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Sy 8 t . . .. . . ..ocontro1 ' Technology, In. .c.: ; . * .
* ' ' .*w;.T.:

(fomerly.coratomic, Inc.) recently ' received' i
0. approval from the Food and Drug Administration to market the Coratomic -

- '-

!

"e|model Pulsar-N1 nuclear powered pacemaker. . Enclosed is a copy of our approval-.

'

.'

' letter from the FDA dated September 26,1988.
' "~ -

.s .,

N
h ', k>.. ,i k .

-

The Coratomic model
,.

type and amount of nuclearar-N1 nuclear-powered cardiac pacemaker uses the same! i.

if as the Coratomic models C-100, C-101, and C-101-P.uela__the same battery, and the same fuel capsuleM*

$k.jjpan amendment to our U. S. Nuclear Regulatory Comission Materials LicenseWe are hTreby requesting.]g3

L,gW No. SNM-1319 to allow us to manufacture and distribute the Coratomic model
.

_, +

$ V Enc 1osed is a copy of the protoco1 entitled " Human Implantation Protocol for$ Pulsar-N1 nuclear-powered pacemaker, in addition to our other authorized uses. <Z W) n~ }Q
}
##

'

o
: -

,'',d.f.1985.. We are also enclosing a check in the amount of $120.00 payable to thet . |.g.$ the Coratomic Pulsar-N1 Radioisotope Powered Cardiac Pacer", dated October 25,
'

i $

i aNU. S. Nuclear Regulatory Commission.

y[ y :.f[4iT $1ncerely,
;

<
! Leg....f:).4 L - 6. M i - --.

. ' hj h,h c1No~. 5 ~ ~ ~- "- ?-
Arneunt - h-.fAQ... ---------I. . .w.

: b'i ohn R. Klingensmith
rce cet::,r/ - l .D

R--
X3

r,.t|..? Patient Records Specialist
t ----

Tym c f in h h.t ci, em cum.v..n.D t.. Enclosums -
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. .-

CTOOM O W 03 X ' RECORD COPY ML 10
H 0071988:

,
. . . . . . . . _

ADVANCED TECllNOt.OGY SERVING MEDICINE
,

,_
.
9

J



A

I*
~

.!
'

1
'

. . ,

-..0
,

['-
*

1
41 ; 1'

; i

|
e. c

|s

k s
\

J .
e

'
1

s
,

j j 7 k
'

A.

,&aa

i . ? I i. '

i ti-r,16
\\\\\\\s

.. n;.. . w w ..

;$Psj!'.V $!W.}![I[ . NN.Mi!!! j- pjS g,iy|g.Sfil;I|gKj.%I yp,s..l'

a 4

1

, a* h
'. /. < '

<. O c ,1 1

\ ) ? / Y,o

k@o - i$ ?k.\
6 i -'

, .h ;- (b'p.<

v c#%; . . * ,''Q *;.,e* (

$'.D ''
-e

*
I .

0

) I
) u '3 g1c

qy .
* %)

'
, 9I%( s . u

,
d * M OT :: O

J o . - cJ.

4 1
Q, K

-e
B IT

.t Q 1e -

d M Q !

1
| .

( W M g C'
. s- +p

t 4 * O ie. 0 1 g ,

Qi d -+- o. !

*
. .

- .) * * .2 ?.. * E 3 $ i. *
. .

-
-

. z ;; v e i,

+2 ~3; I
- ~ -

o m o
1

.

f u. R
W

I 3|
%||

10 |
\ i

, E i

.S i. ~ ,.
. j j .. j N .L

. . . . . .. . .
.a*s "!

. .

. .s se d!ypn);#5N'!ihyi.?' dj0it ijN.idjj$.;$',$h '''- ''
, * h'f |=. #.

.

. itii@I|
}-,

' '

.;

- E8* y,c.r. f,t:: y d: m. ., s : - - > - -- , pg[ % c=,, 3,
. , s

' Q bI

i R 4
j 5 .u m.

1 .

N ~C
| |.

Q
.

i / N .

.

j / ,/ ' t A. i

!

.'CdE
;

~

.,. .w
-

'

. . . . ,
- ~

.. . , .. - x .

._

I
1

)



7
_- _ - _ _ - _ _ _ _ _ _ _ _ _

.

.

&

Q

f

.

I
1

6

.

.

e

r

'a

9

.

. ,

> .#. _'.. A -
., ,-. . ,5-

k,b , y ." k q'
. .-

.
.

-

*

' .
- ).

~6W . LOraCOdC
m.w .

,' -

ji,ij. c', WM( f*'8
,

& ''
'

..__

M'.xq..:r.=.ilf'.4 w- C# - ,

m. .-v~p.q. ,, y
84 WAVE INHIBITED VV4 ,. ,ky% }. f ">

.
,." '' "

1

'

850 TOPIC PACEFt
' ' ' ' '

.

' MODE L C.101 S N.1028

} ,'
- *

-$
#-- - ' ' ^ ~ '

.*- gJ M
+ , t.2hu 131 < 41 CJU . )- . .. :

.

- . 3 . gmaanwqma no y m: v .;l .* *** P r
,"

., Me . - -

. , , .

. ?.3NDI ANA. PA. 4 ,-s*, ye . i-.7
hd' T'|j1 y k"|$'[ ? ('

*
' ' '

~

'f, W ' ' , -!; ' *?- 1 s. .. . . .

, _

MDEf.f[mw. k .II -

.. . , . . . . . . jg , Q. ,

. ~ .. . .

