2Hf £ 

* * * 
529 1-20-15* J-1J-16 1900103 19U2ti * so ~ * 691753 ~ 

" 
,. • 

532 1-2~-15* 3- H-76 410U601 4101~ 69.0 77.0* 11 M * ~G2fi00 E .. • * 
5!5 10-15-11* b-2~-75 J30D601 33001 ~0.5 • lifi ... ~ 

" .. If 

5J7 10-tU-75* a- 4-16 t9ooto3 19ooq 11.0 * 55 M • ~91153 M .. • 
51'1 2-2~-7S*10-2U-75 1100~06 11005 71.2 * 36 f • t91151 ~ .. * * 
542 1-30-15*12- 2-15 12UJ1~3 12008 1H•0• 43 ~ * 322 t: 

• • 
54'1 11- 1-14*12- J-"15 ].)00601 Jj(H() ·1s.u• 64 H * 322 1:: .. * * 
545 11- 1-74* 2- ~-75 J]~J601 ]J~~l b9.J 1~.4* 41 f * 5814 E' 

* * 
~i ~9 2-~~-75*11-15-75 190"102 1YOJ2 13.0 17.C• 29 f * 2U260l £ 

" * 
562 12-11-74*11-lq-16 12C01Gl l20U2 6U.O * 4~ I( * ~Ill' f. 

-17-

II 

u 

u 

u 

R 

u 

u 

u 

tl 

u 

ll 

u 

u 

u 

u 

u 

II 

u 

u 

u 

tl 

u 

6 

6 

1 

1 

13 

13 

6 

6 

5 

.. 
2-23-73• .1-28-d~ 13.1 ~2.~ Ill~ ~hS 

u- o- a• 2-11-6U 75.u ~b.u 7:<11 YES 
* 

1-20-11* 1-11-UU 1~.1 lu'Jo Y l!!i 

5-lY-75* 2-2G-~~ ti2.:< 1141 HS 
• 

1- 1-14* 2- 1-HU 71.3 et.6 1U~6 ~t~ 

* 
4- 4-15* i- ~-a0 1836 VE.S 

• 
o- C- t•11-J;_7~ 11.~ El.J 1U52 V~5 

* 
J-15-71* l-12-80 12.3 Ul.J 1134 VfS 

5-~2-75* 2-1~-UU 6~.1 11.ti 11hU YES 

lJ 11-lJ-16*11- 5-19 12" 'l v F. s 
• 

6 10- Y-66* 3- 6-UU 12.9 1Y.~ 1~13 Y~~ 

13 

6 

l 

lJ 

1 

13 

13 

* 
~-lU-15* 1-19-HU 6Y.J 

5-14-15* l-JO-Uu .. 
6-11-1b* l-10-d~ .. 
3-1J-1b*ll-ll-7~ 12.0 

* 
J- U-76* ~-13-19 

U-2q-15*11-~C-7~ 10.1:1 

a- 4-7t*l~-L~-7Y 7J.o 

tHo YES 

H.r l'l<1b Hs 

1391:1 VF. s 

14S2 HS 

14q7 H. S 

lli'Jl H5 

13"1 Y E~ 

ll l0-2B-lS* 7- Y-1~ 10.5 15.5 163l YfS 
* 

h H-1~-ll* 2- 4-dO HO.O ti2.H 15YH VES 
* 

6 1~- ~-15* 1-~b-Uu 1U.4 lfi.~ 1591 YES 
• 

13 12- 5-15' 2- fi-1:10 1l.C 1f.4 IE95 YES 
• 

1 11-15-lS* ~-lfl-1H 73.0 1H.O 1615 YES ,, 
1 11-1'l-16* b- 5-1~ 121ti 'itS 

1 



ARCO Medical Products Company 
Subsidiary of AtlanticRichfleldCompany 
P.O. BOX 546/LE:ECHBURG,PA.15656, U.S.A. 
PHONE (412) 845-8111/TWX-510-467-8603 

TABL ~ '"! (cant. ) 

NRC NEPORT 

PI\GE .>1 PAG~S. 

