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PRESENTATION OF CATHETEKIZABLE SENSORS ' - r r -

B. Rybak : - ; 

I,E.L,P.,Université de P a r i s I I I , 
F 7 5 0 0 5 P a r i s 

I . D I S P O S A B L E EMERGENCY PQO P^^^^ A "DO-IT-YOURSELF" 
PO2 l'KOBE 

Minimum interférence B i o m e t r o l o g y i s a ( b o t t c m u p ) — 
(top-down) co n c e p t u a l l o o p , The choice o f a measurement 
i n s t r u m e n t i s d i c t a t e d by précision, r e l i a b i l i t y , s e n s i -
t i v i t y c r i t e r i a as w e l l as ease o f c o n s t r u c t i o n gênerai-
l y f o r low co s t b u t , i n the présent l i n e , f o r emergency 
p e r i o d : when time i s expensive i n terms o f r a p i d mea-
surements i n due time o f P 0 2 i n a i l p e n e t r a b l e média 
and, p a r t i c u l a r l y , i n b l o o d v e s s e l s ( c e n t r o i o f r e a n i 
mation i n h a r d b i o t o p e s , e t c , ) • 

The probe r e l a t e s t o électrodes opérâting a c c o r d i n g 
t o the c l a s s i c a l p r i n c i p l e o f oxygen p o l a r o g r a p h y . The 
assembly steps cover l e s s t h a n one hour w i t h a good 
t r a i n i n g o f the o p e r a t o r , R e f e r i n g t o the f i g u r e s 1 
and 2 , thèse steps are the f o l l o w i n g : 
1. A p l a t i n u m w i r e h a v i n g a diameter o f 17 m i c r o n s , f o r 
example i s s o l d e r e d a t 2 t o a copper w i r e 3 s h e l l a c k e d 
or enamelled, whose l e n g t h i s a d j u s t e d t o t h e t o t a l 
l e n g t h o f the e v e n t u a l cathéter—électrode, and h a v i n g 
a diameter o f I/IO mm ,the i n s u l a t i o n h a v i n g f i r s t been 
removed a t the s o l d e r i n g p o i n t s 2 • T h i s assembly i s 
t h r e a t e d i n t o a tube 5 made o f p l a s t i c or o t h e r m a t e r i a l 
w i t h an o u t s i d e diameter o f 0 , 5 t o 0 , 6 mm , i n such a 
way t h a t the p l a t i n u m w i r e extends c o n s i d e r a b l y — about 
1 cm - beyond t h i s t u b e - c a t h e t e r • 
2 . At a d i s t a n c e o f about 3 - 5 imn from the f o r w a r d end 
of the t u b e - c a t h e t e r from which the w i r e extends beyond 
tube 4 , a s m a l l h o l e 5 i s p i e r c e d t h r o u g h ( p r e f e r a b l y o f 
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3 / 1 O mm di a m e t e r ) a t a p o i n t on t u b e - c a t h e t e r a x i s , 
t h r o u g h h i s h o l e 5 , a s h e l l a c k e d copper w i r e 6 o f the 
d e s i r e d l o n g t h i s i n t r o d u c e d h a v i n g f i r s t removed, by 
sandpapering f o r example, t h i s s h e l l a c from the tube f o r 
a l e n g t h which corresponds f a v o r a b l y t o a d i s t a n c e i n 
the o r d e r o f a few m i l l i m e t e r s • 
3 . A w a t e r - r e p e l l e n t cément 7 w i t h f a s t r i g i d i f i c a t i o n 
c h a r a c t e r i t i c s , i s t h e n i n t r o d u c e d t o f i x i n t o p o s i t i o n , 
on the one hand, the c o a x i a l c o p p e r — p l a t i n u m w i r e and, 