*
.' . $ ' ,. s ge y, , y .D."

y e
' $ *

'~k4'* ~ Q ,*$'M %. . , , ,f %,
%

y~, ,'[ ' ,, _ . , , .
* ' ' %, ,

.v4,s,. .
,

. e - .. ., g. e

* |. [ g4 . ['f*Ra(.(",~7Ap . ..,. _

,

'

% .? . Y ''' ].
,

.
-

>
,

.

# 4 *

'.,;'



b
_ _ _ _ _ - _ _ _ _ _ _ . - .-. _ . - - - _ _ _ - - -- - . - - - - --- - - - - - - - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - -

__

=:

M"
-E

w e e
=
-
m-
A

Q'' ; '.h' ' ' J -| . % |* ?.' '; i!. |"'\ | .5 D:|f'. ;7.C):h_ ' )*':,y.A{.
- - N? 5

N.
. , y ;.p- - .. . . . * , *?. : ;- .

| ,' 1 I,:;,Y. . . :Y:. 1 -
.n- u'*: T L. : '

,(._,_,. ..;& [|._'f.|. .in, .ij.,0.'.} .y'e' ; 1' ~*, f rQ.W||T , ,. , . .;[:;; '., + .!,|. :. y:. d ' ' 0.'['; ' .'. * . . .< |k .j*.-" & Q.[. Q. ,~, . :,k.}.*)|,
'

-

|
.. z, ;, ::|T. ' . . |s b|. ' . .}m, y "

-- v: . :- *

}..' _; .

\ f . 3.-.
a., | ,; . s* ' ., .;s.? - - " ' ,,,=.s'.::';_',,',,t m ;' . .

w.i n . .
y_ . ,r:-_.

; - . e ,- . .: . ' . . . *. ,* ?.-
* ^

. * .
y ;* *.,.g . .., , ,: ?| (;, |.

-

;,1|. s;,; . :',, G ;*' - |' ' . - * '. ;^,_
'Q,-

'' ' , . ' . - '. ; \_'-;

' ..: |j. . * ' . :';:.. a , t
=-- .%. ' z ; '' ~. 9. q. ; . . ". ; ,

-__*(.y,.,.,,.'.:
* *. *; ' ; ? . '.

* , *: :

.,'{:' . _ |.z. : . .: . , : . :|';.....n',.%.
; ' -

' . ' , -- - ._n '.,.,1,_i . t , , : ' t| > . . ;;, : , **a,,kiik- .s ' .;. . , .:; . ' , . , ' . . .. ' . .
' . . s ,n t ..s

- . . .;, . - ; . . , .

{ S ^.; .' , ;;; s .:.
- ~;- -

7 j d; ? f, , ;f;'s E (.I ' I
, . , ,

. Ni C*' ' , :f.f. ' '5 . 's,l|[ _*|| |.' R ; *:: ; ^ - ~ :. A.{ I * r.' -|
-

s. ; .ib. y, :.'.| h, . .e. . . - a . r n.;: . . :y. .'.' . ; , ". . *} . : .0 -*.
'9.'f._.'._

;.. ?| ['',o

-| || ' , - - 5,, : ' ' 'j.',c .|,. . .. . - s. ; .
,, .*u.p.+.y. .v * :.e. ,Ii.....<'..

w o;-

, ' * ' -| ;('". :. :'f b.' ;;;. ':.;. ; R.L' ,'_ | L.,*_:. 's :|' i. [ , ? .'' '9,['I. O.:.,.,,~..'|.<..o...s.....c4..,.,,.....
, .s. m.,.,..i-2 a..y...,5,; , , / . .;

.:: .
.s

.._,..,y... - ?is- .

. . ,. . ; - . , ;, - ;., y . s,f s. / . - ;.,,,., u.,..,..,':.;s...
., ..

.-.

*. si - ..x . . ~;,. . : i
.< c- >. , , .

x O ' ;'f .) i s y|. +...p , :_ . . ..'.' ' s. M.V:.{J.,; r.:; @.

._s y. 4 o ;
;p'.I'.L; V ~|.%.

;}: .;
*^

,,s s. .-c.
,

. . ;: e ., i ; : * :.''o,';
: ; .|.;. g . V,' ; ' ; :; f..f*| j:.* :. i | | .''. _ .1

., *-y '.,
- re ' ,.L If .

y.g .|
_

: . .o.,
, ' . | . '. | c ' l'

e.
, .

p ,..c:
, :

. . ..
._.s.); ~ >: . . , . , .;-

. ,*'. :.). : y, ,~ .
;c- .. ,:_.,.,; - . , , .

'' . ' * G .: ?k. . - i , _ .. (x .. - .~ -
'

: ,..: ..2.,,. :- n.- .;.f .7 A
--

*
'

1. :n . .c,-.s _ . . . _ . . , ,~.
~ J. 3. . :: . . . . .

-- r .: . ;': . . . . - ,. ,

| . y, . ? [' . ' :! .' : * . ' ';; t .'f. : ' ' ''.':Vi, + d - .

! ,'*;j ' ' ? | . : . , ' ' | 5 '',,.;^,',' '' ' ';'. *. '.',]'y; *;. ' .. . . ;. . h f". ?'"(. . ', 5-.) , f., . ? ,% . %, . _'~' ' .T '. b' -.-.;.s

' : :? .-' ' .
- :..|

-: ' ': .'_ '. :.: : &v.
" ; . . .

.'w % :
..

,1... .Y . ",
~ :1 ' '; . : ': '' -

. . .