DATE Al'lill. JS, 19110 

NU~LEAH PACENA~EHS IMPLANTED 
••••*****************~!**••••*******************************•······························*••···~········-·············•••**··~···· 

l'ACEMAKEH 
* 
* 
" 
" 

IMPLANT OA1A 
* * 
"'' A11E N'I-.. * 
* * 

LEAD UAU 

.. 
* 
" • 

HLLCa-Uf llltT/l 

* AUTO MAGN* * •fULLCWU~ AUtO ~AGN UAYS CG~-
IHlOH Sf.lliAL flfG OA"rf."·ll'l' DATE HOSfJTAL OOCTOI' HATE IUlt.*AGE SEA• ~OUEL tyPE MODE Kt'Cii IMP UATE" IIAtt. !<ATE IHH HPLT UC1 

·········································~····································································~···········~············· 
~U-!iU 

f/U-5U 

t:U-50 

tiU-50 

tJU-50 

t:u-~u 

liU-~,IJ 

;'jU-5U 

~ u- ~10 

NU-~10 

!iH 

512 

5fl1 

5R3 

5£!6 

51l1 

592 

601 

611 

623 

Itt - * "' .. 
1-28-75" 6-1~-75 16COJ01 16012 66.0 72.0* 68 F * 691135 E 

" * * 
1-7.8-15~10- U-15 3300601 33001 68·8 • 14 f • 

" * 
4- 3-15* 2-11-16 1900103 19009 73.4 1!1.0* 38 H * E 

* " * 
3-24-"/5* 3- 4-16 4100604 41012 66.0 13.0* 56 H * 690756 t: 

* * • 
5002 12.0 70.0* 54 " * E 2-14-1~* 1-23-16 50()201 

" * * 
2-:1.0-1')" 6- J-16 1'100102 1':1001 * 55 f * 691135 M .. * " 
2-21-15" 8- 4-16 240U10l 24003 • 5., )! * E 

" • * 
4-24-15*12- 5-15 1900102 19001 65.1 68.1* J6 H * 322 H 

• • * 
3-26-15* 1- 1-16 1900102 19019 66.0 11.0" 44 f • 691153 H 

* • * 
4-22-16* 1-28-16 2100301 21011 " 49 H • t=: 

* * " E 

R 

u 

u 

u 

u 

u 

II 

u 

B 

u 

13 6-19-15* 5- 4-19 10.0 15.0 1691 · VtS .. 
6 J0-14-1&• 3- 7-UU 71.C 1652 HS 

6 

13 

1 

.1.3 
b 

6 

13 

13 

1 

.. 
6-15-12* J- 4-80 12.0 .15t8 n:: 

" 3- 4-76* l-11-Bv H.~ 15tH HS 

" 
1-2~-16• 1-21-UD 12.0 HJ.~ 1542 VtS .. 
6- J-16* J- 1-UO 11.4 1412 VE S 

* 
U- 4-16* 3-21-HO 1J.~ ~2.0 13~1 ~E:: 

* 
0- 0- 0*12- 6-1Y 66.5 1J.t 15q5 YEE 

" 1- 1-16•11-21-l~ 12.1 bv.t J31U VfS 
* 

1-2H-1b* 1- 1-llU 11.0 1ti.l 1351 \~S 

5-16-1~* J-11-UU 11.3 18.1 14lY YES 
t: u- 'i u ••~•*************•**********•*******•*******-A**•*******•*************•******************************•*-*••••••••~•••**'***•*****•*a 621 4-~2-16" S-26-16 2400401 24006 12.7 * 45 H * :tHP 

-18-

ARCC-1268 



/~~ . ,.,r· 
·• 
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tiAC~''rKH( 

,, 
.. 
• 
1. 

llli'Uii'l UAII 
.. 

•1'11idd" pAu llA1A . " f:XI'lH-'1' IJ.,1A 
,. * .. .. 

k All'[l.l f.!I\G~• " • 1':~1'1.••;~1 ~llll IJt.l;~ IJI'/S iiEA-
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~ u- 'J~ 

~u- Sl· 

fiU-!.i~ 

~u..:'>F. 

NU-~t;·· 

HJ-~)f 

!<U- ~•F 

r;u:..~t 

fiU-!:Jt. 

rw-st· 

fill-!lt·-

ii 11..: ') j.' -

flU- !.i~· 
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.. 
tf 9:l2-1ii ~..:10-1]. ~3C060l J30UJ 1~.0 

~ 

1/. n.:. ·~--u· 4-1•.1 -'I.J 3Jou1o1 · JJoo1 · ·b·'' 
.. 

1~ ll- ~-~~· ~- 1-1J .47Cbj~i 470dl 7j~2 
" 

1~ li-11-1~~12- 1-73 J5CU1Ul 3500, -i2.U 
... 