on the o t h e r hand, t o cément the h o l e 5 t h r o u g h which 
the latéral w i r e 6 was i n t r o d u c e d . A f t e r d r y i n g a t a 
s u i t a b l e température (such as kO C ) , t h e r e i s prepared 
on a s u r f a c e o f c h e m i c a l l y - i n e r t m a t e r i a l , a m i x t u r e o f 
s i l v e r paste o f v a r i a b l e p r o p o r t i o n s o f f o r example one 
p a r t o f powdered s i l v e r , c e n s i s t i n g p r e f e r a b l y o f g r a n u l e s 
i n the or d e r o f 3 7 "to 1 6 0 microns and one p a r t o f a 
f s t - d r y i n g cément. T h i s m i x t u r e 8 i s t h e n i m m e d i a t e l y 
a p p l i e d t o the f o r w a r d p o r t i o n o f the tu b e , care b e i n g 
t a k e n t h a t t he latéral u n i n s u l a t e d copper w i r e 6 i s 
pla c e d a l o n g the a x i s o f the c y l i n d r i c a l tube and t o 
c a r r y out t h i s a p p l i c a t i o n u n i f o r r a l y over t h e s u r f a c e o f 
the c y l i n d e r a l o n g a s u f f i c i e n t l e n g t h so t h a t i t covers, 
t o t he edge o f t h e end o f the tu b e , th© e x t e n d i n g p o r t i o n 
o f the u n i n s u l a t e d copper conductor prepared i n the p r e -
v i o u s l y d e s c r i b e d manner. 

A f t e r d r y i n g , a minimal l e n g i h o f s e c t i o n i s s l i c e d 
o f f p e r p e n d i c u l a r l y f r o m the end o f the sonde,by means 
o f a r a z o r blade so t h a t t h e p l a t i n u m w i r e 1 which serves 



as cathode and the s i l v e r e d c o a t i n g 8 which serves as 
the anode a f t e r chloridizing,présent a f r e s h cross-sec
t i o n . The s i l v e r paste i s t h e n s u i t a b l y c h l o r i d i z e d 
a s , f o r example, by e l e c t r o l y s i s o f an a l k a l i n e c h l o r i d e 
a t 1 . 5 V f o r 20 s or a t 6 V f o r 5 s , 
5 • No p o l i s h i n g o f the cathode i s r e q u i r e d . For c e r t a i n 
high—précision assemblies, t h i s cathode can be c e n t e r e d 
d u r i n g the f i r s t p a r t o f t h e procédure by use o f a 
narrow tube made o f p o l y - e t h y l e n e f o r example, which 
f i t s t he i n t e r n a i c y l i n d r i c a l space o f the tube h a v i n g 
0 . 5-0.6 mm o u t s i d e d i a m e t e r . 
6 , The measurement head i s corapleted by : a ) d i p p i n g 
the f o r w a r d p o r t i o n o f the électrode, a l o n g the e n t i r e 
l e n g t h o f the d r i e d anodic m i x t u r e d e p o s i t e d on i t , i n t o 
a d i l u t e d médium such as a d i l u t e d e t h e r i z e d s o l u t i o n 
or s o l o f c o l l o d i o n ( a t 0 . 5 p e r c e n t f o r example), o r 
any o t h e r s i m i l a r membranogenic substance, the c o l l o d i o n 
b e i n g i m m e d i a t e l y d i s t r i b u t e d by a gas j e t ( a i r , o x y g e n , 
n i t r o g e n , f o r example); t h i s c o l l o d i o n d e p o s i t 9 s u i t a 
b l y r e p l a c e s the a p p l i c a t i o n o f a u s u a l c e l l o p h a n e mem
brane ; b) a t t a c h i n g a membrane 10 perméable o n l y t o gas-
made o f a m a t e r i a l manufactured under the trademark o f 
" T e f l o n " f o r example - whose t h i c k n e s s i s p r e f e r a b l y 
about 6 microns , i n such a way t h a t t h i s membrane en-
cases the l e n g t h o f the c y l i n d e r which has a 0 , 5 - 0 , 6 
mm o u t s i d e d iameter , an e l e c t r o l y t e s upport s o l u t i o n 
11 b e i n g l o c a t e d between t h i s membrane and the c o l l o d i o n 
membrane 9 c o n s i s t i n g , f o r example , o f potassium 
c h l o r i d e o f a s u i t a b l e c o n c e n t r a t i o n o f 0.2 M impregna-
t e d i n a support such as a " n y l o n " network , a g e l ,or 
"Joseph" paper . T h i s membrane i s t h e n wrapped w i t h 
s i l k or n y l o n t h r e a d 12 and the wrapping , a rough ré
g i o n , i s covered by a l a y e r 13 o f c o l l o d i o n i n o r d e r 
t o o b t a i n a smooth s u r f a c e t o f a c i l i t a t e t he c a t h e t e r i -
z a t i o n and c o n t r i b u t i n g t o i t s p r o p e r f u n c t i o n i n g , 