. %.;, ).,. ' ,; j';|.'J.'.'.y'.',,)5"|" ;f ^ 7 : .'e ' ::; .e, -| . L* y. .') _ ? 'j ? -

$|,e |.' ' ,.;,;;,1,
- * 1 . | 1

'

p;Y';.'q',e.''...e<..','...,.,,. - ).
.

.

. ;E- ..y . ., ;. : ,:. ,j * s .',. s;* ...'t,, '|. a b . ^. ;',u : ., . .,,.,$'.'".m :. 1 . : .
. -

.. _.[.,:.' ,> e :-',; - | .- -' . . -. , ;A' ' . . *. , ,s", : , , ' ' " , r .

'

} t - . .y .. ' . , . ,

- *
e.. . . . , ., . _ ;;., ,..n-

.: .f ; Y % . . . h;, !+ -'' ;|f . . f, N,[ .:'. 0

, : '- ;,
.

5

, . . , . . - . . , , ~ .

( ,
K.i . f.$ , * ? ;,. |

.. .. > '' :. ' , . , .?. |. -''f ; ' ._. ;I|'Y ,'::
'^s., - ' |'|, |* ' ^ ''-

'':5 } \ i :|: Y ' . q '
.Y

h .N .': : ' .' N. ' '
i

;
_ ' |: f.j ' ';,;;~.Q '' k l|| 2

|| : : ',

; ' _ . :. |,;., , | |'.j -|| 7 w;. ._.,, , I|i f ; ._ . .};: ^ - |:. ' [| ' L ', ?*, : { ?'|:|)* ; _ ., j' ?,,,..|._ ||_ '.' '_' ~' |I, $ } :;
- -

,

..L.'';'..-.:...'';': .: -C % ' . L.:.%, .- ..y .s - .', . . . J;; ;_ * .'._".'s.- : . ; *.,W :. :p _ . 'o .. ;. ,-, ' .,>: ; \ ~. <. . ': :*; ...C.. ;; . , . . .- . . ~ , . . . i,v . : . '.'v : -'a t., . . ; ? ; ,:; . -
: .

' .... , >:' c '- ?
'

. :.,= ':- *: . .;. _,_,,c.;,',,"' . , ,-'*:3..,.* ', .|.

E'.'..... .| r. . . . ' ..' I '- ''' ~ : ; . j%,. i's | '. '. ~ '" . ' , . ' ,
n- .a . . . .,_-

s.
. * ?.' :

.

' O.* : . '' .| '| ' ' .
'

v , ],
' . .. . . . -

;;'. [ ]~ # , ''.^ . y,' . , Y '|'^ <_
. . : ' <<.; ';- - ' - ; -L I ' | '' 2.'*: g. a .. . I '. ; - .._ , , '".';.

,.. . :: '.'

. c. ;- -
. .: , % | , . ' . ) ; , ; . |, G -. ! ' 'L''., ..: ;; , s L

_ ;
'

t ' '',,/.._.*
.

*

- .. _ ,

.

*-

. . , , . . .+ - .. ;- :

I- ^- ' ' ' ' '.;...U9 - |. 5, . . . :,, .. . . '

' , . ' . . : ,-,; s
'

* ' i * ,' . ;;.,,
;. _-.

= *N
~^')

y .': ; |;'y -|.f - .,.y,*'., *, ; Q';:. ,*.:- | ~ ' ,'|-, - ~. , ;_ i .: . p:.:. '
._ v .?.

" ., . . ~ > .;*,._1'- ' , , ' .' ~s. L .} ' ''.:'.'; "'.'';..,6 ? '

'
.s , .' . ::. . ' '. , ' , . . . .' ' :. ;., \- -/ : ,

- ,'. :::._ , .,
,

. ' . ., K 1 t . . . ''t ' ;
'

.?.-

. . . . , . . .
* , , ' _ , , '~*- - ''" - . -' . . ' , , , , . _; '..s ,'c:._,_'s,.. ,'.,:'_.'.;.,_ . . _

, .

,i '

;- , ' . _ a.
... ;. ,.,c _s': . . ~ ',.

.?',. .. ..;_' . 4" | ,-*,.
. ,,.

-} [ . *,.|'..g: . .. - . . a. .. :.+
'r . '",y^.~.,.*..-'' . . . , <*.,.:: . ' . ~ . . '- . , , .

.
_

_

..3 ,. .-
'

;.~> *. *V*.. ''.:.. <:E'_ .

- ,, . . , - . s

. ' . .
. . ' .', *., . " ' ' Y'[ ,..,; ; '' '..'.._'...=..f''.<*!; I '?,.)[,'** '')':' 0 - ' ; .*

*1

. * i - . ',
k

, ~'>.'*;* *-' ',
'

:
.

* , ,,
, .; .i .?|

e , :
'^

-' ;:
'

. '

.
''

~ *; - .'. - ;C

.;o.: 1 . : s ., * ''.
.a.'..:.,,

. .' . . . . , . . ,' . . , , ...r:., , .*
- 1.,:", ': -s ' st - . 2, . . ' '

- ' '..,_,'.;::* * :W ' ' '

.-

**.:.
' ' ' .

-':"|,- I. c._'*:- . . ' :s'1'.,,..- ~t , - . .
0' t ; . '' , ' h . : ':_ ' 'Q , - *

* . ' . . . . .f.'

.', , ,. ' . , , '.. . ; J
. . . . . *p 's..*:..'.. , .

*t;. ' . .-; ,. *,|.'.'..).
. ..