1~ . 11-1~-12•. 4- 4-13 JJCtitOt 33001 __ 12.0 
~ 

'ill 11'-b-'1-.i•l'li-li-B 50iJ10 1 !100 1 .. ·12.b .. 
~2 -li-i5-1li. 2- b-11 35002Ui 35002 10.0 

"' 
- nil· 1 r.:.n-1~• · .1...: Y-n 2jco1 oi :.!:too 1 1::s.o 

• 
. Y5 1~- 5-?li ~-1~-il ~iCOlOl 5001 71.1 
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~y . i2- fi.:.1~~ F:.. i-11 11C0101 11001 12.0 

~ 

}IIi 12-J]-·j~~ 'I- 'l-1.~ 33C!I6tll )3001 77.•() 

-·jaJT' '12-Ll-n* 4- 'J-'IJ JJCvtJOl 33001 'IJ.O 

. -lilij 1~-!H-72" •- ~-1J j]l)l)fiL) i 33001 'I'\. (I 

" lou i/.-20-12" 4- Y-1J JJOOtilll 
• 

~U-=5~ - ---i0~ ··12:10-i)• f-25-1j 2300101 

33001 

'iJOOI 

'1:1. 0 

B~o· 

~~. u:... ~ ii -· --· n r-1 i:.-:i 2:. '72 ;o -c,:... · s -1 3 -·-- · ~ c 111 o 1 ~1 001 Tl.') 
. - . -· . i 

NU-SF' ·- 1 H . 12-;_?.2-'P* ·1.:. -l.i-'13 5011101 ~>00 1 12·() 

IIU- ~,f 

NU- ::~~· 

~u-Sa' 

tiU-!:JF 

t:U-!:J~ 
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~ 

116 12-2~-1~· 1-2~-1j ~j t: 1,11 ~11 500 .l 'Ill. 9 

Ul 1~ ~-~~~ h-lJ-11 lULUl01 10001 15.0 
* 

115 l - L!:.. 1 .1 " t,- lJ- ·n 1 0 C U .I 01 1 0 II :)1 'I ~i • II 
~ 

lJh 2-111-'1'1'" ~-l/.-'1'1 ]~t),)\•ll :l!:iOCI 'H.1 .,. 
13~ 2-10-11•11- ~-11 2Jt~1n1 23001 l~.r 

"" 
HI. ~-ll-'Jit (J-l'i-B 11C'I(io)2 4ll"JI 'l·!.ll 

1 :.(, 3- J IJ- ., J • lj -l ,, -1 l :i ~ ll \ Qll L :I !.1 (1\) I. ., ~ •• fl 
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• i:9 " 32.< ~: u 6 1~-11-11·1~- l-l~ .. " 
" 5 4 ~~ "" _3 2 2 E ll 6 4-1C~13• ~- f-l~ 

• 6'f. 1'1 .. 5!lJ1 !:; fl p ~-11-1~• 1-14-1U 
* " • 
* 6L. t4 *. ·_siil1 r.. ll Ll q-1~-1C• ~-~9-1~ 

* .. " ·-... --u,---i4·•·J~2--·----r· ·· u----b····~::Y-72• ,,_b-·n 
. --··,.. ----·- ---···----- -----·· ... -- ~-- ··--- .. ft ·-

.... 66- ·;c .. --::5jj !~·--~-=: -M=-:=~~-=!r~~~-~-~ ~o:~.4 .. ~-~ e::-7~> . c; 9. i 
" • 

• 5il f.. ,. .. J~t·.~_·_.:E~.·-·:u~.-~6~-=:::-2:-f~:;~6.i* 3-lS;·IJ '12~5 

* 
.. 

• '4 5 ~· * !; 91 4 t'l. U --ij- 2-15-64* U-JJ-7Y 

" " 6 1 H ,; -j 22 E 
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* 13 H * ji2~5~ E 

• 
... 2 I' * 322 E . .. 

u 

u 

ll 

6 

6 

b 
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• 1 'i f * 6'JU1 E II 13 

lr 
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TABLE VI 

PERCENT OF TREATMENT FAILURES AND AVERAGE 

MONTHLY TREATMENT FAILURE RATES 

Nuclear Pacemakers Control Pacemakers 

Number of Implants 

Number of Removals 

Number of Treatment Failures 

TOTAL EXPLANTS 

TOTAL OPERATING 

Average Months of Follow-up 
Per Patient 

Percent Treatment Failure 

Average Monthly Failure 
Rate x 100 

-25- ' 

126 

39 

4 

43 

83 

53.4 

3.2 

0.059 

80 

38 

31 

69 

11 

37 .8 

38.8 

l .024 