The polarograms o b t a i n e d w i t h , such micro-sondes 
f o r meaeuring show the pr o p e r shape• Thèse m i c r o -
sondes operate g e n e r a l l y between 6 0 0 and 7OO mV . They 
g e n e r a l l y f u m i s h about 80 p e r c e n t o f the response ob
t a i n e d when submerging them,under BTPS( Body Tempéra
t u r e ambient Pressure water S a t u r a t i o n a t 3 7 C ) c o n d i t i o n s 
i n t o 1 0 0 p e r c e n t oxygen, the r e s u l t s b e i n g o b t a i n e d i n 
2 to k s, w i t h a f o u r - f o l d i n c r e a s e o f the nanoamperic 
BTPS v a l u e o b t a i n e d by t h e k i n e t i c i n f l u e n c e s o f the l i -
q u i d médium i n t o which t h e y are submerged and a l s o show 
i n s i t u a l o n g o p e r a t i n g l i f e , S t e r i l i z a t i o n i s p r e v i o u s -
l y performed advantageously by s e v e r a l immersions o f the 
cathéter i n t o 5 0 fo ̂ 2^2 * 
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I I . DEFENDABLE PHOTOMETERS USABLE IN ANY PENETRABLE 
MEDIUM 

1 , A b s o l u t e model 
The d e v i c e ( l ) i s c o n s t i t u t e d 

e s s e n t i a l l y ( F i g , 3 ) by a t l e a s t 
two p h o t o m e t r i e assemblies { p h o t o 
diodes or more s e n s i t i v e p h o t o r e s i s -
tances o f s m a l l d i a m e t e r , f o r i n s 
tance 2 mm ) , and one o r two t u n g -
s t e n microlamps - f o r example from 
1 - 1 . 8 mm diameter , the o p e r a t i n g 
v o l t a g e o f which may be from 1 t o 
3 V ( D C ) - p o s i t i o n e d a few m i l l i m e t e r s 
from a p h o t o c e l l . The c i r c u l a t i n g 
f l u i d , b l o o d f o r example, i s p a s s i n g 
t h r o u g h two sets o f Windows managed 
as i n d i c a t e d i n F i g , 3 , One ph o t o 
c e l l Works a t 7 \x 5 ^ 0 nm, the o t h e r 
one, f i l t e r e d by a Wratten f i l t e r , a t 
6 4 5 nm when the cathéter i s used as 

photometer. The Win
dows 1 ) f i l l e d w i t h a g e l embodying 
enzymes o r r e a g e n t s , 2 ) and covered 
w i t h a perméable membrane p h o t o c e l l 
( a t adéquate^) and microlamp p e r -
m i t s i n s i t u b i o c h e m i c a l t i t r a — 
t i e n s ( 2 ) ( 3 ) ; F i g u r e k-2. 

. 4 -

. 4 -

F i g . 3 . 