'

.'.t.-..
Y

1 . $ _.;
'.t

. .' . '',.,

y'
* ~ . . '~,'..e.:._:.s ,h '' . :; :. ... ......n- ,:..; . . .;. r...*' -: . 2 .h

. . . ? , |!,',

. . ; . .- . ;'...,. . . . . ., ...?.[ *.; _
s. .,:. *

, . . .-~ :: . ,* |, : s. . -y, , , . ,

'

. .] ; '.;'' z.' _ ', , ':: . y . . , ' . _ -
' * ^

. .z...'..........." . _
.s

: ,..'*,:; '. ?

: . .4..
..s.,

_ ~ # - . e . .-;
3:,..,. .-

.t a.u ...- . . . . ...,. . _ _ . _ ,. , - < .. . , . , , . . . , . ..
y s

,. . ..q.... . . . , < .< , ,;,

Y ' Y; .|| -- ': ' - N- * $.. .- ';'|, . . ,
%' '_ h. |.7 .''Y, f. |,' Q f. f :' ^|| | .h,|$ f 1,$.',' |' , . |, . .; | - -- , . . . . . '|t . ' ' [. f.'[..| . .

;''-

.. I ';:

.) [ .. ., '. _h :
'

. , . .

. ' * ::_ - .
;;, . ..*:.,.< ' ;;; %. .: :' i 1 b . * ':| *% . . . . 1 'a , : -

. - e r- . . ' ' ,
,

* , - . . ,: : . . :. ,'.: ... ' '. , , ;. ,' :, ; /, . ; ^ : * *q . .' '
- ,', '.',';' _.'e,'

:n '. . . . . .,:.... - ;. .' ' e .; . ~;
- - , . - .

- :. '. 7
-

.:
y ' %; 2:*,*

.- ...

_ - . _ - - ' ', . . , 'p ' [ ' ; ':,., ,..
.o ; ;. L . .? : . ... : : ; | t q''y' _,;. .. *..;.,;-_._.?,.,

'

. . , .
* , . ,

- - ' t:. - -_

.s'L.',. . : * '

: ;~ i - ', .. ,, . , . . ; . ; .,
.

| ' ~* * *
* . ..::-

n. g M . . :|..- ; ,,> .s

+- *-.._ .,.'y : '.,[ ' ,; , : .: - . . . ,_ ;-.y .:_ c. . . ._ ;, . _ ' . , , ;,. ;
. : w- ;

;_.

. . ..
.

,. _ ;; ; ; 4 _, ' . :,
,

,
, ,3 , ;. , . . < .

_3 .
.. , , . . _ . . t. . , . . , -

:*:- .. ; . . ,.| ^ .- . . '

,.;.' ' ,A,. ,*! - >.,^ .' . ', ' ' ,- 2,'<>e. * ^' . ,:,,
-y- - ~ - . ,,c.. _;: , - , ..f .1 ' ' ' . . . , - ''f,, p s , ,

n '. t. .V. :'%. ' ,.%.

.

._ . ,,,,

. .

,. .. ,,, . , . _- , ' _ .'''r,*,'. ~ 0 ..'' . . . - _ . " . ' ..|,s.,._..,-. y '. t .

* *g . '| t * , _ ' . ' , f y, ;.
, '' . * |' f ,',' , ; '

_

:} .| . . ;. ' ; ;- . . . . , '.
;..;.'.-....w. - .. . . , -n.r... . _ '- '%*. , . ' . . . . .

-

,.
.

.
.

. - , L; ' s e | '-

.

,.' -'' - .: '.. ' ;
-

s;=-
''

_

. ~ ;_ ,(; s ' , - \ _ .., _,p g'y . ' ,[''
'' , '' _ ;' ' s ''? , y *

.- ..';.- ' . .; .
' '

_.

.

:: , :,

, _

.\^. ; ; .,) ., . . . . , . .
p : '* . . :.{ . . | .

' . L .; y ;.. ,,) _; :. ' ' ._ '.' .
'I . .T,... ; .; * '

. ' .f,' ;. _ ,

_ ; ' . ;[ *: . . ,'' '. .~:.. . , . ' .
= :,:

...; .'|...u *-). ,'- :: E. :.

2 t'.

_

.s y , ,, [[ ' _ ; ; ' . :'f.: | 3. . v, .[:,. .i j,g, . ' ' ' %.h' ' _; .; ,|
_

- ,~ .y.
_ - .;..

, . :: . .y'. . ~ ;;,,: . . . _ _ _- _.;,_
.,;am= .' - .'

',
;;. , , < . ., ' , ' .. .. ' } ' _ ., [:. ;$_3 ;, .; ;.,9

-

. f _ '. .:, ' . |:._ - [:
3 ,;_..

en ,, - *.- . . . , , , . , . , _ . . _
-4, , 3 . : , .._ ;. .. . . . . . . . ' . *- -; "; *_

e- - . - .

: ,.,, .).,,.'..__,".._,,_ .'.
. ..m- . , , f.,

'
,

.- .. ..,;.

,... .::; ;,_
s ..s . ..._y. _r

^

,',[ '.. d i'

-

x.5. . . : y
s_'

" . _ (, ;.. ,.; _ ,, . . . . . . . . . . . . ,* ;,,
-- -. ., ; . a ,,

'

,.. .. - . ;._ . . . ' .

' .' . [ # | , " , 'j ; . f: . ~;. ,' ' ' ' , ' . . '.,*':.#,_' ' '. j ;,,i; j ;||" ,'; j. '. .. ,[ | .
'

;_ ' C . , .; 1 , ' ,",. j , ' ?. [<.'. ' ..' , . . ' j p j #'S,! , J. ... .; - ) .',6. < ,'. , . . . " _ ' . .- ; ; :' . '.'?
.; A _ _ :. '. '. . ' .. .k :: ' f;.

f
-

- .; ;. . . . . . ,
.