2.m. Simple c o l o r i m e t e r and nephelo-
meter 

I t i s the same d e v i c e w i t h one 
s i n g l e a p e r t u r e where the f l u i d { g a s , 
l i q u i d o r suspension ) i s pa s s i n g 
t h r o u g h o u t ; F i g u r e 4 - 1 , 

^. V e l o c i t y model 

The two v i c i n a l open c u v e t t e s -
lamps — p h o t o c e l l s o f the a b s o l u t e 
photometer a r e séparâted a l o n g the 
cathéter t o a d i s t a n c e o f 1 0 o r 1 5 
cm e x a c t l y measured • They have b o t h 
the same ^ max a b s o r p t i o n spectrum. 
I n a d d i t i o n i s i n s e r t e d i n s i d e t he 
cathéter a m i c r o - t u b i n g the d i s t a l 
open p a r t o f which i s sealed near 
the f i r s t { p r o x i m a l ) c o l o r i m e t r i c -
nephelome t r i e élément thanJts t o a 
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s m a l l h o l e p r a c t i s e d a few m i l l i m e t e r s a t the h i g h e s t 
j i a r t o f the p r o x i m a l window; then one can i n j ec t e a s i -

1 1 
_ , , 1 

' l o t 

u 
l -

1 1 u 
l -

C a p ^ e l J ^ 

i_ M o n t a g e ctvi c o l o r ' i m e ï r c - . r . i ; ' y ' : , - t ' f ' ' c ' - ^ - W 

F i g u r e k 

l y an opaque ind e x or "Cardiogreen" a c c o r d i n g t o a r i -
gorous t i m i n g , The dye o c c u i t s succèssively the p r o x i m a l 
and the d i s t a l a p e r t u r e s , g i v i n g t , t h e n dx / d t . 

The démonstration i s e a s i l y done i n v i t r o w i t h dyes 
a t différent d i l u t i o n s ( and i n v i v o ) , ^. 
I I I . FLAT EPITISSULAR PROBE . _ 

I n s t e a d o f h a v i n g a c y l i n d r i c a l geometry as f o r the 
P 0 2 cathéter , I iriade c i r c u l a r and f l a t t he geometry o f 
the P02 probe , The anode i s t h e n an a n n u l a r s i l v e r sheet 
ha v i n g the same s u r f a c e than the u s u a l s i l v e r c y l i n d e r 
used as anode i n the cathéter model ; i t i s f i x e d t o a 
l a t e x ( f l e x i b i l i t y ) or a r i g i d d i e l e c t r i c s upport ; the 
p l a t i n u m 1?/^) cathode i s c e n t e r e d and m a i n t a i n e d 
v e r t i c a l l y by a r i g i d o r f l e x i b l e d i e l e c t r i c t u b e . As 
f o r the o t h e r sens or s p r e s e n t e d here, the w i r e s are .: 
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s h i e l d e d , The polarograms g i v e good r e s u l t s , g e n e r a l l y 
w i t h a p l a t e a u a t n j 80 nA i n the range o f 0.8 - 1 V f o r 
2 9 . 5 6 O2 i n HgO ( 4 ) . 

The advantage o f such a f l a t sensor i s t h a t i t 
can be l o c a t e d a t the s u r f a c e o f any organ - even war-
ped - d i s p l a y i n g a w e l l - v a s c u l a r i z e d s u r f a c e ( mouth, 
e t c . ) and, t h e n i t p e r m i t s i t s c h r o n i c i n s e r t i o n under 
the s k i n or the s k u l l ( p a r a - v e r t e b r a l , dura mater , e t c , 
a l l o w i n g r a d i o - t e l e m e t r y as w e l l , e v i d e n t l y , a s s t a n d i n g -
metry, 

IV. HIGH RESOLUTION CATHETERIZABLE DISTAL ELASTORESIS-
TIVE PRESSURE TRANSDUCElî 

For b u i l d i n g the mentionned d e v i c e one has t o use 
the e l a s t o r e s i s t a n c e d e s c r i b e d here( c f . t h i s volume, 
B.Rybak i n the paper d e a l i n g w i t h the extensometry o f 
the open h e a r t ) , On the o t h e r hand, I use t h e s i l v e r 
tube o f the type w o r k i n g as c e l l o f the d e s c r i b e d ca-
t h e t e r i z a b l e photometers b u t o n l y w i t h one s i n g l e w i n 
dow, i n such a way t h a t the s e n s i t i v e membrane i s herme 
t i c a l l y s t i c k e d a i l around t h i s window - the t h i n f i l m 
i n s i d e w i t h w i r e s préviensly placed i n c o n t a c t w i t h i t 
u s i n g a c o n d u c t i v e g l u e ( 5 ) • 

The advantages o f t h i s pressure t r a n s d u c e r a r e : 1 ) 
t h e c a p a b i l i t y t o measure permanently an i n t e r n a i l o c a l 
p ressure i n s i t u thanks t o the r o s t r a l p o r t i o n o f the 
sensor, 2") a f a s t response ( i n ms s c a l e ) , 3 ) a h i g h 
s e n s i t i v i t y ( 1 , 0 0 0 times more s e n s i t i v e t h a n c l a s s i c a l 
s t r a i n - g a u g e s ) p e r m i t t i n g the c o n t r e 1 between 0 and 
2 5 0 t o r r i n v i v o and i n v i t r o , 4) l i n e a r i t y , 5 ) r e p r o 
d u c t i b i l i t y , 6 ) d u r a b i l i t y , 7)<Pçj^^_ = 1 .^ t o 2,4 mm. 

No t i c e t h a t , on the same cathéter ,one can have 
s e v e r a l sensors o f t h i s t y p e p e r m i t t i n g simultaneous 
C o n t r o l s i n s i d e the same v e s s e l a t différent l e v e l s . 
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DISCUSSION 

N.Akkas. What are the time s c a l e and the pre s s u r e s c a l e 
o f response o f your p r e s s u r e t r a n s d u c e r s ? Can you mea
sure i n m i l l i s e c o n d s range ? 
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B.Rybak. Tbe cathéter pre s s u r e t r a n s d u c e r you have i n 
your hands i s l i n e a r between zéro t o 2 5 0 t o r r , Then i t 
p e r m i t s t o e x p l o r e not o n l y h y p e r t e n s i o n b u t a l s o t h e 
venons b l o o d , I t works i n ms s c a l e as I s a i d d u r i n g my 
t a l k . 
N.Akkas. Can you measure w i t h i t f l u c t u a t i o n s i n p r e s s u 
r e s ? 
B,Rybak, T e s , I t i s v e r y easy•You can have q u a s i - i n s t a n t 
time courses, 
N.Akkas.And the minimum time i s l e s s than ms ? , ,̂  
B.Rybak ,Less t h a n 1 ms, I would n o t say t h a t , b u t 
around 1 ms, yes. I f you do as I d i d , t h r o u g h the i n f e r i o r 
a o r t a , a rétrograde c a t h e t e r i z a t i o n , t h e shape o f the p r e s 
sure graph w i l l be différent i f you approach the a o r t i c 
cross or i f you are f a r from i t , a n d t h i s can be done ité
r a t i v e l y ( take care t o n o t m a i n t a i n too l o n g the cathe t e r 
i n the a o r t i c p a r t when the rénal a r t e r i e s a r e no more 
i r r i g a t e d ) , T h e pressure cathéter can f o l l o w the r a b b i t 
c a r d i a c rhythms which are v e r y v a r i a b l e , as i t i s w e l l 
known w i t h t h i s v a g o t o n i c a n i m a l ( between 1 2 0 and 180 
beats/mn). 
B.Gauthéron. What about hystérésis a f t e r s t r e t c h i n g ? 
B.Rybak, You remember t h a t we démonstrated a t t h e " P a l a i s 
de l a Découverte" t h a t a sheet o f an elastomer covered 
by a t h i n f i l m o f g o l d can a f f o r d w i t h o u t d i s t u r b a n c e 
(= f u l l r e v e r s i b i l i t y ) r e peated s t r e t c h i n g up t o 2 0 ̂  o f 
i t s i n i t i a l ( r e l a x e d ) l e n g t h , I f p reserved i n r e l a x a t i o n , 
i n absence o f l i g h t - even a t room température- , t h e 
e l a s t o - r e s i s t a n c e s can be used many times a f t e r s e v e r a l 
months w i t h o u t changing t h e i r c h a r a c t e r i s t i c s , n o t a b l y , 