.

.'..' , ".c. ' ;, - _,;.z, . . :-. ,-

- ....:*' .,n . .
.;. - ' y . '. .. . .

s - , . :- : c.,;: . u :-;;'
.;.

,,u.._
. . . . " . , ,

.. . . . . _. ;.

. . ., _, . . ' ; * * ; _., . . . . , ' , '.z'.;. .. ..- . . . , - .. ._. %, : T

J''':'~.''.
.. ..

._..'~w.-
_ c . .. . . : , [.v.

.

.. -.

....i
.-

. . : ? . .
..,.c3 :.;'e

. :,.,;..
. . - m, v;:.,.:-

, . , , . _ . ; '. . '. ' . , .- . . ,
-

#. . . _ , . . . .
t : ., _ .: ;; :.' . ;.-

: . .. . .*.

., ,, ,, ;..n~.;_,*,..,
..

'' : '.% . ;.,.
.; ;- .

-
. , . .- . a: ;

,.

.
,,

: _'.;; .. . :.,% * . . W . ..:. y' ' -.y,..
" '.*:..'.'_,.e_

. [:D ; .. .,

.

:.___ .:.',., i'sx . ;. - :... . . . . ,- 3, , , J. ; *
,

| d '. : % " e ,' .
'

h.*. ~ '. . _ . . ' .?,,.
* * ' '' '

-,:.,:. 'e '~.:.!:'.;_,,-
' ''

n ;' ,r |

. ;
e d'' . -| '~-..*':* .; ;.. - _ . ;, *;. | ,* ; '; ' :- ,3",

- _ . , . . a. *. :; ,,
. : _- ,- :.

* *
. ;* .. ',. . 't . . _ .",

+

-

. , . . .'. ,'.3_,_,..' - . ..| ] , ?*'
, . .y.....

, .. . ; . .g.
. . . .

;q ' ' . , '.-
; * .',.7 . - ' 8

.k _ ., ;_' .,_- k
_ _ ~ *

- ;. , , , .., . . . - , s;. .s - '; . . . .
-

,,y i, f . . , -- .-. ; :o r.
4.~- .

.
.

.. ,

_

, . . . ,
.. . . . - .. . . . . . . . . . . , ... w,

, , . . - .. . . . 4 : . . : : . z.
. . . ,, . ... - -,.

,

:: , '. . . , ' :...'|,: .. . , . .; ,'. . . . . ..s- r....... - . . " c ': - , , , : : c ' .' .n.q : . L,. .;' ,. ,: .^, ._ , .. . . . . . .. . . .

.
.

. . ., , -. .

_, . ';. ,' ( '. | | * ' . | | ; ': '[. *|,_ ' *; U '0;.
'

'

. ' . . ;

*

_

, _
;. : . < . ..

,

.;.'' 'l
I'_

$ N$hfhkh[ ([ Nkkhhhk bk' '

k | - ' "
* N ' '

'k, f ,
.% .

er ..#<'. ,' ' . , , - - ., '
.r . . , . wee - .o . j . 9 .. -W

; +
e: . . 'og.

' hi.
..S',,

^'. " , . .
M s.n

j f {$ ,
- R. ~ . k .y Y

g
- "._

![g.$.y advt sumnovVt6 1, $Mdw 6/GidbVPAiqq @>g|:ge
p$

J iscioricPACER - &
ip . .

:
. g.. yh .', g\-% ..y ' MODEl.C 10F S$f1028 3 di.

a . ,
:

-g 5 1 mn u,
,

.

. . g A :, e . 'fM9EE2)td43C M 3,''. %Q . u .
's *g

( ;,g.y, ; . [o,.[.j,I' d2; . .
i.-

'

2 QQfw
,

. m m w e y ms g Q q ;.;. c *e n s m, y ._y yc s

'0,* |
' $',4 ^

;
. , )N V.-

h,
'

,
.

,
, ''

.; .

'l --

.t'' ';'t . . ':'.('M t ;9 . d+r g ,, .3.< $ m L' ' . * ' "' 'gs - . * .I ,

<t'
* M |- [ , ''T

.

4 .. du,g
, :j v'* . f <#W-

, y

. .

.
.

'

. .

N
l|f!fy

R. Q. u..: s. .,. . , .cM, '* 'wM,,.g.M';$'.W';*:
.- q .3

r ,', ,w' .,Y - .. - ..,.3..'f.,.., . , '. n, : . V s. , . ,,,4.,.:,.,..
' * :

: ,c. 4,.1,> 'ifx, ' ~ . 6 uw.
? .*, ' * *

-

c.' R
' :p- ..

y . , . . , . , .q. . % k;

..-- J .. h. | , ' f. >y,
. '. . ' . , ... , - . ' , - , .-.y ,

..;.~-' ~< s ..-
. . . - , as,_ , . , -c .3,...,

.

7 ,, - , ../ ..,s..,,.....

.' * ,_ , ,
,

;,, ,
..'.'._,;;,',':.,,.'.'.......r..

,c, c .y

.. . .. ; '.",:, . -. ,? . ' :
- ;

. .

', .>, [. .p . * ;; , '. ;*
. . ,,| f';|,.]y;s, . ". N : ': ' i ' Q '. . , ? q ' a' ' -

, :. , . . . . . . -..

. . .. ;_; . . . r .. ._.;,....'?.,- m.;. , , -
" .

*A*
- * ,s^.,;,_,..

. . :

*.,
....?.