s e n s i t i v i t y . For continuous n o n - i n v a s i v e c o n t r o l s o f 
the v e n t i l o - c a r d i o - c i r c u l a t o r y system you l o c a t e such 
e l a s t o - r e s i s t a n c e s a t the stratégie p o i n t s o f the s k i n : 
two a t the r i g h t and l e f t t emporal puises région, two a t 
the c a r o t i d i a n régions, two a t the r a d i a l p a r t s , two a t 
the pedious( i f the anatomy o f the s u b j e c t a u t h o r i z e s i t ) , 
one a t the s t e r n o - d i a p h r a g m a t i c région( v e n t i l a t o r y fré
quence and a m p l i t u d e ) and one on the proper p a r t o f the 
chest t o c a t c h t h e ajjexogram( w i t h o u t u s i n g t h e r e f o r e 
r a d i o - a c t i v e t r a c e r s ) . I n f o r m a t i o n s can be e a s i l y b road-
c a s t . 
T . D u r a i i . Do you t h i n k t h a t one can use your mechanical 
t r a n s d u c e r s f o r s p o r t s ? 
B.Rybak. Yes, but I have o n l y a l i t t l e expérience on t h i s 
i m p o r t a n t f i e l d f o r the moment. However i f t o p l a y piano 
i s a gymnastic o f the f i n g e r s , t h e n I can t e l l you t h a t I 
have many morphologie and q u a n t i t a t i v e r e s u l t s , The t r a n s 
ducers work q u i t e w e l l , E l a s t o r e s i s t a n c e s as s m a l l as 
2 mm l e n g t h can be used. I n a d d i t i o n now,at t h e " I n s t i t u t 
d'Etudes l i n g u i s t i q u e s e t phonétiques" o f the U n i v e r s i t y 
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o f P a r i s I I I , I w i l l use thèse sensors f o r q u a n t i t a t i o n 
o f the moveraents d u r i n g normal and p a t h o l o g i c a l phona
t i o n and a l s o t o measure pr e s s u r e i n s i d e the inouth when 
speaking. •• 
T . D u r a l i . ïiThat i s t h e s m a l l e s t s i z e ? 
B.Rybak, C u r r e n t l y i t i s 3 mm l e n g t h x 1 mm w i d t h f o r 
pressure t r a n s d u c e r s t o l o c a t e i n s i d e the mouth. I must 
u n d e r l i n e t h a t a i l the r e s u l t s o b t a i n e d w i t h i n s e r t e d 
tubes ( i n c l u d i n g l i g h t guides , w i t h i n the mouth o r the 
nose are t o be r e j e c t e d because t h e y d i s t u r b t h e a i r 
f l o w , Measurements a r e , l e t us say , always p o s s i b l e . 
But i n B i o m e t r o l o g y t h e r e i s one fundamental q u e s t i o n i 
what are we d o i n g when we spend t i m e , money and reason 
when we do a s o — c a l l e d measurement r e c o g n i z e 4 , a f t e r 
t h i n k i n g , t o be f u l l o f a r t i f a c t s 7 On the c o n t r a r y 
you can do what c o u l d be con s i d e r e d as the most f o o l i s h 
experiment i f you know what you do, I n Physics , a mea
surement i s always a d i f f i c u l t t a s k , b u t i n B i o p h y s i c s 
i t i s much more d i f f i c u l t m a i n l y because o f the enormous 
v a r i a b i l i t y o f the m a t e r i a l and because t h e r e are many 
v a r i a b l e s which are h i d d e n . 

Lesson d e l i v e r e d J u l y 3 , 1 9 7 8 a t 3 p.m. 