', y E:' 1;; .:. . 'c. . ' ;:. | ,s :('',} . ; . o.'
;. ; , ~ . . ' ' . * .,k , . , . , -

,

'

. : . . " o * ' . l. .. .-
| * *W '\

; .

'
n.->

''
,.,3'... . /

r..
, :

Sa
'

-[t..-
:''-~ss_

, . _ .
_ .'p

.

\.
...

1- ' ,,, . j g . .
-v 1;-;

g.n -, - , , . .;... .. ,[*
;* ..

. , ' . . . ,, ._'..,..',.;'j.- . , ;,.W'y..,. - ....'._..,s
' i . ' . . '

t 'n

.. . .
. . . ._ . t ;s.. . . ,

g,,.-_,, .

_ .,,

o: ._..;
. v . .'.,,.",.:.''. , ' ' , .

. ,. . ~

y .4,s . , ',
.m.. ,. ' . ' . _. ..

,

"
. . .,'r.. f. j ,v{',.' y.i ,,. .: ' . 3. . ''j' '.y .

,,'|,
.

.i ' ....,;_ , , . ,
, . ,,.

. * '...;..V.f; .*
.

'

f."-
. . 7|

.

.

' .. . . ,.'=
, p

. " o. . . . '' . . . . . . ,, ,; .; ; . ; .
. + ;e

. _ ,k,: 'Y. . . . , . . . . . . y" S . '- % *
. . ,j -.J

',
.

', '
. . _ . . ., ,y :. . . , ,,

. . ' c " , - ) _ -|:: - | - f L ''; .|% ;: Y , . ?; - - . , . . .' -} |. }: . .?|.k ' .. | , ,;.' . .y - .. , . - ;-; p.g. :: .m..,.'....':v; ; .r Y d . .|
.

.a.,',,','.,. . ' ' , ' .
'

_ ; ,,', 4' . . . .
-

. . . ,

c;; ,,: , -

;| , . _ ' ,1 -| . ';. L _ * | '' , ...;' ; \.Q:
'_ _. 7

_ '. '

-

, ,:,.- : . a sv . . ;;. . a . ._ ; . .q ; 3:;.- ;. ._ , -. e ;

.j,p.,.;...,...e.,...?
, . .

.

. . , . . += . . 'i .c,.- ' - ., .. .-

". <'. ^ _ :s 7, ' ' * T .;'' . , . , , ' . . - .. . .z . . *** ., p : . . :L - . . . . ' '| \[ g. ',,(

. . , . . - .

E, ., ...;. , . . .|.; ' ', ' ': - .h . 27j . . ,
,. . . . . .

, , , . .,:;, ''~'''r,... * ; *.;_. .. ., ..
,i- :- ' s. . ': / - - < * 4 | 1, .. . . , , . , :. *

[;%': . - ' -

7.; _.,;.:[,\ .g ; ;:.|. , ' , ;.| / } . _ T : . . _ , . . ' ' '
1' - :. . ' -L ~ __. ,.:. , ''; ' , , . ', '. ' % ' :: -,;;; . . ;. _ ,.

*

... ..,,: ._',:..;_,...:s,-: _
a. . (

. .J.; * .'2: . .:'
_ .- -

_ ;, f_. ., :.. i,' _ . ' * ' ' ' ^ . . , ,

.'< ', '

y',.
. : .. .:1. . y ". ; " " . . b ;;; [... 4 . 'Q'_|[..''..p'z.7(':.:;. '. .,

.:. * , . . ;.; .. ;; ? J . Y,C ;' .,' : ' [.. :. ( .:1 [L.:.i..,.~L,.,.*
.\ . .V ~ .< y(; ~ D, ' . ;; : , Q_}:, . I . L * . ;._ . ;,.._ : . ~ .

.. ; - ., ,| ;
- E: <. ,' . , : > :p. .; : - _ , . . . .: - .t._

.

.- ' .: - . .: . i.. . . . . ._._;y -

. ,.
.. . ". .. . - .-

:/. , e :
.. :.,i. :_ .,~.:.....; .

;. .:r. :; : ;, .e ; .;
. . .. . , " . . . : . . ' ,; ~ : .e ..3. .; ,. .''. . . . . . ,'

t
'

,t (; e - -: .. _. -.. ..' j, , . . . . .jq?/, .E'y , . y. . ' ,c :
. . .

'

. vi. . v.

.
.-}.. -

,|'.,.: , ' j . '; , [ ' , , . 3. , ',-. [8, ',M,.-'
.

~ " . '.. ' -. ~ y . .| . . i.,';{ , 'f, , | *
,

ii 4. ,./,. ; N ;g .. . -
- * . . Q y.",

.. ',' ,.,j/[
r ..,,.[;'.,,.:.'.,'.....{''.:',..

. ,
J ,..;, ;. . t1

. - . , . ,..,.s. . . , + , ;rj- !: . . . . ,L % : . . . .
.f , , , . S. , o , , . ., ,.g.

- ; . , . .., . . , .w,,
; . ep ' : <

. . ..

, - .
.

.(. ; g; ~ ; .. ,c . ;_ :__ .; _'.,e-*. - ) < ; ":' . :f . ' . } ,( q: . . . . ;._ , .j . -
. :..r.. I-

.. --

s ;, 3, .;.; | ;; . '.,'; . ,,. _y_ %;; y .,. :g _.g -



ffpcasGckeaM m+af
more ab0ut . . . The isotopic bttery 3!

r
;

2-2. Introduction to the C 101-P'
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CIRCUITS
I

com Juncuons h ocoue n N Ju e sThe critical circuitry in the C-101-P is contained in two hybrid j
packages. The use of the hybrids and a Kapton flex-circuit greatly

'

reduces size requirements and, due to the minimum number of -N !
s

hand-wired interconnections. improves reliability. , h i
,

- 3 j
+-- m !

; An extra measure of circuit reliability is achieved through a rigor-
'

) '

/ p[.h. jous testing program which uses a quality assurance specification ig ,,

evolved from MIL-STD-883 method 2017. This and other aspects gg le~ _ / ', i
-

y,

dh | !of the reliability program are more l' lly detailed in the section TOFACER eu *

entitled, " Reliability." CaCUIT ~ X- -- g#M j j,

l ) -
,

'

| |
~

__-
' /

,I
y

/ISOTOPIC BATTERY N
~' ~d '

The most striking feature of the C-101-P is its kngevity, md the U
key to this longevity is the enormous energy stored in l ietop. Fu i capsu.s

plutonium, the fuelin its isotopic battery. After 80 years of use, i

this fuel retains more than half of its original energy. To insure OPERATION !
that the isotope is safely contained in the battery, Coratomic j
shields the fuel in a set of extremely durable leak-tight Plutonium fuel emits high energy helium nuclei called alpha (
containers. This system has proved its ruggedness in a variety particles. These high energy particles are stopped by theinner {
of simulated accidents ranging from an accidental cremation wall of the metal fuel capsule. Some of taeir energy is r

to a midair collision of two jet planes. transferred to the capsule when they collide with it, and this i
*

| heats the capsule wall. Heat is conducted to one junction of a
RELIABILITY semiconductor thermocouple while the opp,osite junction is

kept at body temperature. As a result of this temperature |
To match the potential for lifetime pacing offered by the difference, the thermocouple produces electrical energy. |
isotopic battery, Coratomic uses high-reliability production i

and quality control procedures originally developed in the The amount of heat produced is quite smail:approximately 140
aerospace industry. A comprehensive test program is then milliwatts. This does not appreciably heat the pacer case when
used to evaluate the pacer design and finally to test every the pacer is implanted. In fact, the case temperature remains at

*

production pacer. body temperature. -

Each thermocouple produces only a low voltage - too low to ,

operate transistor circuitry. Multiple thermocouples are |
connected in series in the battery to raise the voltage to a level

'

i

i
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wnere it can operate a transistorized dc-dc converter. The A pacer patient could also be caught in an industrial fire. To
converter increases the battery output to approximately 6 insure that his pacer would survive without releasing its fuel,
volts. which powers the pacer. A stabilizing diode maintains Coratomic heated a pacer to 800*C, quickly_quenchedjt_!n

_

constant voltage input to the circuit, calculated to keep pacing cold water, and then crushed i.t with more than a ton of force. In
rate and o_utput current constant during the first 94% of the this test the C-lOl-P fuel capsule survived with noleakage.

_

pacer's life. After this time,the rate decreases by
~

10% and then levels off at the lower pacing rate. Even if a C-101-P w1s lost at sea, four special <Drrosion-resistc
encapsulations would shield the fuel. In fouryears of salt water

ENERGY DENSITY conosion testMg. no measgWcogshpMy
outermost encapsulation could _b.e_det.errnin_ed with

The key to the C-101-f)'s long calculated life is erergy density sophisticated analyticaI' tech niques. This indicates that the f uel

of plutonium. This battery makes use of the energywhichtinds will be safe even after prolonged immersion for more than a
the nucleus of an atom together. This force is hundreds of usand paa

times stronger than the intermolecular bond which joins
chemical compounds in conventional batteries. High energy RADIATIONi

density enables Coratomic to pack decades of pacingMe into a Each pacer contains approximately 270 milligrams of medical-
small biocompatible package.

| grade plutonium-dioxide fuel which emits ionizing radiation in
j three forms: alpha particles, photons or gamma rays, and

SAFETY neutrons. Virtually all the alpha particles and about 20% of the
photons are contained within the metal pacer case. The rest of

Coratomic performed a series of environmental shtety3eststo the radiation is of the low linearenergy transfer (Iow LET) type,
insure that the isotopic fuelin the C-101-P will nevertereleased which can travel for some distance through tissue without
even in the most serious imaginable accident. interacting.
The cremation test insures that no isotopic fuel woul_d_ escape in fact, the Nuclear Regulatory Commission (NRC) has
f rom the fuel capsule even if a pacer was saccidentaify.. determined that all tissue not directly touching the pacer
cremated. Coratomic has cremated a fueled pacemaker tat

i receives radiation in lower doses than the safety limits set by
1.300 C for 90 minutes and the fuel capsule came through j the National Council on Radiation Protection for radiationundamaged. ~

! workers. The muscle and connective tissue,in intimate contact
The impact tests simulate a grim accident where two jets with the pacer case,are considered by the NRC to be especially
collide in midair. The pacer falls to the ground, striking solid

|
radiation resistant. This is' based on a large volume of

rock at over 100 mph. In Coratomic's testing an unprotected ; experience relating to the irradiation of normal tissues in_

fuel capsule survived impact onto granite at 50 meters per beams directed at malignancies. These doses are invariably'

second with no fuel leakage.
.

I -
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Reliabilitband Testin
7

!
. . .... -

i
!

!
delivered at far higher rates than the pacer produces yet they i

|result in an Extremely _ low incidence of neoplasms. It is Sound engineering design, careful component selection, and
uncertain that the few such neoplasms on record are radiation rigorous testing combine to make the C-lOl-P a safe and
related. In sum. the NRC has recommended routine use of reliable pacer for your patients.
isotopic pacers. having determined that the levels of radiation '

!emitted are medically acceptable for adult implantees. QUALIFICATION TESTING

ISOTOPIC BATTERY RELIABILITY In order to qualify for production and distribution each new pacer
design must pass the same severe battery of tests originally used

Coratomic. isotopic battery is one of the most severely tested to qualify the C-101 isotopic pacer. This test series is designed tos

pacemaker power sources ever developed. It is the only s mulate a lifetime of normal use and is based on guidelines !
second-generation isotopic pacer battery. the product of three established by the Nuclear Regulatory Commission. Some of the !

i years research by many of the scientists who designed the specific mechanical tests to which the C-101-P design was !

; Atomic Energy Commission pacer. subjected include:
|

Three factors determine isotopic battery longevity: component 4 g vibration for 30 minutes. . . simulates normat use

reliability. the integrity of the thermoelectric module, and 3.000 axial shocks at 50 g . simulates normal use

isotopic fuel decay. Battery components with measurable 96 axial shocks at 545 g . . . simulates falling accidents

tailure rates include interconnections and a hermetic 5 foot drop to concrete . . simulates severe accidents
container. The total failure rate of these components is -40*C to +60*C cychng. . simulates extreme shipping
calculated to be 0.15% per year. Thermoelectric m'od' ides ~have
been on test for 4 years with no degradation. Only half of the,

pressurization to 4 atmospheres . . . simulates a diverin 128 feet of water
battery's plutonium fuel is consumed in 90 years. The pacer is
designed to operate close to this halfway point for a calculated All incoming components are individually tested as they are

'

45 years average pacing life at constant rate. t
received, while all in-process components are tested at each
critical assembly and/or fabrication stage.

i

|

:
!

o
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CIRCUlT TESTING r

The graph shown below illustrates the calculated i

. Rate vs. Longevity curve for the Coratomic Model |Before each circuit ts hermetically sealed, it is subj.ected to a
thorough visual examination under magnification. Once sealed, C-101-P Isotopic Programmable Pacemaker. !

every circuit is baked for 24_ hours _ at_125_*C., subjected _to_10
i

temperature cycles f rom -55* C. to 125* C., accelerated to 5,000 g,
leak teste_d on a mass spectrometer, and then burned-in under I

load for 168 hours at 125*C.
;

ACCEPTANCE TESTING '
- |90

l

Every coratenic pacer is i
;

sub'jected to Acceptance Testina before the unit is_r_eleased for !
shipment. Every test sequence is designed to stress different 80

|
pacer parts and detect premature failures.

|w 1

E 70 - -- g !
* Vibration tested in each axis (x, y, z) for 10 minutes at a nominal \ |

"

40 at frequencies from 20-500-20 Hz.
I

e i* Hermetically tested to insure seal for < 1 x 10-e cc-atm/sec. ,
,

l !
* All pacers are_burnedjrlunder intermediate intensive observa-d

tion for 360 hours, or more.
so

o 10 20 30 40 50 60 70 80 90 100

YEARS

.

At 40-45 years, a rate drop of approximately 10%
will begin. The transition to the 10% decreasei

will take approximately 3 years. After the 3
year period, the rate will remain relatively
constant for an additional 30 years.
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DIMENSIONS ELECTRICAL CHARACTERISTICS MAGNETIC RATE

61 g Since the patient's intrinsic rhythm may inhibit the pacerPacmg Rate . . Programmable @ 38weigne .

/ tengtn .
. h. lcm

occasionally, it is recommended the rate be checked with ane,'ght[
' ' * ' " * " '

Pulse Current . Pr a mable @ 4 external magnet. Th,s temporarily turns off the amplifier andiand O ma-6. 4cq.
' sensitivity . . . Programmable @ places the Unit into an asynchronous mode equal to the pro- ,7aiume. 39CC

1.5. 2.s. 4. s mv Isoecific Gravity . 1.56gm/CC . grammed rate setting. .

Pulse Width . .10 r 0.1 msec |

NOTE Where applicab'ie, alt electrical @ BoL' |

charactenst:cs r'oted at right are mea. Puise Voltage . 5.4v, nominal @ 10.6ma !
#

sured into a 510 ohm load at 37'O. 1
Escape Rate. .same as programmed 4

MODES P'C'"9 '''' J
Magnetic Rate . . .same as programmed

e Normally used as an R-waveinhibited pacing rate f ,

A.se Rate . .same as programmed [ {(VVI) pacemaker.
pacmg rate

e Asynchronous (Voo) pactng cari be Noise Rate Threshoid' ..< 25 hz*
fobtained by placing the sENslTIVITY Refractory Period. . Programmed Penod

; selector to its FR (Fixed Rate) setting. X.375 |
;
,

:
-

'MAGNET
i

/
4

CAUTION: The u,se of the magnet to place the pacer:intoe fired
+ rate mode may result in the development <ff competi-

tive rhythms.

OUTPUT CURRENT AND CURRENT LIMITING

The output current can be limitad to either 10 ma or4 ma by using
the Coratomic programmer. With this feature, battery life can be

Weasured at leadtng edge of pulse. Begmmng-of-Life (B00 '

maximized to the extent the lower setting maintains effective
N*s".iEOwaEtEm$r$sYnNv$.' "' capture. At either setting, the current limiting feature prevents
Tne ovalith-P will switch to an asynchronous mode at the programmed rate when continuous battery depletion in those instances when the pacer is operating* electromagnetic mterference is encountered at or above its noise thresnold. *

into a low impedance lead system.

i


